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Blrotexvoloyia Zwwv




Tu elvan Bloteyvoloyia;

[EVIKOC OPLOUOC

H gqpapuoyn tng texvoAoyiac yia tnv tporomnoinon n BeAtiwon
EvO¢ BloAoyikoU opyavicuou

Meplypadkdc opLopog

H gppapuoyn tng teyvoAoyiac yla tnv tpormoroinon tng
BloAoyikn¢ Asttoupyiac evoc opyaviouoU UE TNV MPOCTIEoN,
TPOTOTOLNUEVWV 1) Un, yovidiwyv aro aAAouc¢ opyavicuoug



Blrotexvoloyia Zwwv

Oa e€ETAOOVUE: KAwvormnoinon {wwv

Q\Q Alba, To pwadopifov Ao o 000
__ et StayovidLako KouveéAL P g
( " (2000) |

N -

F'ovibLlakn KAwvomnoinon
yla mapaywyn
bappakwv




Anpovpyio AtayovidLtakwv Zwwv

AvacuvOuacEVOoL Linker Based Sperm-
AmevepyomnolnMeEvol Mediated Gene Transfer (LB-
Petpoloi SMGT)

j/\t -

To oneppotolwApLO YOVLULOTIOLEL
10 wAapLo, petadEpovroc to EEvo
YOVidLo 0T0 WAPLo MoV Kot
EVOWMOTWVETOL OTO YoVISiwHa

Ta wapLa LoAUvovTtol TPV TtV
yoviponoinon

O L0C EVOWUOTWVETOL OE £Val
OLTtO TA XPWHOCWHATA



An p.toupvta AloyovidLakwv Zwwv

? Mate mice

Mikpoéveon
Wmhmgs YOVLOLWV GTOUG YOLHLETEG

out of oviducts

. Pronuclei
Sanst Fertilized
Inreresi Fertilized egg mouse egg

Microinject foreign
DNA into pronucleus

Suction pipette
holding egg

pseudopregnant
mouse

Micropipette
with DNA
solution

\ Implant eggs into

Pseudopregnant
mouse

[ovidlo elodyetal o APOEVIKOUG
T(POTIUPAVEG

DNA analysis

[ R R

Presence of
— P —- — ftransgene shown

by PCR fragment




Anpovpyia Atayovidlakwv Zwwv

MelovekTApota Twv HEBOdwv sivau:
*To eloayopevo DNA evowpaTwVETAL TUXOLiOL 0TO Yovidiwpa
Ta wapla nPENEL va GUAAEXTOUV Kol va yoviponotn®ouv in vitro

e[leploodtepa ano Eva aviiypado Unopei va evowpatwOoulv oto
yovidiwpa



Napadsiypato Atayovidtakwv Zwwv

AwayovidLakn ayeAada

AyeAddec tov pEpouv emnmA€ov aviiypada SU0 TUNWV
yovidiwv kaleivne kat tapdyouv 13% nepLoocotepn NPWTELVN
oTO YOAQ

Neploootepo OPENTIKO YAAQ, TTEPLOCOTEPO TUPL HE ALYyOTEPO
yaAa

H 60An napaywyn Bpioketal kAtw arno tov €éAeyxo tou FDA

H onpavtikn diadopa and arllec pe@odouc eival nmwe to
gloayopevo DNA bev ival €€vo



Napadeiypota Atoyovidtakwv Zwwv

EnviroPig ™

Alayovidiloka youpouvia tov ekppalouv tn
dutaon otoug oLeAOYOVOUG AOEVEC

To puTIkO 0L GTO YEUA YOUPOUVLWV
artolkodopeital aneAevBepwvovtac
dwodopo

O dwodopoc anoppodatatl arnd To youp

DuoloAoyikd To cUUTTAOKO PUTLKO
0éU/dwodopoc anekkplveTal ota
MEPLTTWHATA

’ ’ """
To MEPLTTWHOTO TWV YOUPOUVLWYV OTTOTEAOUV
Baolko pumavti MPoKAAwVTAG EUTPOPLONO
O€ TMOTAMLA KOt ALUVEC



Napadeiypota Altoyovidlakwv Zwwv
XpnotlponotlOnKe o MPoaywyEQG HLOG

AldVOVl& LA Kd LU dp LOL VT UKTLIKAG TPWTELVNG IOV OUVEEONKE ME

to GH cDNA
TAATLEeG Salmon GHeDNA
coding region
2oAopoc / Néotpoda ‘
| |
fatoyapo
Antifreeze Oé:g?:g?g#t
’ . Sal Sal
MrmopoUv va avarntuxBoulv €wg Promoter gt GHEDNA
, , , frompout 5 untranslated 3’ untranslated
kot 6 PopEC ypnyopotepa amno region region
o ll)('lpla dvplou TUTToU KaBwg n Beppokpacio tou vepol nedTeL TO
yovidlo GH evepyormoleital kat to Ppapt
Meploootepa eMUMAEOV ouvexilel va avéavetal evw 6ev Ba enpeme

avtiypada tou yovidiov tn¢
avéNTIKAC opovne growth

hormone (GH)
AlayovidLoko

AypLou TUTIOU




Avnou)iec otL ta untepPdpra Oa dpamnetevoouv otn duon av Kot eivalt
QUITOLOVWHEVA OLTTO TAL «AypLaL» AToBEpata

