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Program prednasky:

e asistovana reprodukce u zivocichl
prehled a praktické aplikace

e klonovani zivocich{
partenogeneze
splitting techniky
klonovani pomoci tvorby chimeér
metoda transferu jader (SCNT)
tvorba cybridl
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ASISTOVANA REPRODUKCE
U ZIVOCICHU
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Inseminace u hospodarskych zvirat:

e moznost kryokonzervace spermii (40. leta 20.
stol.)

e minimalizace po¢tu chovnych byk( . |
of 2

e experimenty s transplantaci :
spermatogonii: umela |

produkce vynikajicich ==
plemenikd e
e tfidéni spermii . ﬁ &
(uplatnéni v cileném chovu skotu -
O W -

na mléko nebo na maso)
uspésnost ~90%

£
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Asistovana reprodukce u hospodarskych zvirat:

e hormonalni stimulace = superovulace -
inseminace - vyplach embryi = transfer embryi
(ET) / kryokonzervace embryi

e Uspésnost: 60-75% po transferu Cerstvych embryi
35-45% po kryoembryotransferu

Ryuzo Yanagimachi (1998)
e experimenty s lyofilizaci spermii
e nutnost ICSI
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In vitro fertilizace u hospodarskych zvirat:

IN VITRO
FERTILIZATION

RETRIEVAL OF
OOCYTES

CULTURE
57 DAYS,

i

FERTILIZATION

(IN VITRO) /
BLASTOCYST TRANSFER
: TO RECIPIENT
o M

) CALF PRODUCTION
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Obchodovani s embryi skotu

e rychlé zkvalitnéni chovu zvirat (aukce embryi)

e superovulace , inseminace , vyplach embryi
(od 1 krdvy 5-6 embryi, max. kolem 20)

e produkce embryi pomoci IVF
(odbér oocytll z tél krav na jatkach nebo zivych
zvirat - opakované i béhem brezosti)

Problémy u ostatnich hospodarskych zvirat:
 ovce, kozy - neekonomické

* prasata - problémy s polyspermii pri IVF
« koné - nutnost ICSI
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Teruhiko Wakayama a
Ryuzo Yanagimachi
(1998)

e vytvareni funkcnich
oocytl transferem
jadra z polocytu u
mysi (Uspesnost
metody 30-57%)
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Snaha ziskat potomstvo od zvirat v co nejnizsim veku

e hormonalni stimulace nedospélych zvirat
(jehnicky: 6 tydnd, jalovice: 2-6 mésicl)

e odbér oocytl z nenarozenych samicich plodU

John Eppig (Jackson Lab)

zivé potomstvo z primordialnich
oocytt kompletné kultivovanych in
vitro

(mysak Egbert)
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KLONOVANI ZIVOCICHU
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Metody klonovani zivocichl

e partenogeneze
e splitting techniky
e tvorba chimér
e prenos jadra somatické bunky
(SCNT, Somatic Cell Nucleus Transfer)

« vnitrodruhové klonovani
« mezidruhové klonovani = tvorba cybrid(
(= cytoplazmatickych hybrid()
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(1) PARTENOGENEZE

e prirozené u bezobratlych (hmyz) i obratlovci
(jestérky, hadi, ryby, obojzivelnici)

Savci - aktivace partenogeneze /n vitro:

« mys (forelimb bud stage), ovce, krava, prase, kralik
(11 dni), opice, primati (implantacni stadium)

« poruchy v requlaci diferenciace (extraembryonalni
tkaneé a mesoderm) — geneticky imprinting

« zivotaschopné mysi (partenoti) — rekonstruovana
embrya ze dvou maternalnich genomu
(Kono et al., Nature 428, 860-864, 2004)

Bi8120 Aplikovana bunécna biologie - jaro 2011 - 06 / 30.3.

13



Partenogeneze u Cloveka

e spontanné /n vivo u nékterych typt germinalnich
tumord{ (teratomy ovarii)

» partenogeneticky chimerismus u pacientd s
vyvojovymi nebo sexualnimi poruchami

- indukovana partenogeneze /n vitro (stadium
blastocysty: 5-6 dni vyvoje)
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Cibelli et al., 2001
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(2) SPLITTING TECHNIKY
e rozdeleni embrya behem casnych stadii vyvoje
mikromanipulacnimi technikami

e 1892 — Hans Driesch (morska jezovka)
1902 — Hans Spemann (zaba)

« praktické aplikace v chovu skotu (v kombinaci s
dalsSimi metodami AR)

» Uspésnost pri déleni na max. 4 Casti

STeRl =
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Earty embryo
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2000 - Gerald Schatten

e klonovani makaka splitting technikou [#

* rozdéleni embrya na 4 Casti:
1 Zivé mlade - samicka Tetra
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(3) KLONOVANI METODOU TVORBY CHIMER

e fuze embryonalnich kmenovych bunék = ESCs

(somatické bunky) s tetraploidnim embryem:

tetraploidni bunky = trofoblast
diplodni ESCs = embryoblast

« Janet Rossant et al. (PNAS 1993): klony mysi

Diploid ES

Tetraploid Fetus is Placenta s Mouse that is borm
embryo ES cell-derivec  tet-aploid embryo-derived  is generated only
{non-viable) from ES cells

MR

Bi8120 Aplikovana bunécna biologie - jaro 2011 - 06 / 30.3.

