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Hans Driesch, 1892
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FIGURETZ.]  Driesch's experiment: totipotency of sea uchin blastomeres. (A) An intact
4-cell sea urchin embryo generates a normal sea urchin larva (pluteus). (B) When one
removes the 4-cell embryo from its fertilization envelope and isolates each of the four
blastomeres, each cell can form a smaller, but normal, pluteus larva. (All larvae are
drawn to the same scale.) Note that the four larvae derived in this way are not identical,
despite their ability to generate all the necessary cell types. (Photograph courtesy of
G.Watchmaker.)




Hans Spemann, 1918
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FIGUREZ.2  Spemann’s experiment: nuclear equivalence in newt cleavage. (A) When
the fertilized egg of the salamander Triturus taeniatus was constricted with a ligature,
the nucleus was restricted to one-half of the embryo. Cleavage on that side of the
embryo reached the 8-cell stage, while the other side remained undivided. (B) At the 16-
cell stage, a single nucleus entered the as-yet undivided half,and the ligature was con-
stricted to complete the separation of the two halves. (C) After 140 days, each side had
developed into a normal larva. (After Spemann 1938.)




Robert Briggs and Thomas King, 1950s

1952

Rana pipiens

Abnormal

UV light destroys P embryo
nucleus, or it is removed ( ©.i ‘
with micropipette.

Differentiated Cell\‘
N nucleus is inserted

into enucleate egg.

Nucleus is

Differentiated cells are removed ,
isolated from tadpole in micropipette. Tadpole Occasionally, an adult
or frog embryo. frog develops.

"renucleated cell"



Brggs and King
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FIGUREZLS5  Percentage of successful somatic nuclear transplants as a function of the
developmental stage of the donor nucleus in frogs (Rana pipiens).Once a larva reaches
the“tailbud tadpole” stage (about 85 hours into its development), the nuclei from its
somatic cells have differentiated and are no longer capable of directing development of
a new individual. (After McKinnell 1978.)




John Gurdon, 1975

Frog tadpole

EXPERIMENT Frog embryo Q\//\/\/{;g egg cell
uv

+ Fully differ-
entiated
(intestinal) cell

Less differ-
entiated cell | ,-

/

Donor :’
nucleus |
trans-

planted l

1

Y Donor
Enucleated Y nucleus
egg cell trans-

Egg with donor nucleus planted

activated to begin
development

RESULTS

Most develop
into tadpoles.

Most stop developing
before tadpole stage.

Xenopus levis

kdyZ Gurdon pouZil jadra
pIné diferencovanych
bunék strevniho epitelu,

se
vyvinulo ve zdraveho
pulce

Journal of Embryology and Experimental Morphology 34:93-112 (1975)



2012: John Gurdon ziskava Nobelovu cenu

klasicky experiment byl publikovan v
roce 1962

Xenopus je evolucne primitivnéjsi nez
Rana pipiens

Gurdon rovnéz zjistil progresivni ztratu
potence s pribyvajicim vékem pulce, i
kdyz bufiky Xenopus si ponechavaly
svou potenci déle nez bunky Rana.

V experimentu Briggse a Kinga

transplantovana jadra z larvalnich
(1933 -) bunék produkovala dospélce, zatimco

v Gurdonovych experimentech

v




Reprodukcni klonovani
tym lana Wilmuta vytvari ovci Dolly v roce 1996

Egg cell is extracte
nu emove: ]
cell with a micropipette

Skotsti védci provedli celkem
277 transferl jadra somatické
buriky do ovcCiho oocytu.
Implantovali 29 naklonovanych
embryii a dosahli narozeni jedné
Sk klonované ovce - Dolly.

embryo

Embryo begins to
develop in vitro




TECHNIQUE
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RESULTS \i ; Lamb (“Dolly”) genetically
1”71 identical to mammary cell donor

@ Implanted in uterus l

© 2011 Pearson Education, Inc.



Keith Campbell (1954 -
October 5 2012



05/07/1996 - 14/02/2003

Ovce Dolly




Terapeuticke a reprodukcni

klonovani

H H O “I
Diabetic 1 The nucleus from a
patient | skin cell of a diabetic
patient is removed.

The nucleus is
removed from a
human egg cell.

egg cell

Nucleus of
skin cell

Early embryo

The skin cell nucleus
is inserted into the
L enucleated human
Enucleated egg cell.
egg cell

Cell cleavage occurs
as the embryo begins
to develop in vitro.



Terapeuticke a reprodukcni

klonovani
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Reprodukcni klonovani

= 1996 ovce

= 1997 mys

= 1998 krava

= 2000 prase

= 2002 koCka

= 2005 pes

= 2009 velbloud

= castecCné uspechy s honovém’mo



Capra pyrenaica ,bucardo”

= oficialne vyhlasena
za vyhynulou v roce
2000, kdy posledni
zname zvire bylo
nalezeno mrtvé v
severnim
Spanélsku

.y

Z polsedniho zijiciho zvifete, samiCky, byly v roce 1999 ziskany kozni biopsii
fibroblasty, které byly nasledné kryopreservovany.
http://www.ncbi.nlm.nih.gov/pubmed/19167744




= klonovana zvirata jiz byla i re-klonovana

= klonovana zvirata se rovnez zvladnou
rozmnozovat sexualne, i kdyz mnoho
klonovanych samecku je sterilnich (prvni
uspesné klony byly vsechny samicky)

= K.C., klonovana krava, ktera se narodila
na University of Georgia z bunky jiz mrtve
kravy porodila v prosinci 2004 telatko
Sunshine, které se zda byt ve vsech
smerech normailni.

