Genom editalas: Zn-finger nukleazok, Talen, CRISPR-
Cas9 rendszerek
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Miért van sziikség uj technologiakra? A célzott transzgenezis nagyon
fontos. (knock-out, knock-in, allélcsere)

Ossejtes transzgenezis

Csak egérben mikodik
(patkany, ember)
Bonyolult

Draga

Gyenge hatékonysag

12-12-00
14-19.52_

Klonozas

Sok fajban mikodik

Bonyolult

Draga

Bizonyos szempontbol gyenge hatékonysag
Rengeteg mellékhatas



A nukleaz technologia a megoldas. Elsé képviseloi a
cink finger nukleazok.

A cink finger fehérjék Kis
strukturalis fehérjemotivumok, a

stabil szerkezethez cink ion(ok)
kellenek

Szerepik DNS,RNS, fehérjekotésben-
interakcios félként

Cink finger
fehérjedomén



A rendszer masik fele a Fokl restrikcios
enzimbol szarmazik

*DNS felismero domén
*Nem specifikus hasito domén




Cink finger nukleazok

*Mesterséges fehérjerendszer, DNS
specifikus hasitasara. DNS koto cink
finger domének osszekotése FOKI
restrikcios doménnel

b) DNA-Cleaving

*Egér Zif268 transzkripcios faktorbal
szarmazik a legtobb cink finger domén

4
a) DNA-Binding
Domain
J

*Egy cink finger 3 bazist ismer fel

*Az 0sszes lehetoséghez min 64 féle
cink finger kell

Dimerként mukodik

*Nagyon specifikussa teheto



Gene
disruption

Hogyan mukodik? Duplaszala DNS torés-

Allele

1t., A6
LAl

1t., A90

1., A2
LAl
LA12, A4

i1, Al2

Sequence
TTCCTGCCCAGCTCCATTTCCTTCTCCTGGAAC TACCAGAACAACACTGAA
TTCCTGCCCAGCTCCATTTCCTT: : : : : : GRACTACCAGAACAACACTGAA

TTCCTGCCCAGCTCCATTTCCTTCTC : TEGEAACTACCAGARACAACACTGAR

TTCCTGCCCAGCTCCATTTCCTTC : : CTGEAACTACCAGARCAACACTGAR
TTCCTGCCCAGCTCCATTTCCTTCT : CTGEAACTACCAGARCAACACTGAR

TTCCTGCCCAGCTCCATTTCCT: trrrr oo tACCAGARACAACACTGAR
TTCCTGCCCAGCTCCATTTCCT @ & @ : CTGEAACTACCAGARCAACACTGAR
TTCCTGCCCAGCTCCATTTCCT: s rrr oo tACCAGARACAACACTGAR

Frameshift mutacio, korai STOP igy nincs

megfelelo fehérje



A repairt koveto lehetséges mutaciok

1. Kicsi delécié 1-20 bp heterozigota
2. Nagyobb delécio 20 bp- heterozigota
3. Kisebb inszercio heterozigota
4. 1-3 barmilyen kombinacioja
heterozigota
5. Mozaikos események
0. Homozigota események (ugyanolyan és

eltéro események is!)



Organism/Cells
Human T cells
CHQO cells

Various human cells

HEK 2393 cells
HEK 2393 cells
HEK 233 cells

Felhasznalasi teriilet: Génkitités

Gene name
CCRS
DHFR
IL-2Ry

VEGF-A
HoxB13
CFTH

Reference

Ferez et al. {20@8}5
Santiago et al. {EDDBJB
Lombardo et al. (20@?]4
Moehle et al. (2007)'°

6

Maeder et al. (2008

o

( )
( )
Maeder et al. (2008)
Maeder et al. (2008}6

Korai génkiiitések
sejtekben

DNS vagy RNS formaban viheto be.

Sejtekbe egyszeribb a DNS, embriokba célszerubb az RNS forma

Alegtobb sejtben miikodik. Ha nem akkor kombinalhato
adenovirus, vagy lentivirus rendszerekkel.



Génkiiités: Allatok

C GFP expression
+ + + - - SS(9)
l ZFN-induced cleavage 1000-
—_——————— C— 800- — Sma® ——
l Repair by NHEJ 700" -

Arabidopsis,dohany,sz6ja, kukorica, drosophila, C.elegans, ten
geri
siin, selyemhernyo, zebradanio, Xenopus, egér, patkany,nyul,se
rtés,szarvasmarha, ahol eddig kiprobaltak, mukodott




Génbeittés, illetve géncsere

Target cleavage /
Disruption \ Replacement via
via NHEJ HR with donor

Ebben az esetben a homolog rekombinacio mukodik (HR)
Plazmid donorral miikédik, de megy oligonukleotid donorral is



Célzott mutacioval transzgénikus egér, mely
lox-P helyeket hordoz
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Masik példa: szarvasmarha génbeiités (lysostaphin)
casein lokuszra




Példa knock-in hasznalatra emberi sejtekben

Patient Patient-derived Neurons

fibroblasts hiPSCs %
\5\
ZFN-mediated :|

i
o o

21uebos)

mutation repair

Parkinson korban szerepet jatszo két
mutacio

A

Direct delivery-based in vivo editing




Nemcsak vagas, de transzkripcios

aktivalas, receptorfiiggo

aktivitas, represszalas, metilacio is kivitelezheto

T rr—

VP16?

KRAB-AP

Progesterone
Receptor and
p65

Protein methyl
transferase
(Suv39H1)c

DNA methyl
transferase
(M.Sssl)d

DNA
endonucleases
(Fok1)e

Transcriptional

activator ahas

Transcriptional 24, 25, 32
repressor

Ligand dependent

transcriptional 36
activator

Transcriptional 37
repressor

Transcriptional 38, 39
repressor

DNA cleavage 43-48

C




Honnan szerezheto be?

The Zinc Finger
Consortium

to promote continued
research and development
of engineered zinc finger
technology

T
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Life Science Home

» “Your Favorite Gene - Search
Life Science Products

P Cell Biology

b Cels and Cel-Based Assays

¥ Cell Culture

I Core Bioreagents

P Custom Oligos

¥ Epigenetics

» Functional Genomics & RNAI

» Metabolomics

F Molecular Biology

¥ Nutrition Research

» Proteomics

P Stem Cell Biology

P Tranzgenice

w Zinc Finger Huclease (ZFN)

P Learning Center

Cl:rmpl:rZrlﬂ Targeted Integration
Kits
CompoZr® Custom ZFN Service
Cl:rmpl:rZrlﬂ Knockout ZFNs
ZFN Licenze Agreement
Zinc Finger Nuclease
References
Zinc Finger Nuclease
Applications Center
ZFN Webinar Series
ZFN Awrard Program

F ADMETox Assays
ADMETox Partnerships

Teannnamar Wnnalnd A nnme

Functional Genomics & RNAi

Zinc Finger Nuclease (ZFN)

Compc»Zr® Zinc Finger Nuclease Technology

Zincfinger nucleases (ZFNs) are a class of engineered DNA-binding proteins that facilitate targeted editing
ofthe genome by creating double-strand breaks in DMNA at user-specified locations.