AwkaoAoynpéva epaoov ot dtapuyEg cuppaivouv ouyva (~14 ekart./£tog)

TL Oa cupBel o€ nepintwon dtaoctavpwong He ta aypia Yapra;

2€ TLELPAMATA TA SLayOoVIOLAKA APOEVIKA YOVIHOTIOLoUV 3X TTILo cuxVa amno
TOL LUKPOTEPQ AypLaL

Ou anoyovol Twv dtayovidLlakwv apoevikwv {ouv Katd 70% Alyotepo ano
OTL TWV AYyPLWV

Oa uropouoe auto va odnynoel o€ eéadavion Twv AypLwv NAnBuouwv, oe
anwAeLa BrormtoktAotntoag Kat e€adavion tov eidoug;

Fourteen month-old genetically engineered (“biotech”) salmon (left) and standard salmon
(right)



Napadsiypata Atayoviditakwv Zwwv
AvtupukTikeEC mpwteiveg (AFP)

AFPs yopunAwvouv th Oeppokpacia Ppuénc tov aipatoc Kat Twv Lypwv
H néotpoda puoilodoyikad dev emPBLWVEL O€ VEPO KATW TwV —0.6°C

Awayovidiokn néotpoda pnopel va {NoEL o€ vepA Kpua £wc —1.2°C

Seawater

Winter flounder

Ocean pout

Atlantic cod

Halibut

wild -
Atlantic salmon

1 +Antifreeze
transgenic Rainbow trout

Rainbow trout

00 -02 -04 -06 -08 -10 -12 -14 -16 -18
Freezing point, °C



GM: GloFish

To GloFish givau éva yevetika
tpornontotnpévo ¢pOopilov zebrafish

iy S k-ﬂ e
' : a
y ~
L Xi

To npwrto IT {wo nov €ywve
dnpoociwc dtaB£opno we
KOTOLKiO L0

To ®uoloAoyiko zebra fish

Napadeiypata
AloyovidLakwv Zwwv

Nwg;

Mote; 1999
Mou; MNavemnotApuLo Zykamoupng

Molog; Opada emoTnUOVWY
2LlyKamoupng

Mati; Ma va dnuovpynBet Eva Papt
niov Ba PpOopilel mapouvaocia toélvwyv
Tou TepLBaAAovtog

1) E€aywyn tou yovidiou duoloAoyLKAC
npaowvng dBopilovoac mpwteivng amo
uedovoa

2) eloaywyn tou yovidiou oto yovidiwpua tou
zebra fish

2 TN CUVEXELO QVATTTUXONKE:

* Lo OELPA KOKKIVWV dBopLlovtwy zebra
fish = yovidlo amod kopaAAL

e Kol Kitpwva pOopilovta zebra fish 2>
napaAAayr tou yovidiou tng pEdouvaoag



BlrotexvoAoyia kat Yysia

TTpoiov Xpnon

TvoouAivn Aiapitne
IvTeppepovn Kapkivocg
TvrepAcukivn Kapkivoc

AvBpwmivn AuEnTikn Opuovn Naviopoc

Neupo-evepyéc TpwTEIVEC TTovoc




144

Zwikol Broavtidpaotipec “Pharming

Pharming eivai n mapaywyn ¢poappokeutikwy o€ IT {wa va
TLEPLEXOUV TO E,svo vow&o TIou napava T0 d)apuou(o

AUTEC Ol KATOLKEC TTEPLEXOUV TO avOpwrvo yovidio yia tnv
ovTLOpOoUBwWTIKA MPWTEivVN MOV MOPAYOUV GTO YAAQ TOUC



Alpha-1-antitrypsin (AAT)

To 1997 to npoBato Tracy Tav To nPwTto dtayovidiako {wo nmou
TLOLPYAYE OLVOLGUVOUOLCUEVN TPWTELVN 0TO YAAQ TOU

Tnv alpha-1-antitrypsin (AAT) nov xpnotponotiOnke otn
Oeparneia tov EpdUOAMATOC KOl TNE KUOTIKAG iviwong