(Pierce, J., Randels, G., (2010) Contemporary Bioethics. Oxford University Press, NY, Oxford. p. 260)



Klonovani mamuta?

= mamuti DNA by mohla byt vlozena do enukleovaného
oocytu slona indického

= pouzila by se bunka ziskana z nektereho ze sibirskych
mamutu zamrzlych v ledu

ovSem Sance na ziskani neporusené DNA je extremne
nizka.
mohli bychom ji ovSem sekvenovat a pak de novo

syntetizovat a neznama mista doplnit "sloni" DNA (rozdil
mezi slonem a mamutem je cca na 400 000 mistech)

a i kdybychom tuto intaktni DNA ziskali a vilozili ji do oocytu
slona indického, je tfeba brat vazné fakt, ze oba druhy se
oddelily cca pred 5 miliony lety a cela véc je podobna jako

NEAA

velkym problémem je také ziskani sloniho oocytu!

novinarsky napf. http://www.nytimes.com/1999/10/29/us/cloning-of-mammoth-is-unlikely-an-expert-says.html, jinak
na www.nature.com



Klonovani neandrtalcu?

= ...nebo spiSe Denisovanu?

= pokud by mamut mohl byt vzkrisen, pak
by to technicky mohlo byt stejne s
neandrtalci Ci spise s Denisovany.



GMO




NA CESTE K LEPSI MYSI

& r 3 n.' ..
Brlnster, School of Veterinary
Medicine, University of
Pennsylvania

f' 1 S8 o ”

V roce 1982 Ralph Brinster a
Richard Palmiter vytvorili
"transgenni” mysi vlozenim
genu pro rustovy hormon z
potkana do mysiho embrya.
Mysi, které v sobe mely tento
gen (VIZ obr. vievo)
produkovaly tento potkani
rustovy hormon a vyrostly do
dvojnasobné velikosti ve
srovnani s normalnimi
sourozenci.



GFP




(a) Tobacco plant expressing (b) Pig expressing a jellyfish
a firefly gene gene

© 2011 Pearson Education, Inc.




Zelena Generace

= Taiwan: DNA z meduzy
byla pridana do 265
prasecich embryi. Tato
embrya byla
transferovana do osmi
prasnic.

= Ctyfi z t&chto prasnic
zabrezly a narodily se tri
samci selatka

= Selatka jsou transgenni,
nebot v sobe obsahuiji

DNA ze dvou zdroju: z
rasete a z meduz




Zelena Generace

= Tato prasat jsou
zelena skrz naskrz.
Dokonce | jejich srdce
a vnitrni organy jsou
zelené

= Otazkou ovsem je,
zda z etickeho uhlu
pohledu...

= ...jevsechnov
poradku?




ANDI




ANDI

= transgenni makak rhesus ANDi obsahuje gen
pro zeleny fluorescentni protein (GFP) v kazdé
bunce svého tela

= gen pro GFP byl vlozen do virového vektoru a
Injikovan do prostoru mezi zona pellucida a
OOCV1.

= Vektor zakomponoval GFP gen do DNA oocytu.

= narodil se makak zvany ANDiI (= ),
ktery ma GFP geny ve vsech bunkach sveho
tela.

(Gilbert, S.C., Tyler, A.L., Zackin, E.J., (2005) Bioethics and the New Embryology. Sinauer Associates, Inc. W.H.
Freeman & comp. Sunderland, MA U.S.A. p. 196)






Frankenfish

= GM atlanticky losos doroste do
dvojnasobne velikosti nez jeho divoky
pribuzny
= do jeho genomu byly pridany geny dvou
dalSich druhu ryb—
the Pacific Chinook salmon a
uhori podobna ryba Zoarces americanus

= vysledkem je vySSi hladina rustového
hormonu, losos roste 1 v zime.

http://www.independent.co.uk/news/science/a-giant-leap-into-the-unknown-gm-salmon-that-grows-and-

qrows-2085856.html
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Fluorescentni mysi




GloFish
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Scientists make a butterfly glow
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US scientists have created
the first glowing butterfly,
by inserting two genes into
its DNA that give jellyfish
fluorescent properties.
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GM ROSTLINY




= 80 million akru pudy v USA osazeno
transgennimi rostlinami 30 variet
30 % veskere soji v USA je transgenni
50 % veskere repky je transgenni

= 300 million acres na celem svéte je
osazeno GM rostlinami - priblizne velikost
Aljasky

