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NAIK MBK AB

+ Nyal mint modellallat

+ Korai embriondlis fejldés vizsgdlata SRS

+ Betegség modell - cukorbetegség, sziv rendellenesség,
érelmeszedés

+« Bioreaktor - tejbe kivalaszthaté biolégiailag aktiv fehérjék
+ Transzgenezis ES sejteket felhasznalva

« Célzott genetikai médositasok létrehozasa lehetséges

+ Szovetspecifikus, id6ben szabélyozhaté médositasok

+ Madar Osivarsejtek tenyésztése, kimérak 1étrehozasa
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Transzgeénikus allatok eloallitas: lehetosegen
DNS mikroinjektalas

Spermium kozvetitett genbevitel

Retrovirus kozvetitett génbevitel

Lentivirus kozvetitett génbevitel
Transzpozon-transzpozasz rendszer felhasznalasaval
Minikromoszomak felhasznaldsaval

DNS 1njektalas spermatogoniumba

Transzgénikus SC ¢és ES sejtekbol magatiiltetéses klonozassal
Célzott génbevitel transzgénikus ES sejtvonalak felhasznalasaval

Transzgénikus spermatogonialis dssejtek beiiltetésevel

Genom szerkesztes - ZFN, TALEN, CRISPR/CAS9
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Transzgenikus egerek eloallitasa mikro-injektalassal
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Transzgenikus egerek eloallitasa lent1 virus vektor (LV)

transzdukcioval

LTR

——

CAG Promoter Riporter gén

DNS és LV 1njektalas

moédszerének 6sszehasonlitiasa

Lentiviral genome I—| gag H pol H env |-I

‘Pronuclear DNA microinjection
= DNA
Integrating vector Packaging plasmid - .
plasmid Ve o,
Iproml_ : v C Wadt ‘-_.« )

gag H pol —

I-—IPromI transgene —I : n a2 A /
</ S, —
! \ “ - . 3 ,-,‘
Transfection [ envelope plasmid Ol et ek
2937 cells s Zona pellucida
Lentiviral A - = Lentiviral

vectors

vectors
cultured germ-line stem

cells, somatic cells or
ZP-removed oocytes

Fertilized or
unfertilized cell

ONA-mictoecton |
LV gene transfer l

Offspring
Integration
Expression
| [ | | |
20
0 § 10 15
% of injected embryos

DNS és LV injektélés
hatékonysdgdnak
Osszehasonlitidsa (sertés)

GE



Transzpozon kozvetitett génbevitel
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Transzgénikus egerek eloallitasa

DNS mikroijektalas

1980: J. Gordon, first transgenic mouse
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Kimérak a tudoményban



http://www.ncbi.nlm.nih.gov/pubmed/752314
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DNS elektroporalas ES sejtekbe
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DNS elektroporalas ES sejtekbe
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Transzgenikus ES sejtvonalak alkalmazasa
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HOMOLOG REKOMBINACIO - CELZOTT GENKIUTES
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HOMOLOG REKOMBINACIO - CELZOTT GENMODOSITAS
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HOMOLOG REKOMBINACIO - KONDICIONALIS GENKIUTES
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TRANSZGENIKUS KIMERA EGEREK LETREHOZASA
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TRANSZGENIKUS ES SEJTEK AGGREGALTATASA GAZDA
EMBRIOVAL
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HOMOZIGOTA TRANSZGENIKUS EGEREK LETREHOZASA
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HOMOLOG REKOMBINACIO - KONDICIONALIS GENKIUTES
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HOMOLOG REKOMBINACIO - KONDICIONALIS GENKIUTES
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HOMOLOG REKOMBINACIO - SZOVETSPECIFIKUS RIPORTER GEN
EXPRESSZIO - KONDICIONALIS GENKIUTES
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Brainbow mouse

Three copies of the genetic construct allow for the expression of multiple fluorophore color combinations.
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Evans, Capecchi, Smitish - 2007 Nobel dij!