18



A  tetraploid embryo
from @
Fit1+/lacZ intercrosses

Flt1+/+
maternal tissue

trophoblast

visceral
endoderm

¥

PCR genotyping
of Fit1 locus

FIt14/4 ey Flt1+/+ FitllacZNacZ o,  Fit1+/+
trophoblast mesoderm trophoblast mesoderm
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(4) PRENOS JADRA SOMATICKE BUNKY (SCNT)
e jadro somatické buriky vneseno do enukleovaného

oocytu.

a) elektrofuze
b) intracytoplazmaticka injekce diploidniho jadra

Somatic body cell with desired genes

Nucleus fused with denucleated egg cell

‘\Iu::lcut. removed
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Remove DNA from egg

”Mj’*ﬁ' :I ES cells
e ﬁggragata
b Lymphocyte nuclel with tetraploid
- isolated and transfermed ambryns
q_'____, Transfer to

. at
Lymphocytes collected \"'Cﬁk}u “
from lymph nodes E&-cell-derived “ 3
offspring 4l

tzv. dvojita metoda klonovani
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50.léta 20.stol.:
experimenty na obojzivelnicich

pozdéji SCNT embryonalni bunky savci

Dolly: poprvé SCNT bunky dospélého savce
(Ian Wilmuth et al. 1997, Roslin Institute, UK)

dosud naklonovano 14 druh{ savci:

ovce, mys, krava, koza, prase, muflon, mula,
kbin, kocka, kralik, potkan, pes, vlk, velbloud

neuspéch pri klonovani primatl
(poruchy mitotického aparatu v dusledku
enukleace)
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1952 — SCNT u obojzivelnikl (zaby)

Robert Briggs (A ; 1911-1983)
Thomas J. King (B ; 1921-2000)
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VoL. 38, 1952 ZOOLOGY: BRIGGS AND KING 455

* Steinbach, H. B., Am. J. Physiol., 167, 284 (1951).

3 Lorente de No, R., J. Cell. & Comp. Physiol., 33, suppl. (1949).

{ Tobias, J. M., Ibid., 36, 1 (1950).

% Levi, H., and Ussing, H. H., Acta Physiol. Scand., 16, 232 (1948).

TRANSPLANTATION OF LIVING NUCLEI FROM BLASTULA
CELLS INTO ENUCLEATED FROGS' EGGS*

By RoOBERT BRrRiGGS AND THOMAS J. KING

INSTITUTE FOR CANCER RESEARCH AND LANKENAU HoOSPITAL RESEARCH INSTITUTE,
PHILADELPHIA, PENNSYLVANIA

Communicated by C. W. Metz, March 15, 1952

" Introduction.—The role of the nucleus in embryonic differentiation has
been the subject of investigations dating back to the beginnings of experi-
mental embryology. At first it was supposed by Roux, Weismann and
others that differentiation is the result of qualitative nuclear divisions,
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Fully
EgE differentiated
Skin Cell
Radiation
destroys

Enucleated
O=

Implant nucleus into egg

1970: John Gurdon
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1984 (1986) — Steen Willadsen

» poprvé klonovani ovci metodou SCNT

e jadro z bunék ryhujiciho se embrya, enukleovany
oocyt
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Adanar cell is taken from
a sheep's udder, Donor

‘,( Nucleus

Q ‘/ These two cells are fused
3, 1 _\ using an electric shock.
i

Egg Cel/, .
! 6 The nucleus ofthe 6 o
Tk egg cell is removed. :
An egg cell is taken ,/The eadenl

from an adult hegins dividing

female sheep.

narrmally.
Y ' ) 9
-~ W — o
Cloned Lamb | ﬁ} \ Embryo
J 44 The embryo The embryo is placed
develops normally in the uterus of a foster

itto & lamb—Dolly rmother.

Dolly
1996 - 2003
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Bonnie

Dolly
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The Maternal Nucleolus Is
Essential for Early Embryonic
Development in Mammals

Sugako Ogushi,>*3* Chiara Palmieri,® Helena Fulka,®* Mitinori Saitou,?
Takashi Miyano,* Josef Fulka Jr.?