= kazda transgenni rostlina je testovana s

ohledem na bezpecnost pro konzumenty a
pro okoli



5.4 mihon hectares

(cancia, mae,

USA soybean)
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(soybean, ma2e,
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Mexico
0.1 mihon hectares
(cotton, soybeaan)

Honduras
< 0.05 million hectares™
(maize)

Colombia
< 0.05 mibon hectares
(cotien)

Paraguay
1.2 milion hectares

(soybean)

Argentina
16.2 midbon hectares
(soybean, maize,
ocotton)

Germany

< 0.06 mihon hactares

(ma2e)
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Brazi
5.0 madbon hectares

(soybean)

Uruguay
0.3 milion hectares
(soybean, maize)

Romania

0.1 midbon hectares

(soybean) China

3.7 mikon hectares
(cotton)

Philppines
0.1 mébon hectares

(maize)
Australia

\., 0.2 milhon hectares

. (cotton)
-
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D developed countnes
D developing countnes

South Africa
0.5 malon hectores
(maze, soybean,
cotton)




Casté typy GM rostlin

= resistence ke hmyzim skudcum
= Bt crops (Bacillus thuringiensis)

» tolerance k herbicidum
= deficience vitaminu A



Transgenni ryze
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Zlata“ ryze. Tato transgenni ryze obsahuje beta-karoten, ktery je
zdrojem vitaminu A. Tato ryze pomaha odstranit nedostatek

vitaminu A u poloviny svetové populace — ktera je zavisla na ryzi
jako hlavni potravme V soucCasnosti trpl 70% deti stari do petl Iet

,2Normalni“ ryze
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Zlata ryze

= Golden rice byla
publikovana 2000 v
Science

= Vv roce 2010 se
jesté nepestovala, v
roce 2011 se zacalo

= dnes Golden Rice 2
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Genetickeé inzenyrstvi u rostlin

A 4

= Zadany gen se vlozi do Ti plasmidu

Plasmid se vlozi do bakterie, ktera pak infikuje
rostlinu, nebo se

plasmid primo injikuje do rostlinnych bunek

Agrobacterium
tumefaciens

g; @ J,l DNA containing the

gene of interest
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Genetickeé inzenyrstvi u rostlin

= Velkou nevyhodou Ti plasmidu je, ze
Agrobacterium napada pouze dvoudelozné

= Priblizne polovina sklizne kukurice a sQji v
USA jsou GMO (geneticky modifikované
organismy)

= Mnoho transgennich rostlin obsahuje gen pro
resistenci k herbicidum

= Rostliny upravené k odolnosti vuci skudcum
snizuji uzivani chemickych insekticidu

= Snaha vytvorit rostliny schopné fixovat
vzdusny dusik (=nahrada dusikatych hnoijiv)



GM Jahodnik

= Steve Lindau vytvoril geneticky
modifikovany jahodnik
normalni jahodnik je nachylny na mraz
jeden z proteinu kvuli mrazu méni konformaci
Steve Lindau tento protein odstranil a jahodnik
prezije i mraz
tento jahodnim je povazovan za "geneticky
modifikovany" - termin je ovSem sporny
rostlina je povazovana za "transgenni”



Pripadna nebezpecCi

= Transgenni rostliny by mohly cizi geny
(napr. odolnosti proti pesticidum) néjak
predat divokym plevelum — nebezpecdi
vzniku ,superplevele”

= Vznika technologie pro vytvoreni
,geneticky modifikovaného ¢lovéka“



Synt-etika



Artificial life

= Mycoplasma mycoides
= 1,08 Mb

= synthetic cell” — only its genome is truly
synthetic




Synthia

= Craig Venter: "the first species.... to have
Its parents be a computer"

= James Joyce: "To live to err, to fall, to triumph,
to recreate life out of life"

= Robert Oppenheimer: "See things not as they
are, but as they might be".

= Richard Feynman: "What | cannot build,
| cannotunderstand"



Artificial life

= may one day
= metabolize the oll

= metabolize the carbon dioxide and thus
reducing the greenhouse effect

= making a new types of fuel
= farmacology: making a new vaccines etc.



Diskuse



Modifikace stejne délame...




Biomedical Research

= Bloterrorism

= Bioerrorism
- "superweed" etc.



Biomedical research

] O T e = Precautionary
' R (3 g STOP: ¥, Principle
RO Ly O s« When in doubt, pause

PRINCIPL 56 Fod ey
RINCIPE - PRECRUTIN

(mostly Europe)

= Proactionary
Principle

When in doubt, go
ahead

(Thomas Murray,
http://www.youtube.com/watch?v=1y4jt7oDrZI)




Ethics of Synthetic Biology

= The Presidential Comission for the Study
of Bioethical Isues:
= New Directions: The Ethics of Synthetic

Biology and Emerging Technologies
(16/12/2010)

= "prudent vigilance"

- "the field of synthetic biology does not require
new regulations"



What is the difference between a

postmodernist and a member of
the Mafia?

The Mafia makes you an offer

you can't refuse. A posmodernist
makes you an offer you can’t
understand.

*I'm gonna make him an offer he can’l refuse.”