AnpovpynOnke ano tnv PPL Therapeutics & The Roslin Institute



Blo-xaAuvpoc
H Nexia Biotechnologies petédepe to yovidio
TOLPOLYWYN G LETAELOU OTTO OLPAXVEC OE KOTOLKEC

To aPOEVIKO TTOU MPOEKUYPE XPNOLUOTOLNONKE
yla va yoVIHoTtotoel ONAUKECG KATOLKEG IOV
noLPyayaV nocoTNTeC NPWTIEIVNG petaélov
OTO YAAQ TOUG

To petaéL e€ayeton, AvodiAiletal o aomnpn
OKOVIN KOl LETATPEMETAL OE (VEC IOV €ilval IO
OVOEKTIKEC KOl EUKOLUTITEC QIO OTL TO ATOAAL

H npwteivn xpnotpomnoteital yia tnv
KataoKeUN aAeéiodpatpwv YIAEKWV

."‘—_. Vs, ::.".. -f‘ ,
ALaYOVLIOLOKEC KATOIKEC
mou dEpouv To yovidlo
yLo To pETAEL




H GTC Biotherapeutics éAaBe tnv £€ykpLon va MOUAQEL
avOpwriivn avti-0pouivn (ATryn) pHeTd ToVv KOLOOPLOUO TNC QIO
YOAQ KOTOLKOLC

Qoto00 n texvoAoyia dev MePLOPLOTNKE OE AYEAADEC, KATOIKEC
KoL mpopata

‘Exouv Ndn xpnotpomnotnOei kouveAla epocov To KOGTOC
EKTPOPNC TOUC EiVaL CNHUAVTLKA XOLLNAOTEPO KAl O XPOVOG
YEVLAC TILO YPRYOPOG

KotonouAa nov mapayouv avacuvduaopueva Gapoko ota
ouya touc mapaxdnkav ano to Roslin Institute




Ti elval n BlLopaplaKEUTIKNA;

Avarntuén diayovidlokwv putwyv mou
ekPpalouV QPAPUAKEVUTIKA TpoiovT

Dappaka
Avtiowpata
Mpwrteivec



Moti va xpnotponotn0ei avtA n
TEXVOAoyia;

e Ta yovidia etoayovtat o€ puta (Kupiwg KoAQUTTOKL)

e Aev xpeldlovtol VEOL CUGTAOTO TTOLPOLYWYNG

e OL Mopaywyoi Hropouv va XpNGLHOTIOLQCGOUV
OPOLOOCLAKEG OTPATNYLKEC KAAALEPYELOG

e ZwKO cvotnpa $1000 - $5000 avd ypaHUApLo TPWTIEIVNG
e Qutiko cUotnpa S1 - $10 ava YpapHAPLO MPWTEIVNG



Bpwotpa EpBoAla — To ovelpo
BioteyoAoyika Quta yia Avipwrivec Avaykec Yyeiac

e To yovidéLo pog maboyovouv mpwteivnc
KAwvoroLeitat

e To yovidilo etoayetatr oto DNA touv ¢putou (natata,
MIovava, Topato)

e O avOpwrmol tpwve to Puto

e O OpYOVIOHOC TTOLPAYEL AVTILOWHOTOL EVOVTLOV TNC
na®oyovou npwTeivng

e O aAvOpwmoc aLvOoOTMOLELTAL EVAVTLO GTO TOOoyovo

e Mapadeiypata:
vAdppola
vHnatitidéa B
viAopad




BlotexvoAoyiKkn XUupoaivn

v'EvIupo yla To Tt Lo Tpoioviwy Tou
yaAaToc

vTovidio amo tn Oun

v Oa 6UAAeXOel a6 IT Baktrpla

v O AVTIKOTAOTHOEL TO £VIUMO TOU
pooyapLlou

2wporotportivn Bodlou

M v Aufdavel Tnv napaywyn yaAatog

= B vTovislo and ayehada

= iV v'H npwrteivn culéyetou and BaktipLo
S VAvtikaBotd thv pwrteivn rou
oUAAgyotav amno tnv umoduon
odpaylooHEVWV ayeEAAS WV




human cell containing .
gene of interest bacterium

Kat va pn EeExvape....

" DNA bacterial

protein | chromosome

synthesis

ALD s
human protein

of interest
Tnv napaywyn ano
Baktipla avlpwmnivwv
TPWTEIVWV, OTTWC
LVOOUALVN, TapayovTog
oitpropLAiac KAT

—recombinant DNA

transformation

20voyn tng KAwvomnoinong
yovidiou







CLONING
TIMELINE

From:

Cloning special:
Dolly: a decade on
Meredith Wadman
Nature 445, 800-801
do0i:10.1038/445800a

1998

Scientists at the
University of Hawaii
reveal the cloning of three
generations of mice from
the nuclei of adult cells,
suggesting the technique
could work on other
mammals.