With fertilization, the paternal and maternal contributions to the zygote are not equal. The
oocyte and spermatozoon are equipped with complementary arsenals of cellular structures and
molecules necessary for the creation of a developmentally competent embryo. We show that the
nucleolus is exclusively of maternal origin. The maternal nucleolus is not necessary for oocyte
maturation; however, it is necessary for the formation of pronuclear nucleoli after fertilization or
parthenogenetic activation and is essential for further embryonic development. In addition, the
nucleolus in the embryo produced by somatic cell nuclear transfer originates from the oocyte,
demonstrating that the maternal nucleolus supports successful embryonic development.

www.sciencemag.org SCIENCE VOL 319 1 FEBRUARY 2008 613
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1998, Japonsko (Ishikawa):
» 2 klonovana telata
* ,Roslin method", druhé klonovani dospélého savce

A P 5 ..'-.' > “n\.' ’.:. ‘I
AR O e
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1998, USA (Honolulu, Hawai):

« mysak Fibro

« prvni samci klon (fibroblasty ze Spicky ocasku
dospelého samce)

Ryuzo Yanagimachi
Teruhiko Wakayama
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2000, USA (Virginia) — PPL Therapeutics:
« 5 klonovanych selat
- modifikovana metoda (tzv. dvoijita)
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2001, USA (Texas):
« kocka Cc (Copy cat, Carbon copy)
« ,Roslin method"
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2003, USA (University of Idaho):
« mula — hrebecek Idaho Gem
- fetalni fibroblasty muly, enukleované oocyty koné
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2005, Korea (Seoul National University):
o stené SNUPPY (= Seoul National University Puppy)
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Empty donor egg from
mixed-breed bitch

DNA from 'fx

skin cell

in ear
Egg cell and DMNA

fused together and
cultured to trigger
embryo growth

Growing egg Afghan clone
implanted into puppy born
labrador surrogate

mothar
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2008 - prvni komercni klonovani zvirat
e RNL Bio (South Korea) - zavadéci cena 50 000 USD
e pitbull Booger — 5 klonovanych sténat
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2008 — mys klonovana z bunky mrtvé mysi, ktera
byla zamrazena 16 let pri teploté -20°C

e Wakayama et al. 2008, PNAS
e metoda: ntESCs + tetraploidni embryo

Bi8120 Aplikovana bunécna biologie - jaro 2011 - 06 / 30.3.

40



2009, Spojené arabské emiraty:
e velbloudice Injaz
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2009, Jizni Korea: Ruppy (Ruby Puppy)

Prvni klonovany transgenni pes na svete:

e priprava transgenni linie psich fibroblastl (gen
pro RFP z morske sasanky)

e reprodukcni klonovani s vyuzitim této linie (SCNT)

!
. ' f .
L\
R ll‘,..l., q 4 ﬂ g o % |
‘ . u’.-.l- 'itn.i-i-
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2009, Jizni Korea:
e stené Ruppy (Ruby Puppy)
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Table 1. Summary of cloned dog production.

Cloned dogs (breed)

Donor cells (age)

Delivery

Abortion or neonatal death

Two male dogs (Afghan hound)
Three female dogs (Afghan hound)

Two female dogs (Beagle)
Four male dogs (Beagle)

sewen male dogs (Labrador retriever)

Adult ear fibroblasts (7T-year)

Jang G, Kim MK, Lee BC:
Current status and applications of somatic cell nuclear
transfer in dogs.
Theriogenology 74: 1311-1320, 2010

Caesarean section
Caesarean section
Caesarean section

Laesarean section

Caesarean section
Matural delrvery

One neonatal death

One absorplion
Two still kirth and
One neonatal death

Matural delrvery/caesarean sectionOne dead pup

One dead pup
Three dead pups

Caesarean section/natural delrvery

One fetal death
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Klonovani metodou tvorby cybrid(

Cybrid (cytoplazmaticky hybrid)

e organismus / embryo vznikajici vnesenim jadra
somaticke bunky jednoho zivocisného druhu do
enukleovaného oocytu jiného druhu (SCNT)

e 2000 — muflon (— ovce), gaur (— krava)

zari 2007: v UK povoleno experimentovani s cybridy

» vkladani jadra lidske somaticke bunky do zvireciho
enukleovaneho oocytu (krava, kralik)

e cilem izolace hESCs
e cybridy budou udrzovany max. 14 dni in vitro
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Postup pri tvorbé cybridl

Whaole cell
from human

Extract
genetic
material or
wse whale cell

(o]

Mmass

would only eqq from
rabbit or cow

= Almast all
penetic
material

Human cell put into empty rabbit or cow eqq] | removed

Eqq divides to become cybrid, made up />
of 99.9% human and 0.1% animal, Cybrid =1 Unfertilised
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Klonovani metodou tvorby cybrid(

o plejtvak sejval (Balaenoptera borealis) — prase
e krysa — prase

e makak — krava
e Simpanz — krava
e panda Cervena (Ailurus fulgens) — kralik

e Clovék — krava, kralik, koza
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CLONING

Results may vary
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