Double-strand breaks are important for site-specific mutagenesis in that they stimulate the cell’s natural
DMA-repair processes, namely homologous recombination and Mon-Homologous End Joining (NHEJ)

Using well-established and robust protocols, these cellular processes can be hamessed to generate
precisely targeted genomic edits resulting in cell lines, including somatic cell lines, with targeted gene
deletions (Knockouts), integrations, or modifications.

Method of the Year 2011 — Nature Methods

“Genome Editing with Engineered Nucleases”

Forits annual choice to highlight an important research method for biclogical researchers Mature Methods
has selected “Genome Editing with Engineered Nucleases™ - Mat Methods. 2011 Dec 28, 9(1).26. In 2011
there were many high profile publications using zinc finger nucleases with a wide range of genomic edits in
avariety of cell lines and species, see Zinc Finger Muclease References.

2011 was also an important year as the leading genome editing technology, CompoZr ZFNs, had a
reduction in price that the increased access ofthe most well-characterized and highly published genome
editing technology in the market. Along with the reduction in price Knockout ZFNs are now available on the
Sigma website for all human, mouse and rat genes providing easy access to the most common genome
editing research application.

CompoZr ZFN Products

Knockout ZFNs Custom ZFN Service Targeted Integration Kits



Hatranyok

*Nagyon eros protein mérnokség
hattér kell

b) DNA-Cleaving
Domain

Draga

*Szellemi tulajdon probléemak
(novényeseknél)

a) DNA-Binding
Domain

*Toxicitas

-Offtarget hatas



Xanthomonas oryzae pv. oryzae

« Komoly peneszt okoz
rizsen, fuféléken, sason.

» A bakterium TAL effector resze
transzkripcionalisan aktivalja a rizs
betegs

G
o

UGA0162038



A TALEN technol6gia: TAL effector+ Fokl endonukleaz

@) LTPDQVVAIASHDGGKQALETVQRLLPVLCQDHG
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l ! DNA Binding Domain 4. &
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5 CATCGCU CACTACTCGT

Target DNA
HD—=C NI—=A NG—=T NN—G

TAL effector DNS koto domén felhasznalasa

Xantomonas baktérium termeli, bejut a novényi sejtmagba, és olyan
géneket aktival, mely a fertozest elosegiti

DNS koté doménnel rendelkezik, mely egy adott helyen hipervariabilis de
pontosan lehet tudni, hogy mely aminosavcserék kellenek a megfelel6
bazisok felismeréséhez



TALEN

« DNS hasito rész:

— Fokl restrikcios endonukleaz
— Nem specifikus
— DNS hasitasat végzi




A TALEN rendszer mukodése

L TALEN
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Kiiites mellett lehetoség van aktivalasra
is, repressziora stb.

NT-L +95 ,@
N NTF3

A152 +95 >

GAGCGGAGCCATCTGGCCGGGTTGGCTGGTTATAACCGCGCAGATTCTGTTCACGGGACTCAGAGTTGAAGC

Emlos sejttenyészetben promoterre tervezve, aktivator doménnal
felszerelve az expressziot 20X novelték (idegi novekedési faktor)



TALEN milyen fajokban mikodik (példak)

*Novények

*Kiilonbozo allati sejtek

*ES sejtek, IPS sejtek
«Saccharomyces

«Zebradanio

C. Elegans

Patkany

Egér

*Diszno, Szarvasmarha, kecske,

*Nyul



Hogyan szerezheto be?

Plazmid kitként megvasarolhato € »>add gene Logi | New s
A better way to share plasmids Search’ _ Go

I T e R B T T

Special Collections = TALEN Kits

TALEN Kits Available from Addgene

DNABD  Fokl

ceﬂeciis

bioresearch

n About Us Genome Customization Drug Discovery Protein Production

Home » TAL Effector Nuclease » Tag:TAL Effector Nuclease

Tags
Custom TALEN® Service

>>> Check out now if your sequence’s got talent: use our TALEN® Hit™ software. Meg is Vés érolhat(’) Szﬁrﬁstﬁl_bﬁrﬁstﬁl

> TALEN® Services

o TALEN® Access and TALEN® First: Production of Custom TALENS® for all gene customization projects: to target
any gene, at any position, in any genome.

o NEW! TALEN® Sure KO™: TALEN® Sure KO™ ensures gene knock-out by introducing frame shift mutations with
the first coding exon of any gene.

« Custom TALEN® Project Support: Project-specific, personalized scientific support for the highest project success.



TALEN tervezeés

 https://tale-nt.cac.cornell.edu/about

» http://talen-hit.cellectis-
nioresearch.com/target/talenHitSearch

 http://www.addgene.org/TALeffector/golde
ngate/voytas

transcription
enhancer factor promoter exon 1 exon 2 exon 3 exon 4 untranslated region

| intron intron intron intron

Y — > 0, -

add/delete promoter gene integrate gene fuse add/delete
transcription swapping knock-out point mutations integration, reporter microRNA
factor binding - elongation, gene control
sit integrate @ truncation element
constitutive,

inducible 1o protein!
promoter


https://tale-nt.cac.cornell.edu/about
https://tale-nt.cac.cornell.edu/about
https://tale-nt.cac.cornell.edu/about
http://talen-hit.cellectis-bioresearch.com/target/talenHitSearch
http://talen-hit.cellectis-bioresearch.com/target/talenHitSearch
http://talen-hit.cellectis-bioresearch.com/target/talenHitSearch
http://talen-hit.cellectis-bioresearch.com/target/talenHitSearch
http://talen-hit.cellectis-bioresearch.com/target/talenHitSearch
http://talen-hit.cellectis-bioresearch.com/target/talenHitSearch
http://talen-hit.cellectis-bioresearch.com/target/talenHitSearch
http://talen-hit.cellectis-bioresearch.com/target/talenHitSearch

Results:

Result File (Tab-Delimited):