1952

Robert Briggs and Thomas King
in Philadelphia, Pennsylvania,
describe how they cloned frogs
(Rana pipiens) by replacing the
nuclei of eggs with cells from
tadpoles and adult intestinal
epithelium. A similar experiment
was first proposed by Hans

1984

Chinese researchers
clone a fish

— the crucian carp
(Carassius carassius)
— from cultured
kidney cells.

1996

Researchers at the
Roslin Institute in
Scotland clone two
lambs — Megan

and Morag — from
embryonic cells. This
was a crucial step
towards cloning an

Spemann
atthe
University
of Freiberg,

Japanese researchers
report cloning eight calves
using adult cells from
slaughterhouse entrails,
raising the possibility that
animals could be cloned for
the quality of their meat.

1998

Scientists in New Zealand
announce Elsie, a clone
created from an adult cell
from the last surviving
Enderby Island cow (Bos
gaurus). Attemptsto clone
endangered species have

met with criticism that the
technique
willdo
little good
without
concurrent habitat
preservation.

(from Nature 405: 800-802)

animal from an
adult cell, and
is seen by some
scientistsas a
bigger breakthrough
than Dolly herself.

2000

PPL Therapeutics in Scotland
unveils a litter of five cloned
piglets. The firm says that
genetically engineered
cloned pigs could one day
provide a source of organ
transplants for humans.

1997

Roslin researchers
announce the birth of Dolly
the sheep, the first mammal
to be cloned from an adult
cell, igniting
public
debate
about the
prospects
for cloning
humans.

N
The first cloned cat (Felis
domesticus), named cc for
‘copycat’, is announced by
Texas A&M researchers.
Cc's coat patternis not the
same as her genetic
doner’s, showing
theimpact on
development
of non-
genetic
effects.




2003 2003 2004 2005

Italian scientists at the Laboratory French and Chinese scientists Although Secul National University Hwang’s lab announces
of Reproductive Technology in unveil Ralph the cloned researcher Woo Suk Hwang's claim Snuppy the cloned dog.

Cremona announce Prometea, the laboratory rat (Rattus to have derived stem-cell lines from Although much of the
first horse (Equus caballus) clone norvegicus). Rats had been tough cloned human embryos was later stem-cell research
created from a skin cell, raising to clone because rat eggs divide discredited, his group can still boast from this lab has been
hopes that clones could one day before the point at which the the most experience, discredited, Snuppy’s
perpetuate donor DNA is injected, so the and probably the A e clonal
the genetic technique relied highest number _ credentials
line of on using of cloned 7 have been
castrated drugs to ‘ human confirmed.
geldings. inhibit - embryos, but
division. 1 thereisno
hard evidence
for this. Heidi Ledford

(Nature 405: 800-802)



Dolly to mpofarto

e T[€vvnon: 5 louvAiov, 1996 T 14 ®eBpouvapiov, 2003
e kAwvonow0nke oto Roslin Institute oto Edingburgh

* TO MPWTO KAWVOTIOLNUEVO ONAAOTIKO OO WPLHLOL
CWHMOTIKA KUTTAapA HE Th Xprion netadopadg nupnva
* TIAPE TO GVOUA TOU amno tnv tpayoudiotpia Dolly Parton

2YNOHKEZ ZQHZ:

e [épaoe OAn tn¢ tn {wn oto Roslin Institute
® yEvVnoeE €L apvaKLa

e ota 5 1tn¢, n Dolly mpooBAnBnke amod apBpitda, pe BadlotikEC SUOKOALEC
e cuBavaoia etartiac mpoioloac ACOEVELOC TWV TIVEULOVWV

e — oto Roslin motevouv oTL bev umnpée cUVOEDN UE TO YEYOVOC OTL NTAV KAWVOC
® TETOLEC AOOEVELEC €lval CUXVEC O ecCWKAELOTA TIpOBata
® > ETPETE VA LELVEL HECA YLt AOyouC aoPpaAeiag



®uoloAoyikr KAwvomnoinon Zwovu
fovipomnoinon

KOTTAPO ME wapLlo amnod To onoio
TANPEG OET éxouv adalpebel Ta
XPWHOOWUATWY XPWHOCWHATA