#72"\ The Nobel Prize in Physiology or
By Medicine 2007

"for their discoveries of principles for introducing specific gene
modifications in mice by the use of embryonic stem cells"

Photo: Tim Roberts/PR

Newswire, © HHMI Photo © Cardiff University Photo: Scanpix/Dan Sears
Mario R. Capecchi Sir Martin J. Evans Oliver Smithies
@ 1/3 of the prize @ 1/3 of the prize @ 1/3 of the prize
USA United Kingdom USA
University of Utah; Cardiff University University of North
Howard Hughes Medical Cardiff, United Kingdom Carolina at Chapel Hill
Institute Chapel Hill, NC, USA
Salt Lake City, UT, USA
b. 1937 b. 1941 b. 1925
(in Italy) (in United Kingdom)

* Martin J. Evans (elsO ES, EC sejtek)
e Mario R. Capecchi (homolog rekombinacid, neo, HSV-tk, hprt gén bejuttatas)

* Oliver Smithies (homoldg rekombinacido human sejtekben, mutans hprt gén javitas)
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Evans, Capecchi, Smitiesh - 2007 Nobel dij - torténeti attekintés

EC sejtek (Evans M.J.; Martin G.R. 1972, 1974, 1975)

EC sejtek microinjaktalasa egér blasztocisztaba (Papaioannou V.E., McBurney M.,
Gardner R.L., Evans M.J. 1975)

DNA microinjektalas sejttenyészeti sejtekbe (Capecchi MR, 1980)

Egér embri10 transzformalasa mikroinjektalassal (Gordon J.W. 1980)

ES sejtvonalak Iéterhozasa (Evans, M.J., Kaufman, M.H.; Martin G.R. 1981)

A human beta-globin lokuszba DNS szekvencia bejuttasa homolog rekombinacioval
(Smithies, O. 1985)

Csiravonal kimérak eldallitasa retrovirus transzformalt ES sejteket felhasznalva
(Robertson E, Bradley, A., Kuehn, M., Evans, M.; Gossler A, Doetschman, T. 1986)
Mutans Hprt gén kijavitasa egérben homolog rekombinacioval (Doetschman T.,
Thompson S., Smithies O. Nature.1987)

Mutagenezis célzott genmodositassal eger ES sejtekben (Thomas KR, Capecchi,
M.R. 1987)

Szovet- €s helyspecifikus DNS rekombinacio transzgénikus egerekben (Orban P.C.,
1992)

Indukalhato genmodositas egerben, Cre rekombinaz alkalmazasaval (Kuhn R.,
Schwenk F., Aguet M., Rajewsky K. 1995)

GE
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ES sejtek pluripotenciajat befolyasolo faktorok

N ul ESC.(Sx) 15/05/2011 13_05

+ KO-EM, 15%FBS, mLIF + KO-EM/F12, 15%SRL, bFGF
+ CD1 MEF + OF1 MEF

* tripszin + accutaz

+ ZDP, egész blasztociszta + mnincs ZP, csak ICM

+ AP SSEA-1 + AP SSEA-1, SSEA-4

+ in vitro differencidl6das + in vitro differencidlodas

+ teratokarcinoma képzés + teratokarcinoma képzés

+ ivarsejt kiméra + kiméra

Dr. Pribenszky Csaba, Time Lapse Video System, http://cryo-innovation.com, 2011
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HUMAN EMBRIONALIS OSSEJT-VONALAK
LETREHOZASA

ES sejt kolonia

'

megsemmisités 4mm |

embrio bank

92 eddig publikalt hESC sejtvonal (2005 nyara)

Martin F. Pera, eloadasabol GE




HUMAN EMBRIONALIS OSSEJT-VONALAK
LETREHOZASA

egér fibroblaszt taplalo sejtréteg

B =gl

ICM izolacio
human embrio letapadt ICM

Yo
. o
4

& huminESsejtkoloniaz.