[ fileVuwave txt

TALEN targeter ereménye

Tips for choosing TALENs/TAL effectors

Results:
1 2 next . last »
Sequence Cut Site TAL1 start TALZ start Spacer range TAL1RVDs TALZ RVDs Plus strand Unigque RE % RVDs HD
Name sequence sites in or NN/NH
spacer
TATGGATATA 24 2 47 17-31 HD HD MG MGHDHDMNI T none 45
TCTGAGACC NMMNINNMN  NNMNGNING CCTGAGGCT
CGTGAAGAC HDONGHD NI MNIHDHD NG CATCAA
TCCTACAAC NG HD Ml NI NG MM NGHMNI acctatgaaagac
AGTGTTTGTG ga
CAR TACAAGGTAT
ACTGGA A
TATGGATATA 25 2 52 18-32 HD HD MG HDMMNMNNMNI T none 47
TCTGAGACC NMNINNMN  NGHNGHD CCTGAGGCT
CGTGAAGAC HDNGHDMI HDMINNNG CATCAAA
TCCTACAAC NG HD MI NI MNIMNG NI HD cctatgaaagacg
AGTGTTTGTG NI HD NG NG gt
CAA NN MG ACAAGGTAT
ACTGGAATC
CGA
TATGGATATA 26 2 52 18-33 HD HD MG HD MM MNNMNI T none 50
TCTGAGACC NMNINNMNN  NGHNGHD CCTGAGGCT
CGTGAAGAC HODNGHD Ml HDMIMN MG CATCAAAC
TCCTACAAC NG HD Ml NI MIMNG NI HD ctatgaaagacy
AGTGTTTGTG NI HD HD NG NG gta
CAL MM CAAGGTATA



TALEN osszeszerelése

One-step assembly Serial assembly Solid-phase assembly
Golden Gate REAL, FLASH
derived methods Unit Assembly ICA
m = - HE @ e .
m = e e
m = - - .
Repeat unit fragments Repeat unit plasmids Repeat unit archive

/.\ O=

@ Digestion & ligation
Digestion & ligation

Transformation
Digestion & ligation & colony growth

Transformation Plasrid oresaration Transformation
& colony growth ¢ s & colony growth

N\ /

TALE
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c
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Egy példa patkanyban

1. Talen és a FoklI restrikcios domén osszerakasa

2. Target konstrukcio: patkany IgM génre

B [Jvo Ewn Pne

3. Injektalas patkany korai embriokba DNS formaban




Eredmény ellenorzése T7 nukleazzal

gPCR c ]
DNA mRNA mRNA mRNA Rat Rat Rat Rat Rat Rat Rat
lHehybridize Vector (0.8ug) (Ypg) (2ug) (4ug) 12 33 34 83 86 92 109
00 ) e el el 100 Al e e e ) e il
300 - e
- 200 - !
200 . e e "
1 3
l Surveyor nuclease
100 -
NHEJ, % 21 7 9 13
14 . |4
Patkany sejt Patkany 7/74
Injection Dose (ng/uL) Pup Allele Sequence
Wild-type TTCCTGCCCAGCTCCATTTCCTTCTCCTGERAACTACCAGAACAACACTGAA
DNA 10 1.2 w.t., A6 TTCCTGCCCAGCTCCATTTCCTT: : & & : : GAACTACCAGAACAACACTGAA
DNA 10 3.3 w.t., Al TTCCTGCCCAGCTCCATTTCCTTCTC : TEGAACTACCAGAACAACACTGAA
DNA 10 3.4 w.t., A90 TTCCTGCCCAGCTCCATTTCCT: 1 :x:::13131313133312323:332123
DNA 2 8.3 w.t., A2 TTCCTGCCCAGCTCCATTTCCTTC : : CTGGAACTACCAGAACAACACTGAA
DNA 2 8.6 w.t., Al TTCCTGCCCAGCTCCATTTCCTTCT : CTGGAACTACCAGAACAACACTGAA
DNA 2 0.2 w.t., Al2, Ad TTCCTGCCCAGCTCCATTTCCT::::::::::::ACCAGAACAACACTGAA

TTCCTGCCCAGCTCCATTTCCT : : : : CTGGAACTACCAGAACAACACTGAA
DNA 2 10,9 w.t., Al2 TTCCTGCCCAGCTCCATTTCCT: t::::::: 1 : : ACCAGAACAACACTGAA



Technologia finomitasa (koncentraciok és injektalasi formak)

Table 1: Disruption of the rat fgh locus via TALEN cleavage

Injection/route

DHAPNI
DMAPNI
DHAPNI
mRMNASC
mRMNAAC

mRMNASC

Plasmid 1 DMNA/PNI

Plasmid 2 DMNA/PNI

mRNA
mRNA
mRNA

mRNA
mRNA

mRNA

mRNA
mRNA
mRNA

mRNA
mRNA
mRNA
mRNA
mRNA
mRNA

mRNA
Wild-type

=

RSN

e - S S =Y

18.1
18.2
18.4

18.6
19.1

198 A6, A6

19.3
19.4
19.5

19.6
19.7
19.8
19.9
201
20.2

203

Dose (ng/pl) Injected Transferred

10 166 98 (59%)

g 236 150 (63%)

04 a4 48 (57%)

10 200 146 (73%)

4 187 127(68%)

0.8 a6 T3 (85%)

2 402 235 (58%)

g 353 256 (7T3%)
mosaic
Ww.L, AS TTCCTGCCCAGCTCCATTTCCTT: ¢ & & : GGAACTACCAGAACAACACTGAA
A2, AT TTCCTGCCCAGCTCCATTTCCTT : : CCTGGAACTACCAGAACAACACTGAA

TTCCTGCCCAGCTCCATTTCC: 1 1 1 1 : AGAACTACCAGAACAACACTGAR

mosaic
Al, Al TTCCTGCCCAGCTCCATTTCCTTCTC : TGGARC TACCAGAACAACACTGAR

mosaic
mosaic
Al, A7

w.t,Al2
mosaic
mosaic
w.t, Al2
mosaic
Al2, Al12

w.t., A3

TTCCTGCCCAGCTCCATTTCCTTCTC : TGGARCTACCAGAACAACACTGAA

TTCCTGCCCAGCTCCATTTCC : TCTCCTGGARCTACCAGAACAACACTGAA

TTCCTGCCCAGCTCCATTTC: @z TGGARCTACCAGAACAACACTGAA
TTCCTGCCCAGCTCCATTTCCT: txxr i tACCAGAACAACACTGAA
TTCCTGCCCAGCTCCATTTCCT:t::::::::: :ACCAGAACAACACTGAA
TTCCTGCCCAGCTCCATTTCCT: s :xriri:: tACCAGAACAACACTGAA
TTCCTGCCCAGCTCCATTTCCT: sz zxx::::: t ACCAGAACAACACTGAA