. O Egg Cell Donor
'—‘-\_’ .‘

romosomes Sperm I

Egg

=

Surrogate

Mother O



rlatl val Kvaonomooup.s Zwa

RSN

Mévte yeVETIKA OpoLa KAWVOTIOLNHEVA YOUpOUVLOL

Mo va anavtnBolv epwtipata Ma nopoaywyn Gappudkwy
Baolkng BLoAoyiog

Ma tnv Kavomoinon Twv
emBupLwyv pog (kAwvonoinon
KOTOLKiOLWV)

MNna dtatipnon tng BromotkiAotntag

Mo ™ BeAtiwon tov {wikov
kedpaAaiov



H BlotexvoAoyla tTn¢ avanapaywytknc KAwvomnoinong

AKOMN KOl KATW OLTIO TLG
KOAUTEPEG GUVONKEG N
olyxpovn TEXVLKN
kKAwvormoinong iva oAU
OLVOLTIOTEAECLOLTLKA

(277 npoonaBeireg yLa va
tnv Dolly)

H kAwvomnoinon mapéxeL tnv

TILO ApEoN anodeLén otL OAa

TOL KUTTOPOL EVOC OPYOLVIGOU
potpalovtal to idLo yeveTIKO
anotunMwua

black-faced sheep

surrogate
mother



1998 — H xpovid Twv KAWvVwvV

Ermtioti HOVEG OTO ﬂavsmctnp.to tn¢ Hawaii kAwvornoinoav navw omno
50 movTikLo OTte WELHOL KUttapa 6r||.uoupvwvraq TPELG VEVLEG
TTOVOLLOLOTUTIWV EPYOOTNELAKWYV {WWwV.

210 uetaﬁu 6ta¢opm ETMLOTMOVEC aveﬁaptnta K)\wvonomoav
ETUTUY WG HLOOCYXAPLA XPNOLLOTIOLWVTOG SLOPOPETIKEG TEXVLKEG

Eldkotepa lanmwveg mopnyayav 8 YEVETLKA OOLO LOOXAPLA OTTO
kKOTtopa mou adatpeOnkav ano nALKIwHEVN ayeAada, HE MOCOCTO
erutuyiog 80%, TNV AMOTEAECHATIKOTEPN TPOooTIAOeLL
KAwvomnoinong Ewc ocnuepa



2000 — lotoplec yia LOioVdEC

Enmwotiipovec touv Oregon anokaAuvyav tnv unmapén
NG Tetra pLag KAwvonotnpévng paipouc. O
rhesus pokAKoO¢ SnovpynOnKe pe
Stadopetikn texvikn amno tn Dolly.
AnpovpynOnke pe to dtaxwpLlopd evoc mMoAv
MPWLLLOV EUBpUOV, amno 8 povo kuttapa, os 4
Koppatia. Auta KaAALtepynOnkav os vea
EuBpua aAAAd povo to Eva eNENOE.

‘Etol, avtifeta pe tn Dolly, n Tetra eixe pntépa
Ko tatEpa aAAd Sev eivatl 0 KAWVOC KAVEVOC.
Mpokettal LAAAOV yLa Eva TEXVNTO TETPASUMO.

EruntA€ov, to Roslin avakoivwoe tn yévva amo 5
YOUPOUVAKLO LE TN (i, LE OTOXO va
Xpnotwpornotn@ouv yia tn dnpiovpyia YeEVETIKA
TPOTIOTIOLNUEVWYV LLOOYXEVHATWV yLa
avOpwrnouc.




Carbon Copy (CC)- To mpwto

KAWVOTIOLNUEVO KATOLKIOLO

To 2002 enttotiipoveg ano to Texas A& M University avaxoivwda .
kAwvomnoinon yatac. H CC eivat 8i6upn HE TN YEVETIKA «UNTEPA

wotooo SLEdpepav oto XpwHa TN youvac, Aoyw nePLBAAAOVILIKWVY
TLAPAYOVIWV.

Elbika test anedetéav ot n CC eivat kKAwvog, av kot oxt “Carbon
Copy”

Ano ta 87 spdputevpata povo n CC emelnoe Ka yevvnOnKe

Aotpla Dépouvoa pntépoa Kat CC - .~

&M

(Science (2002) 295:1443) O Rainbow aplotepa pe tov kKAwvo tou CC



Prometea (MpopunO<og)

To mpwto kKAwvorotnuévo aloyo (Haflinger)
FevvnBnke: 28 Maiiou, 2003 otnv ltaAia

H Umtapén tou dnuooiomoliBnke otig 6
Auyouvotou, 2003

Awodikaoio KAwvornoinong

AQPN EMSEPULKWV KUTTAPWYV OO
dbopada

H 8otplra DNA Atav €niong Ko n A
bEpouvoa UnNTtEpa MOV YEVVNOE TO ‘
avtiypado tn¢