ICM csomé ICM csomo izolalas B

« SSEA-1 negativ, SSEA-3, SSEA-4 pozitiv, AP pozitiv, Oct4 pozitiv, telomerdz pozitiv
*  bFGF, egér taplalo sejtréteg, aktivin

nem tripszines passzalas (kis agregatumokban)
- EB, teratokarcinoma formalas

Homolog rekombinacio, GFP transzgeénikus hESC

Thomson, 1998
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Humén embrionél NIH Human Embryonic Stem Cell Registry

Research Using These Lines is Eligible for NIH Funding

stemcells.nih.gov

#Z U.S. Department of Health & Human Services The lines listed below are eligjble for use in NIH funded research. Those lines that carry disease-specific mutations
are noted as such under the line name.

For guidance regarding applications proposing to use hESC see: NIH Guide Notices NOT-OD-10-020 and NOT-OD-10-
029.
m) National Institutes of Health

T D Into Health Eligible Lines: 351 (in 141 Submissions)
WETNNG. ENO0IVGTY W0, Feaee Sorted by: NIH Registration Number
Date/Time: 11/16/2015 at 11:50 PM

|
Home Current Research Stem Cell Research at NIH NIH Stem Cell Unit ’MH»S@”&\G@IKL-——_——
STEM CELL INFORMATION &%
‘\

General Information : ,m
Clinical Trials - =
Funding Information

Current Research .

Policy
Chen

consit
Site Map 2014

L

Eligible Lines:
Sorted by:
Date/Time:
369 (in 159 Submissions)
NIH Registration Number
10/19/2016 at 12:34 AN

Flow
Cytometry
Analysis

Glossary

Chen

insigh aCGH
plurlg Agilent
Mallo - a244K

miRNA NIH Human mRNA
Agilent Pluripotent Cell Agilent

8x15K Array. Database 4x44K Arra

megsemmisités &

8 Day EBs in FBS

‘EB_mesend’

SNPs
Illumina
1M_Duo

DNA
Methylation

Martin FE. Pera, eloa



dssejt vonalak
Egér EC sejtek
Human EC
Egér ES sejtek
Patkdany ES sejtek
Madar ES sejtek
Kutya ES sejtek

Majom ES sejtek
Human ES sejtek

Heér EG sejtek
Human EG sejtek
csirke EG sejtek
sertés EG sejtek

BEgér EpiS sejtek

Patkdny EpiS sejtek

BEegér iPS sejtek
Human iPS sejtek
Patkany iPS sejtek

EB Teratoma kiméra csiravonalba bejutas

+ +

+ + +

+ + + +
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+ + + +
+ +

+ + +

+ +

+ + +

+ + + +
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+ + + +
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Ossejt vonalak

Heér EC sejtek
Human EC
Egér ES sejtek
Patkany ES
Madar ES sejtek
Kutya ES sejtek
Majom ES sejtek
Human ES

Heér EG sejtek
Human EG

Csirke EG sejtek

Sertés EG sejtek
BEeér EpiS sejtek
Patkany EpiS
Hegér iPS sejtek
Human 1PS

Patkany iPS

LIE bEGF

AP SSEA-1 SSEA-3 SSEA-4 kiegészi-  (FGF2) egyéb kiegészitések
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Blastocyst

Fetus

Neonatal
testis

Adult
testis

Embryonic

Inner cell
mass stem cell
EGC | |
Primordial Embryonic p. - =
germ cell germ cell
Injection into Germline
? Multipotent blastocyst chimera
germline
stem cells
GSC /_/\ e
Spermato- Germline '\\;/ép e
tgomal I stem cell Injection into Spermato-
stem ce testis genesis
Stra8-EGFP szelekcio &
? Injection into Germline
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stem cell
? & —
Injection into Spermato-
testis genesis

Bob Crimi

Adult spermatogonial stem cells

SSCs (GSC)

Multipotent adult germline
stem cells

maGSCs (maGSC)
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Transzgenikus ES ¢s SC sejtekbol sejtmagatiilteteses
klonozassal (NT)

cytoplasm zona
pellucida

membrane of

the oocyte oocyte ———
nucleus
l enucleation isolated
fibroblasts
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l fusion and activation ( ﬁbrOblaSZt)
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complete embryo
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Genom editalasi technologiak