TTCCTGCCCAGCTCCATTTCCTTCT @ & : GGARCTACCAGAACAACACTGAA
TTCCTGCCCAGCTCCATTTCCTTCTCCTGGARCTACCAGAACAACACTGAA

Newborns Founders

13 (13%,)
53 (35%) 4 (8%])

8 {17%)

20 (14%)

36 [28%)

32 (44%) 9 (28%)

47 (20%]) 4 (9%}

51 (20%) 5 (10%)

1-154 hosszu deléciok
egyedek is
Dupla KO egyedek is



Az allatok orokitik a modositast
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= IgM

Spleen

Bone marrow

Funkcionalis vizsgalatok

b

Wild-type
littermate TALEN KO Rat 19.1 Serum IgM
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Peldak

» Terapias célkora — in vitro kisérletek

Table 2
Reported therapeutic applications of TALENs.
Disease Target gene/sequence Study Cell line(s)/species Reference(s)
type
Sickle cell anemia B=globin (HBB) in vitro hiPsCs (Ma et al.. 2013; 5un and Zhao, 2014)
Hemophilia A F8 in vitro hiPsCs (Park et al., 2014)
Duchenne muscular dystrophy (DMD) Exon 51 of dystrophin in vitro Skeletal myoblasts, dermal (Ousterout et al., 2013), (Li et al..
gene in vitro fibroblasts 2014)
Exon 45 of dystrophin hiPSCs
gene
Muscular dystrophy MSTN in vitro HT1080, BAEC, NIH3T3, C2C12 (Xu et al., 2013)
ce1-antitrypsin deficiency (A1ATD) SERPINA1 in vitro hiPSCs (Smith et al.. 2014)
Polycythemia vera (PV) JAKZ in vitro hiPsCs (5mith et al., 2014)
Recessive dystrophic epidermolysis bullosa COL7A1 in vitro Human fibroblasts (Osborn et al., 2013)
(RDEB)
Severe combined immune deficiency X=1 (SCID) 1L2R+y in vitro Jurkat (Matsubara et al., 2014)
Mitochondrial diseases m.B3483_13459d in vitro Human osteosarcoma cells (Bacman et al.. 2013)
MT-NDG6 1438206 cells
Human immunodeficiency virus (HIV-1) PsIP1 in vitro 293T, Jurkat (Fadel et al., 2014; Ye et al., 2014)
resistance CCR5 in vitro hiPSCs
Hepatitis B virus (HBV) replication C. 5, an pol of HBV in vitro Huh?, HepG2.2.15 (Bloom et al., 2013; Chen et al., 2014)
in vivo Mouse
HPV infection and cervical cancer E6, E7 in vitro SIHA, 512, Hela (Hu et al.. 2014b)
in vivo Mouse
Various cancers mik=21 in vitro Hela, Hek-293, Ramos lymphoma (Chen et al., 2015)
cells
Malaria TEP1 (mosquito genome)  in vitro Mosquito germ cells (Smidler et al., 2013)




Gene editing in mice with TALEN.

Pé

ldak

S

= _\.

Target genes Genotype Founder mutants knockout (%) Founder mutants knockin (%)
Pibf1, Sepw1 C57BL/6 56=77 n.a.

Rab38 C57BL/6 = FVB 6 2

Zic2 CD1, C3H, C57BLJ6 10-46 n.a.

Lepr & nine others FVB[N, C57BL/6 13-67 n.a.

Fus, C9orf72 (C57BL/6 = BS) x FVBJN 41 6.8

Fats C57BL/6 62 n.a.

miRNAs C57BL{6 x DBA2 3=30 n.a.

Target
geno

No. of embryos No, of BL. No, of BL.  Mutants (%)

injected

28
18

67
38
18
19

28

(%)
15 (60.0)
11 (61.1)
a3 (55.0)
33 (49.2)
13(34.2)
12 (66.7)
13 (68.4)

13 (65)
16 (64.0)
159 (54.8)

Bi-allelic
sequenced mutations (%)

15 10 (65.7) 8(00.0)
10 5(50.0) 04{0)

19 1 (5556) 4(363)

23 16 (69.6) 16 (100)
o 4 (44.4) 0{0)
12 2(16.7) 0{0)
10 1(10.0) 040)

10 10 (100.0) 8(80.0)
& 2(25.0) 0(0)

16 61 (52.6) 36 (59.0)

Targed
gene

No. of Embryos
injoctedtransferred

FREES
BB 2 8 %

No., of
recipients

10

Blallelc

No, of kits No, of positive

{term rate)  kits (KO rate) mutations (%)
12(128%) 10{83.3%) 10 (100)
28 (30.1%) 9({32.1%) 0(0)
13(24.1%)  11(84.6%) 4(354)
15(250%) 8{53.3%) 1(125)
68 (226%) 38(55.9%) 15 (39.5)



Elonyok/hatranyok

*Nem Kkell fehérjés szakérto

(@) LTPDQVVAIASHDGGKQALETVQRLLPVLCQDHG
_____________________________ NLS AD
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DNA Binding Domain

HD NI NG HD NN HD HD NI HD NG NI HD HD NN NG
Y A A (N (Y (O W Y A A A A |

s CATCELCACTAC G «Szellemi tulajdonok ok

Target DNA
HD—-C NI—>A NG—T NN—-G

*Toxicitas
«Offtarget hatas

*Jo sok klonozas



OUTLOOK

Vaccines
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PAM sequences recguit and activate Cas9 endonuclease
in CRISPR/Ca89 genome-editing tool pasts2

Bl
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CRISPR/Cas9

Clustered Regularly Interspaced Short Palindromic Repeats



CRISPR/Cas9 rendszer

12007

First experimental evidence for
CRISPR adaptive immunity

Barrangou st &l

2011

tracrBNA forms a duplex structure

with crRNA in association with Cas9
Delicheva et al

Type 1| CRISPR systems are

modular and can be

heterologously expressed

in other organisms

Sapranauskas of al

1987
First report 2002 2009 2013
°|f CRISPR Coined “CRISPR" Type IIl-B Cmr First demonstration of
Clustered repeats | name defined CRISPR complexes Cas9 genome engineering
Ishino &t al signature Cas genes cleave RNA in eukaryotic cells
Jarssen of al Hale &t al Cong ot al
Mali st &
e S S’ S S— S———" ——— — >
2000 2005 2008 2012 2014
Recognition that Identified foreign CRISPR acts upon In vitro Genome-wide functional
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CRISPR/Cas9 rendszer
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Baktériumok immunrendszere, behatolo fagok és plazmidok ellen



CRISPR/Cas9 rendszer

45 Cas gén csalad
3 1o divizio, sok aldivizio

Signature genes and their putative functions for the major and minor CRISPR-cas types.