327 npoonadeleg anétuyav, HGVo o
Prometea enélnos

O npounB<ac to 2008 yévvnoe Eva
TLIOUAQPL, TOV ITYOLOO, TTOU XOLipEL
AKPOLC UYELOG

MpounB£ac Kal ryaoog



H O0An wotopla tnc KAwvomoinong 6&v
YIVETOL yLa TV avamapaywyn

H miBavotnta xpRong texvoAoyio¢ KAwvornoinong yta tnv avamntuén
OPYAVWV YEVETLKA OHOLWV HE TA SLKA LOLC YLOL LETOLUOOXEVCELC —

arogevyovtoc £Tol TNV anoppPn Twv EEVWV LOTWV

O peyaAvtepoc Kivdouvoc:

OL kKAwvol va dnovpyouvtat yia To LEPN ToU
OWHMATOC TOUC




foupoUvia Kat LotooupBatotnta

KAwvol ano youpouvakia mov dnpovpyndnkav ano tnv PPL
Therapeutics to 2000

Ta youpouvakia pEpouv Eva clwnnpo aviiypado tnca 1,3
YOAQKTOGUA Tpavoepaonc, N GT, Eva V(U0 TOU EUNTAEKETAL
otnv anoppPn opyavwv

MpokelpEvou va enitevyOeil cuppatotnta Eva dSeUtepoO
avtiypado tou yovidiouv GT Ba npEneL eniong va
oLItoEvVEPYonoLnOei



KAwvomnoinon anetAoUHEVWYV
ELOWV




KAwvomnoinon anetAoUHEVWV ELOWV
TpExovoa KoTaotoon

e O puUBLOC TWV ELOWV TTOU XAVOVTAL EMLTAXUVETOLL

= aAAayn evolaLTNHATWY

- punavon Kat poAuvvon reptBaAAovtoc

- dpawvopevo Bsppoknniov

= EMEKTAON TWV AVOPWTTILVWV KOWVWVLWV
e Eva ota técoepa {wa otn Aiota TwV ANENOUMEVWV
e Malikn peiwon twv {wikwv nTAnBuopwv

= anWAELA BLOTIOKIAOTNTOLG

- Helwon oTtaBgpOTNTAC TWV OLKOCUGTNHATWY



KAwvomnoinon anetAoUHEVWV ELOWV

TpExouoo KatTaoTaon

ETMUKPLTECD ALYOTEPECG EMEVOUOELC, KAAUTEPA ATIOTEAECHATA
EmKEVTpwon o€ peyala, wpaia Kat Xaplopatika {wao

- ouvalocONMATIKEC anodAcELC

Aomovoéula

= AoyiKn okEYPn

AvaAuTtikn Kot oALoTikn anoyn

EMITAOKN TOTUKWV KOLVWVLWV

H ouoia tou mpoBAnpatog: n ptwyela mov epLPAAEL TO
nepBAAAOV = gvioxuon TOMKWV KOWWVLWV



Eldkn meputtwon: AsonapdbaAn Amur

e To Mo omAvIo ALAOUPOELOEC GTOV
koopo (30 atopa)
= ANWAELX EVOLOULTANATOC,
AaOpoOnpia
o Apopuéia = Suopopdieg,
oTELPOTNTA

e Evéiaitnua: Pwokn Antw
AvortoAn

e Zwo uPnAnc mpotTEPALOTNTOC




Eldkn mepintwon: MoAwkn Apkouda

e Akpw¢ arnetlovpevo {wo

- AlWOLHO TTAyWV (Katomtwon, B . A
KUVAYL) ™,

e MpénelLva al\GeL evlilaitnua "8 N

1. Na BpeL mayo
2. Na taeL votia o ektpodeia

e Ektipnon: anwAeleg 35% o€ 50
Xpovia



H 10€a tnc BLBAoOnKkNnc DNA

Alatipnon tn¢ yovidlakng de€aevng He tn Snulovpyia
BLBALOOAKNC

1. AQYPn wotwv

2. KoaAAlEpyeLa KuTTApWV

3. Katapuén kuttadpwv o uypo alwto
To DNA sivai {wvtavo Kol LKoVO va avanopayel Eppuva
Kuttapa: nAnpnc oeipa DNA

Mrnopei va avatpéP et tnv e€alewn (eav ol cuyyeveic eival
StaBcopon)



Ta e€adovioHEVO KoL TOL TIPOAYHOTIKA OIELAOUMEVQL;

Mammoth

Mammoth Quaéga

Bucardo Gaur
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Cloming technique in preventing endangered species extinct

Blood sampling (cell)