Integrases Cassette exchange
Donor o Donor dsDNA Donor
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http://www.molecularsystemsbiology.com/



http://www.molecularsystemsbiology.com

miosztatin mutacio / CRISPR

CRISPR konstrukcio

1. Exon 2. Exon 3. Exon
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The work was presented on 5 October at a meeting of the US National Academy of Sciences (NAS) in
Washington DC on human gene editing. Geneticist George Church of Harvard Medical School in
Boston, Massachusetts, announced that he and colleagues had used the CRISPR/Cas9 gene-editing
technology to inactivate 62 porcine endogenous retroviruses (PERVS) in pig embryos. These viruses

are embedded in all pigs’ genomes and cannot be treated or neutralized. It is feared that they could
cause disease in human transplant recipients.

Church’s group also modified more than 20 genes
in a separate set of pig embryos, including genes
that encode proteins that sit on the surface of pig
cells and are known to trigger a human immune
response or cause blood clotting. Church declined

to reveal the exact genes, however, because the
work is as yet unpublished. Eventually, pigs
intended for organ transplants would need both

these modifications and the PERV deletions.

ableimages / Alamy Stock Photo

The gene-edited pigs will be raised in isolation

Preparing for implantation
from pathogens.

“This is something I've been wanting to do for

almost a decade,” Church says. A biotech company

that he co-founded to produce pigs for organ transplantation, eGenesis in Boston, is now trying to
make the process as cheap as possible.

GE
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Transzgeénikus allatok eloallitas: lehetosegen

CELZOTT hatis technikai

technika vektor célzott sejt vektor hossza T e fole nehézség
DNS zigéta sejtmagja | 50-1000 kb | nem lehet ++ e
Virus 2k got.a = 5-10 kb nem lehet SR e
perivitellindris
J\UVSCSI Transzpozon z1g6ta
inj i (SB, PB) e 50-100 kb nem lehet r =
ZFN, TALEN, 18b
z1glta sejtmagja P lehetséges = S
CRISP?/CAS9 célszekvencia
Mesterséges o : .
kromosydma | 78012 sejtmagja 100-2000 kb | nem lehet + +4t
DNS 100-2000 kb o+
ElektI’O- Virus 5-10 kb Sy,
porélés = Gssejt, test1 sejt lehetséges =
liposzéma Transzpozon 50-1000 kb +++
DuﬂaNsszalu 19-23 bp —




UV mutagenesis
Altenburg, 1928)

1930

Genom modositasi technologiak

Group Il Introns
(Karberg, 2001)

ssDNA recombineering
(Ellis, 2001) .
Synthetic HCV
(Blight, 2000)

dsDNA recombineering '\

(Zhang, 1998)

Chemical mutagenesis
(Auerbach, 1947)

Sanger sequencing
(Sanger, 1977) .
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John B. Gurdon

John B. Gurdon eliminated the nucleus of a frog egg cell (1) and
replaced it with the nucleus from a specialised cell taken from a
tadpole (2). The modified egg developed into a normal tadpole (3).
Subsequent nuclear transfer experiments have generated cloned
mammals (4).

Shinya Yamanaka

Shinya Yamanaka studied genes that are important for stem cell function. When he transferred four such
genes (1) into cells taken from the skin (2), they were reprogrammed into pluripotent stem cells (3) that could
develop into all cell types of an adult mouse. He named these cells induced pluripotent stem (iPS) cells.

iPS cells can now be generated
from humans, including patients
ey with disease. Mature cells including
=) ‘ ' . nerve, heart and liver cells can be
. derived from these iPS cells, thereby
allowing scientists to study disease
mechanisms in new ways.
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The Nobel Prize in Physiology or Medicine 2012 was awarded jointly to Sir John
B. Gurdon and Shinya Yamanaka "for the discovery that mature cells can be
reprogrammed to become pluripotent”
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