Cas Signature .
e e Function
| Casd Single-stranded DNA nuclease (HD domain) and ATP-dependent helicase
1A Casfa
B Casab Subunit of the interference module. Important in targeting of invading DMNA by recognizing the PAM sequence
IC Casfc
ID Cas10d
- oot contains a domain homologous to the palm domain of nucleic acid polymerases and nucleotide cyclases
IF Csy1 Mot Determined
" Casg Mucleases RuvC and HNH together produce DSBs, and separately can produce single-strand breaks. Ensures the acquisition of functional
spacers during adaptation.
A Csn2 Mot Determined
1=} Casd Mot Determined
Inc Characterized by the absence of either Csn2 or Cas4
m Cas10 Homolog of Cas10d and Cse1
A Csm2 Mot Determined
nB cmrs Mot Determined




A bakterialis ,,immunrendszer” részletesebben
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=== CRISPR/Cas9 rendszer

N A ) tracRNA tr’achNA
S 50N
R~ crRNA , 3
, \_l »,."‘ 3 ’

Rec lobe

Hairpins
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-, ) Lower stem |~ =
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G Spacer £ - 3
# T S
- A \
HNH ’
TR EET |§,
= / PAM
Protospacer A
SR Nuc lobe
TRENDS in Microbiology

PAM szekvencia
http://www.casblastr.org/



http://www.casblastr.org/

CRISPR/Cas9 rendszer atalakitasa

Bacterial immune system
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CRISPR/Cas9 rendszer

v L Guide RNA (gRNA)
a-a 97 bases
Q=g
Cas9 protein i a-8 /
1,367 amino acids s-2 R’ = w3
158 kDa 8=8 3
\ 3 D :
= guide
Cas9 3z RNA 2
e = O
3 = GV VY ¥ AAGGCUAGUCCGUUAUCAA
NN“:NNNHNXNNNNNNNNNNNN.\'N“CCNNN
3~ NN N -5’
5/ ~NNNNNNNN yu ,;" NNNWNNNNNNN‘HNNN-3’

NNNNNNNNNNNNNNNNNNN N Chmmosome
. IE\ PAM _
' Typical TALEN ~200 kDa

23bp genomic target sequence

Typical ZFN ~ 80 kDa
https://www.youtube.com/watch?t=240&v=2pp17E4E-O8

https://www.youtube.com/watch?v=SuAxDVBt7kQ
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Lehetséges modositasok

Nonhomologous end joining Homology-direct repair
"v’ [— ] ‘~~~
NHEJ |+~ i HR
no donor DNA + donor DNA + donor DNA + donor DNA
[——r—] [ >———] | e — — = ———
[~ ] o | | e— | e | T | ——r——— ]
e +u’ + ——— + —_
— [ aa— e ] [ seemessssmemsssssssssssnanes . ommmnm———— ﬂ
| m— see— ] N O . =————— ]

gene knockout gene insertion gene modification gene insertion

(a) (b) (c) (d)

l l

Cas9 alt. mddositas 20-60% g Inszercios mutagenezis hatékonysaga: 0,5-20%



CRISPR/Cas9 rendszer

1. guideRNS tervezées

http://crispr.mit.edu/

http://crispr.mit.edu/quides/885
437766687252

https://www.dna20.com/eCom
merce/cas9/input

http://www.e-crisp.org/E-
CRISP/designcrispr.html

http://tools.flycrispr.molbio.wisc.edu/target
Finder/index.php

http://www.addgene.org/crispr/quide/#D

esign



http://crispr.mit.edu/
http://crispr.mit.edu/guides/885437766687252
http://crispr.mit.edu/guides/885437766687252
https://www.dna20.com/eCommerce/cas9/input
https://www.dna20.com/eCommerce/cas9/input
http://www.e-crisp.org/E-CRISP/designcrispr.html
http://www.e-crisp.org/E-CRISP/designcrispr.html
http://www.e-crisp.org/E-CRISP/designcrispr.html
http://www.e-crisp.org/E-CRISP/designcrispr.html
http://www.e-crisp.org/E-CRISP/designcrispr.html
http://tools.flycrispr.molbio.wisc.edu/targetFinder/index.php
http://tools.flycrispr.molbio.wisc.edu/targetFinder/index.php
http://www.addgene.org/crispr/guide/
http://www.addgene.org/crispr/guide/

Egy CRISPR tervezés végeredménye

oryCun2 chr7 +130431532

all guides guide #3  quality score: 85
scored by inverse likelihood of offtarget binding guide sequence: TRACCTTETRCCGICTTTICAT AGG
f e on-target locus: chr7:-130431548
number of offtarget sites: 78 (0 are in genes)

score sequence
Guide #1 88 ARCCTATGARAGACGGTACA AGG < S Ofi-target site _| show all exonic
Guide #2 87 RRAGACGGTACRAGGTATAC TGG

Guide #3 85 e | sequence sco:'e mismatches UCSC gene

) BCCRTGTGCCTTCTTTCATGGE 3MMs [5:9:12]
Guide #4 80 TCRTRGGTTTGATGRGCCTIC AGG R
) _ RRCTTTGTARCATCTTTCRTCAG 0.7 4MMs
Guide #5 70 TCRATG R
) TGCCGTETRACTTCTTTCATCRG 0.7 41
Guide #6 66 GRTCTTGCT . oo ~
GRGCTTGTAGCGTCTTTCRGTAG 0.6 41
Guide #7 65 TTTGATTT 2. 5
TERTTIS GRCCATGTAGCGTCTTCCRTARG 0.6 41
ii £ CTGRALD
e St ScEnEy CACCATCTACAGTCTTTCATGGG 0.6 LTS
Guide #9 60  RRACARCCTGARICCAACT TRATTTTTACAGTCTTTCATAGG 9.5 4Ms
Guide #10 58  CTCRTCRRACCTATGRRRGE CGG 0.5 a4
Guide #11 57 GCTGTRACCTTCCCRGGACC AGG 0.5 aMs
Guide #12 55 TCATGTCAAGTTTCAGAGAT CGG 0.5 4MMs
Guide #13 52 TCTGCCRARTRCCRGTGCCT GGG 0.5 4Ms