\ / \ Cell culture




H kAwvormnoinon tov Gaurus

OnAndopo {wo

e |véia kat votioavatoAikn Acia

e KuvAytywa sport, peiwon twv nAnbuopwv
e H sm)\ovr] tou Gaurus

KOnong pe ayeAada AR S
- SduokoAia va avanapoxdet os {wWoOAOYLKOUC Knnouq

e JUYXWVEUON TWV CWHOATIKWY KUTTAPWV TOoU Gaurus
HE amUpnva woKuTTapa ayeAadoc

e Ta éuBpua petadépdnkav o pEpovoa untEpa
* MoAAéc amoBoAéc epBpLwV



Jwtnpia pe KAwvormnoinon;

Mepikoi miotevouv akpadavra,
gevw TtoAAoL BAEMOUV QLUTEC TLC
NPOOCTIAOELEC TEPLOCOTEPO WG
MUPOTEXVN QL

Na onUelwOeL n Xpon Tou otevou
OUYYEVLKOU £L80UC¢, TNG KOTOKidLAC
KOTolkoG, w¢ S0TNn avyou Kot
bEpouoac untéEpac
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FIGURE 15.8 Endangered and Cloned The animal

on the right, a Siberian ibex, was cloned from an adult ibex, but

the egg cell used In the procedure was donated by a common
mber 11, goat jike the one at left. The goat In the picture served as the sur-
y all the rogate mother in the procedure, giving birth to the ibex in 2004.

£ Alacriva



H kAwvomoinon tov Banteng

O Noah, évac K)\wvoq Banteng oV Snp.toupvneks anogtr/]v
Advanced Cell Technologies

Ta Banteng eival anethovpeva aypla Booedn ano tnv
NotioavatoAikn Acia

O kKAwvoc¢ dnuovpynOnke amno katePuypéEvo LoTto {Wou Tov EIXE
rne@avel to 1980. DNA tou L1otoU elonxOn o€ kuTTO PO WAPLAL
ayeAAddac Kat otn ocuvexela o AAAN pEpouvca UnNTEPA



Emuelpnuato Umep

‘Evac tpomnog va OspareVoou e To MPOBANHA TWV ANELAOUUEVWV
eldwv

To povo epyaleio mov dtaBETovpe

H kAwvormnoinon enttpenel va eMAEEOVULE TOUC KAAUTEPOUC KAl TOUG
UYLECTEPOUC OOTEC

Emyelpnuata avtl
KAwvoc = avtiypado tou dyprouv {wou 2> AAAEC oUVAOELEC
ocuumnepitpopac N pucloroyiog (e€nnEpwon)
Towg epnodioel Ti¢ tpoondBeilec va dtatnpnOei n mokiAia Twv
gvoLaLTNHATWVY

- (oW PVNTIKEC EMUMTWOELC 6 AAAa {wa
To npoPAnpa twv e€aeiPewv dev petwvetal
- KaAutepa: tata<n tnc Aabpodnpiog

Aivel AaBoc¢ evtunwon tng acdpaleiac (un dtatipnon twv
gvéLaLtnpatTwv)

MoAA£c antoBoA£g epBpLwv



No KAWVOTTOLGOUE TO HaLoLO

» Metadopa DNA tou
HaOVO o€ waptlo
eAEdavta

‘ fomeéoaﬁ/... "
A\ PLEASE shoot me. ) 5

» E¢adaviotnKe pv ano
4.000 xpovia




To emopevo Prpa;
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OL avBpwrmot €lval oL EMOUEVOL;

g N e 2001 — O 161KAC oTLC yovipomotnoelc otic HMA
gt Panayiotis Zavos pe pa Stebvi) opada
EMLOTNHOVWV AVAKOLVWVOUV OTL EKOTOVTASEC
(euyapla eivol EOEAOVTEC yLa TELPAOTOL
kKAwvomnoinong nawdiwv. H opada Bswpoloe otL
Oa avakoUPle pe avOpwrivouc KAWVOUC oTelpal
Ceuvyapla pExpL to 2003.

H Bpetavia yivetatl n mpwtn XWpea ToU VOULHOTIOLEL TNV
KAwvornoinon avlpwnivwv epBpuwv, otav n KUBEpvnon
EVEKPLVE £va aVILPATLKO HETPO HE OTOXO Va ETMTPEYEL TNV
gpeuva o€ BAaoTtika KUTTAPA Iov Bpiokovtol o€ EQBpua.