T T T T T ™ T T



Munkamenet 1

*Cél oligonukleotid rendelése
*Vektorba ligalas
*Tisztitas, ellenorzés

lacZ 474...622
T7 promoter 626...644

amp 2473...3333

pBS-UB-Bbsl-
chiRNA
3458 bp

U6 promoter 698...1097

\Bbsl 1100...1106
Bbsl 1108...1113
CrRMA repeat-derived sequence 1116...1131
tracrRANA 1132...1191
U6 terminator 1192...1187
T3 promoter 1272...1281



Munkamenet 2

PCR

pBS-UB-Bbsl-

Gélelektroforézis chiRNA
! 3458 bp

Fragment-izolalas gélbol

A PCR termék Prot. K és SDS kezelése
Fenol/kloroformos precipitacio

MMESSAGE mMACHINE T7 Transcription Kit 1n vitro
transzkripcio

Tisztitas



https://www.lifetechnologies.com/order/catalog/product/AM1344

Cas9

180°

|
Target DNA

Bridge helix

Streptococcus pyogenes Cas9 (SpCas9)

___Repeat:Anti-repeat




M13 rev

( :aS 9 CAG Promoter
bal
P\ful\

T})ice acceptor
ozak

o o .7 rimer Casv2-3
In vitro transzkripcio, vagy meg kell -
Venni seqprimer Cas-1
MF?%@T; N
C-term Jine 3 segprimer Cas-2
\ CasS-hls gnekama
seqprimer Cas-4 840 Sesqe% e
Cas9 mRNS

http://www.trilinkbiotech.com/cart/scripts/prodView.asp?idproduct=7666
http://www.sigmaaldrich.com/catalog/product/sigma/cas9mrna?lang=hu&
region=HU

https://www.systembio.com/genome-engineering-cas9-crispr-
smartnuclease/ordering

Cas9 fehérje

https://www.neb.com/products/m0386-cas9-nuclease-s-
pyogenes
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https://www.systembio.com/genome-engineering-cas9-crispr-smartnuclease/ordering
https://www.systembio.com/genome-engineering-cas9-crispr-smartnuclease/ordering
https://www.systembio.com/genome-engineering-cas9-crispr-smartnuclease/ordering
https://www.systembio.com/genome-engineering-cas9-crispr-smartnuclease/ordering
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https://www.systembio.com/genome-engineering-cas9-crispr-smartnuclease/ordering
https://www.systembio.com/genome-engineering-cas9-crispr-smartnuclease/ordering

kecskehui

sertés blasztociszta



Ellenorzés T7 endonukleaz emésztéssel

@ 2. Genomic DNA prep.
m 3. Target site PCR.

————— 4. Denature/Reannealing

i, e —— 5. T7 endonuclease | reaction.

— b. Agarose gel eletrophoresis




Cas9 Nickase

A
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LB
r"'-
Nuclease Nickase HNH+ Nickase RuvC+
Double nicking
SR — 1 +n bp sgRNA offset
[ i gt 1 5’overhang
sgRNA a %ﬂ
5,--—||| lHiI targetb | B | 3,
mm v - ?
3 NI S

target a
Cas9n mA b



Activate

Transcriptional
activator protein

\

Catalytically
inactive Cas9

v

CRISPR Transcriptional Activation

gRNA

N Tene of interest

Promoter

Target sequence PAM sequence

CRISPR/Cas9 rendszer, mint aktivator

Repress
CRISPR/Cas9 rendszer, mint gatlo
faktor CRISPR Interference
Catalytically
inactive Cas% gRNA
Promoter

/_ Gene of interest

PAM sequence
Target sequence



Peldak

* In vitro alkalmazas terapias celokra

Table 3
Reported therapeutic applications of CRISPR/Cas9.
Disease Target gene/sequence Study Cell line(s)/species Reference(s)
type
Sickle cell anemia B-globin (HBE) in vitro  hiP5Cs (Song et al., 2014; Xie et al.,
2014)
Duchenne muscular dystrophy (DMD) Exon 45 of dystrophin gene in vitro  hiP5Cs (Liet al, 2014; Long et al., 2014)
Exon 23 of dystrophin gene in vive  mdx mice
Cystic fibrosis CFTR in vitro 51 and LI stem cells (Schwank et al., 2013)
o l-antitrypsin deficiency (A1ATD) SERPINA1 in vitre  hiPsCs (5mith et al., 2014)
Polycythemia vera (PV) JAK2 in vitre  hiPsCs (5mith et al., 2014)
Cataracts Crygc in vive  Mouse (Wu et al., 2013; Wu et al,
2015)
Barth syndrome TAL in vitro  hiPSCs (Yang et al., 2014)
Hereditary tyrosinemia type I (HTI) Fah in vive  Mouse (Yin et al., 2014b)
Human immunodeficiency virus (HIV-1) resistance CCRS in vitro  hiP5Cs (Ye et al., 2014)
Human immunodeficiency virus (HIV-1) infection and LTR loci of integrated viral in vitro CHMES, HeLa-TZM-bl, U1, and |- (Ebina et al.. 2013; Hu et al.,
immunization genome, T10. lat T=cells 2014a; Zhu et al., 2015)
Hepatitis B virus (HBV) Multiple in vitro  Huh?, HepG2, HepAD38, HepaRG (Dong et al. 2015; Kennedy
in vive  Mouse et al., 2015; Lin et al., 2014; Liu
et al, 2015; Ramanan et al.,
2015; Seeger and Sohn, 2014;
Zhen et al, 2015)
Epstein-Barr virus (EBV) Multiple in vitre  Raji (Wang and Quake, 2014)
Human papillomavirus (HPV) and cervical cancer E6 and EY oncogenes in vitro  SiHa and Caski (Hu et al,, 2014c; Yu et al,, 2015;
in vive  Mouse Zhen et al., 2014)
Osteosarcoma CDK11 in vitro  KHOS and U-205 (Feng et al.. 2014)
Cardiovascular disease Pcsk9 in vive  Mouse (Ding et al.. 2014)




Peldak

* B-sejt hianyos mutans sertes
* IgM nehez lancan mutacio
* Fibroblast sejteken, majd szomatikus

sejtmag atulteseses technikaval otvozve 3
biallélikus mutans utod.



Hasznositas- alapkutatas

Rett szindroma- autizmus kutatas

MECP2 genom editalt majmok az autizmus rengeteg
tinetet mutatjak



Védekezés uj korokozokkal szemben
Afrikai sertespestis virusa
.-—ipl'ilistﬁl hazankban is kimutathato Modern lehetdségek:

~Gyogyithatatlan, karantén betegség »Ujgenericios rekombin:ins vakecinak

. : . hossziu fejlesztési ido
»Vakcina nincs ( ] )

~Precizios nemesites: genom editalas
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Afrikai varacskos diszné- Genom editalas: Edlt[t,reﬂszteﬁg

e CRISPR rendszer hazisertés
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varacskos disznora Jellemzu rezisztencia. Egyetlen mutacio nagvioku, S mutacio teljes
rezisztenciat eredményez. Skociaban elkésziilt mindkét valtozat. A NAIK-MBK is
készen all technologiai értelemben.



Védekezeés uj korokozokkal szemben
Afrikai sertespestis virusa
~2018-ban valoésziniileg megjelenik Modern lehet6ségek:
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Afrikai varacskos diszné- Genom editalas: Edltlt,remszteﬁs

b CRISPR rendszer hazisertés

L I N

varacskos disznora Jellemzu rezisztencia. Egyvetlen mutacio nagyfoki, S mutacio teljes
rezisztenciat eredmeényvez. Skociaban elkésziilt mindkét valtozat. A NAIK-MBK is
készen all technologiai értelemben.



Védekezés uj korokozokkal szemben
PRRSYV rezisztens sertesek
» Gyogyithatatlan, betegséeg

» Hatékony vakcina nincs

el
Fertozott, beteg allomany Genom editalt, rezisztens
allomany
A virus egy sertés receptor molekula segitségével jut be a sejtekbe, ez a CD163. A

génben létrehozott mutacio miatt az editalt allatokban nincs CD163, igv a virus

képtelen fertozni. A CD163 hianyos allatok semmilven termelési tulajdonsagban
nem kiilonboznek egv normal sertéstol.



Mas fajtakban meglévo kedvezo tulajdonsagok
azonnali bev1tele a fajtajelleget megtartva

Holstein. Tiilokkel rendell\enk, Hagyomanyos megoldas.
veszelyt jelent.

Angus fajta,

Etikailag, orvosilag aggalyos.  pem yendelkezik tiilokkel.

Genom szerkesztett Holstein allatok, hasonlo mutacioval mint az Angus. A bikaborju tepek 15%

_kal macasabb hasznot erhetnek el. (Mindent olesobb tervezni. mert az allatok nem veszelvesek.)



Tollmentes baromfi

Termeészetes mutans (baziscsere)

Nagyon hasznos lenne a tropusi
°' orszagokban a helvi fajtakban a
S muticio kialakitasa

A megfelelo sejtvonal készen all



Teljesen uj, magas hozzaadott értéket képviselo fajtak
létrehozasa specialis igényekre.

Hipoallergén tojas

IN VITRO GENOM MODOSITAS TYUKOKBAN
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Genom editalt allatok, nem termelik az allergén ovalbumin, illetve ovomucoid
fehérjéket tojasukban. Cél: olvan tojasban termelt vakcinak (influenza oltas),
melyet allergiasok is kaphatnak. Esetlegesen hipoallergén tojas étkezési célra.



Xenotranszplantacio- multkori eléadasbél

Allatbodl emberbe torténd szervatiiltetés

Probléma: azonnali kilokddés

A kilokodes kivaltoja egy sejtfelszini ,,cukor-oldallanc” mely
nincs meg az emberben (Gal-alfa-1,3-Gal)

Klonozassal késziilt KO
sertések, melyek nem képesek
ezt a sejtfelszini markert
szintetizalni. Gyakorlatilag
alkalmasak szivatiiltetésre.




PERV amplification primer

Sertés endogén retrovirus menetsités

PERV gRNA 1, 2 targeting site

PERV amplification primer

((WN(“MR“NM:WW((H‘MA“M: T CTTC T OO G AT CRMA TATGS (V3T TG ik |
UL O CAMEAST TAMBART TECT (LACTATE T AMGETC ATATAGEEACT THOC AR TICAGA S0 AMOMCU I AGK TGACET TE X CAGTALT WA TRALT T TTE TOCODEAMG TAUARATAGLA 700 T Th LA |
v««uwwuumun%

TOC C CAMGEE T TAMIALL TECL (CACEATT

T O CAKGE ST T AMIMT TTCT (OACCATT

WVOALA G AL TR LA T A TC AMOREC NALLL YL Y OAE WG FLAR TOALT L YT TR OGS NG N AG A C V00 ¥ TR Gk |
(M(uwnwum WALCE T TOMEIMG TR TEACT T CTTC TR OGH0A G CAS CANIABGA CY3C T TA LA A
CARS TICAGEA TOCANCMCLE I ASS TRALLL 0 TOCME AL THA TOACT ToCTTC TOOOU0GAE CASCAM CAGH C 750 T Th AN |
M CARE VYA T CAMEALT AR AT TE WM WACO WA TACL W T VR O0GAADE CACCAMACALGA € 08 1 TR N
TR GG 1 ICAGAA JUCARCALLE (AR MALCL T TG IACT T EALT LT 1 TREOAME M CANAAAA L YK T T
TXAMACRE TALLC L K OAETACG TN TCALT I TTC 160 IR OML CACCRA AGGA £ 700 T ThGARGL ]
CTATATAGEEAL € D60L CARS TYCAGGA TOCAMOMTE JEASETRACCT 10X TOCAGTACH TEGE TRACC 5.0 TTC TOOOOGEARE CAC CAM AGGA
AL :ﬁ:t UL AR T MGEA E AMCALL T
PG CARE T I MR KL ARLALLL TCALCL IE W LAGTALG 1A TGACL 111 C M LOAML CACARMLMLAL 1L T
mx(ramv('wml«(( TACAGAMGAR ALK FEIC CAAC TYCAGGR TICAACACIC IEAGS WACLT T0C TCOMEACG T0A TGACC T TTC 16K COGAMK CAC CAM TAGGA C TIC 1 TAGANGS |
JVAC SECE CORLTATE TTISMDANGSL E B CACAGHR ACE 395K CARC TICAGLA CAMCALTE IEASE WACCE X LCATACE FLON IGALS 1 CTTC 152000AGE CACCAM TAGGAL *3C 1 TA (Ao
PURACESAC YL O AN T TAMIALT MELT (LACEATC T IR ARCOL ITALAGEA € ML CARS 1A ECAMOACT € AGA WALEC I Y CMUTAG MM TIALT 15011 VI ODGGAMS R CMRRCAGUA £ 15€ 1 1A |
PIRACITEAC TG U MGG T TCAAGAAL PUCE CGRCCATT T TTRAGAAGCTL MALACACRIACT W CAAC TICAGLA TUCAMOAET (I A6 YACCE TUE LG TACE T ALT T T T TG000AAAM G CACAMCAGEA C T T TGN |
PRACRIAC (LA LT TANIWC Kutuuw;m(mmtmw TIUNGGA FOCAMCALLC AR ACLL JEE 7 06 TGO TEAA TSACC 6L TTC TEOOMGUME UAC AN UAG A 3L ¥ A0 |
Wuamvwm«.m €A CALAGEE AL CTRGL CAAC TICAGOA TOCAMACLC B ASA WACCC YL W OMETA L6 Y00 TUACT 162 TTC V6K OGN EC TATCAN TAGHA €750 T TR G004 |
w-mwuuw CACAGEEACT TG54 CAMS TICAGGA ToC GAOACTE I ASS TRALCE T00 TTOASTALG ToGA TRACT 05 TTC TR O0SGAGE CAC CAMLUAGGA 750 T ThGR AL |
wx(lm&(m(n{ O A IO AACACLE [ AR TRACEL TE TECMETAC TG TOACL 16T T OOt G DA CANGIAGOA € 0T 10k |
O BUALAGIIALK U CARC 1T AL KC AMCALLL| FACCL I0C CAS WAL T TGACL 6L T VOGO GEAL CAN CAGGA € Y0 1 D0 |
DG CAMS TTCALLA IECAACAEIC! L X CMETALG To6 TRACS T TTC TG0 006G DAL CARTAGGA C 790 T THGAAGS |
TOCL (GALEAY {£3 IO CAME TICAGGE ICANCMIC
PURACTIEAC T (1 (AL €7 S AN TCCT (GMCATE T WIEMANGEC € BAC AL € MAK CAM THAGA TC AR (B ACH IACEE TC X CHETACI 100 AL 17 TTC TOECOGAAN CAC CABALNAMC 12K 1 TAAN
PURALTE S ML UL UMM T TEANENAL DLLL CLACCATL T T AMGCC L IAVTALAGEE AL € M CAR 100 A L ARCALL G AGS JEALLL L YO AL A TOALL T 11 D O0GAAAE AL AN AGLA L 20 1 T |
PRACEEIAC O CL AT ICANINC TTCL CHACTATT T TIRAMAAGCCC SVOARMGE- £ B TH0C CAAC TTICAGGR TOC AACACTC [0 AGH TGACCL IO YCMEINCG TSR TOACT T CTTC TR O06GA B CAC AN ZAGGN CTRE T TG 406
TRACERAC T CC AN ™ AN TECL CRACCATE T TISMIDAAGSTL SAUACAGER M € 260 CARC TICAGEA TUCAMMCLC [ AGS BACCL IEC TCRE IO TR TRACT 5 TTC TROODGGMK AL OO MIAGHM 756 1 1A Ak |
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Gene drive- beépitett CRISPR rendszer, minden
utod genetikailag modositott

Normal Inheritance Gene Drive Inheritance
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Altered 1,.4,:
Gene g 5
a8

Altered Gene Altered Gene + Gene Drive

1 copy inherited from 1 parent 1 copy — 2 copies

50% chance of passing it on 100% chance of passing it on
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Image credit. Kevin Esvelt

*Szunyogpopulaciok tejes kiirtasa- okologiai
problémak?

*Csak a betegséget nem adja tovabb- jobb
megoldas



Erdekességek: Szuper-mini sertés haziallatnak

BAMA torpesertésbol (35-50 kg) novekedési hormon
receptor hianyos, 1600 dollar



Az elso6 genetikailag médositott emberi embriok/B-globin gén

E
5 ...gcatctgactcct(li?fi\?ll\zl\?ll\ll\'ll’f(l’(i‘-cl‘.'lf(l}'{ﬁ‘??tgccctgtggggc... 3 Edited allele
3' ..cgtagactgaggaC TTCTTTTTAGGCGACAGTGacgggacacceeg... 5 Oligo donor
5 gactcctGAGGAGAAGTCTGCCGTTACtgecet 3 WT allele
> > >
CD17(AAG>TAG) HBB
CD14/15(+G)
ssDNA
Tmnsfecﬂon{ s ] -
¥ P < TA cloning
e : , .:'> PCR .:> &
—— \ amplification Sequencing
DNA
S extraction
GACTCCIGAGGAGAAGICIGCCGITACTIGCCCIG GACICCIGAAGAAAARICCGCIGICACTGCCCIG

¥
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Wild-type allele ~ Edited allele




Erdekességek: Fajok ujraélesztése CRISPR
technikaval
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Meganucleases

*Archea, bacterial, algae origin

«Sequence recognition

Our tools: the meganucleases
Highly spegific DNA"sCissors.

PRECISION

BIOSCIENCES

GAATGATCATGACATGGATTAT

BIOTHERAPEUTICS

mulitple DNE therape

enable th € i
nsible for human

BIOTOOLS

are
for
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otein

Engineered DNE meganucle:
being used to engineer c:

disease models or optim
for the biomanufacturing of
vaccines and therapeutics.

PLANTSCIENCES

Custom DNE meganucieases
produced by Precision BioScien
enable ecific engineerin
row crops and biofuel feedstocks
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Uj Crispr rendszer: Single RNS alapt Cpfl rendszer

Cpf1
5' T-rich Staggered
PAM PAM target cut
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U6::crRNA Cpf1 Genome editing
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Van ami mégsem mikodik?

NgAgo

Argonaute from Natronobacterium gregoryi

dsDNA target

Phosphorylated ssDNA
as the guide

NgAgo

(Gao et al., Nature Biotech. 2016)



Mit csinalhatunk a nukleazokkal

*Olcson, gyorsan lehet barmilyen fajban TG
allatot késziteni

*Célzott modon (génkiiités)

*Génbevitel is (donorplazmiddal) vagy akar csak
egy oligonukleotiddal

*Allelcsere (akar 1 nukleotid csere 1s)



Szabalyozzuk, vagy ne?

»Szabalyozzuk

»Nem szabad a technoldgiat szabalyozni

» A szabalyozast a célok meghatarozasanal érdemes elvégezni
»Elonyok/hatranyok teljes és atlathato feltérképezése

» Az egész tarsadalomnak Kell elvégezni a dontést



GMO vs. genomszerkesztés a magyar
kozvélemény szemeében

GMO

<

® nem @ inkibbnem nem tudja inkabb igen @ igen

Y vgon



Ezt mar tényleg meg lehet csinalni!!!
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