O KAwvol cUpdwva KE TN VEX VOLoBEeoLa EMPETE va
katootpadouv peta ano 14 pEPEC Kal N Snuiovpyia KAwWvVwv-
HWPWV TTOLPOLHEVEL EKTOC VOLLOU



Oa cuvexioouv ol avBpwrotl va mpoonaOouv;

e O Dr. Zavos avakoivwoe to 2004 oto Aovdivo otL epdpUteEVOE
£€va KAWVOTIOLNHEVO EUBPUO oTn HATPO HLog 35xpovng
YUVOLKOG. ALYEC LEPEC LETA AVOKOWVWONKE OTL N MPoonAfeLa
OLTLETU)XE

e Hopada:
1. tApe amo pa 35xpovn yuvaika Eva waplo 2.
OLVTLKOTALOTNOE TOV TUPNVA TOU ME TO YEVETLKO UALKO TOU Avodpa TG
HETEPEPE TO EUBPUO MOV MPOEKUVYPE 0TN UATPA TNC.




e 2004 — O Woo Suk Hwang, tou Seoul
National University otnv Kopea, ko n
opada tou BewpnBnkav oL TpwToL
TTOU KAWVOTIolNooV ETITUXWC
avOpwTilvo EUBPUO Kol 0T CUVEXELDL
emeAeéav ta faoika Tou BAaoTKA
KutTapa

To 2006, ta 6sdopeva tov Hwang
BpEOnkav mapanotnpéva. Auto
SNMULOUpPYEL EpWTAMOTA WE TTPOC
TNV aélomiotio oTNV £pEuva TNG
ovOpwrmivng KAwvormoinong



The Killer Task of Cloning

Copying mammals fails 98 percent of the time.

Fears surrounding cloning are based more in hysteria than in science. After all, producing a genetic duplicate isn't
exactly a trip to the Xerox machine; cloning is really hard. Researchers face significant drop-offs in success rates
at each step of the process, and less than 2 percent of their efforts produce a live animal. Dolly the sheep arrived
after some 250 attempts, and she lived only half as long as the average ewe. Until the science improves, there’s

not much to be afraid of. - Greta Lorge

How to
clone an

animal

1. Nuclear

Transfer

Replace egg cell's
nucleus with DNA
from the animal to
be cloned. Prompt

2. Cell
Division
Incubate the clump
of dviding cells until
it becomes a blasto-
Cyst, 3 precursor

3. Embryo
Transfer

Transfer developing
embryo 1o the uterus
of a surrogate mother.
Maonstor mom for signs

If all goes well,
a clone is born

Cloning
Efficiency

Overall success rate,
from egg harvesting

and nuclear transfer

to live birth

cell 1o dwide

[
e
Success rate

10 an embryo. of pregnancy.

49%

28%

210

%
€D
p
[ 13%
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Researchors haven't tnied to clone a human beyond
the early stages of the process, in pan becsuse of
ethical concerns
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Sources: Biology of Reproduction; Cloning and Stem Cells, Genetics and Molecular Research, Journal of Reproducton and Development. Jouwrnal of Reproduction
and Fertivty, Lancet Malecular Reproduction and Development, Nature; Nature Biotechnology, Nature Genebcs. Proceedings of the Navonal Academy of Sciences,
Repeoducnon, Reproduction, Fervlty and Development. Reproductive BioMedicine, Science; Thenogenology

VIRSTEINANIMALS ANIMALS, COW. PETER WEIMANN/ANIMALS ANIMALS. HUMAN ROBYN TWOMIEY

MOUSE: C SURVIVAL OSF/STERLMAMN/ANIMALS ANIMALS: CAT RENEE STOCKOALE/ANIMALS ANIMALS. SHEEP MIRIAM SiL



Primates join the club

Researchers have achieved to generate
embryonic stem cells from the cells of an adult
primate. The procedure used could provide
insights into a variety of diseases, if it can be
applied in humans.

2007 Nature



Remove unfertilized

s Primates join the club 2007 Nature

nuclear material

/ _n c; --—..\\_

\ 1
4:2 : %0 o = -
- S e e o Differentiated cells
Embryonic
Transfer - _ ) s )
e Ty Blastocyst stem-cell lines
/ . nuclear material
SN to oocyte
< S ;
Skin cells from

adult monkey

Byrne et al. treated female rhesus monkeys with hormones to induce the shedding
of extra eggs. After recovering these cells, they removed the cells’ nuclear genetic
material. Meanwhile, they obtained skin cells from an adult male monkey, allowed
these to multiply in culture, and then treated them to halt their progress through the
cell cycle once they had entered the resting phase known as GO. Next, they extracted
the nuclear genetic material from the skin cells and introduced it by electric pulses
into the nucleus-free eggs. The fused cells were allowed to reach the blastocyst stage
of embryonic development before embryonic stem cells were derived from them.
This could potentially lead to various types of differentiated cells.



BAoiotika KUTTOpA Kot BloAoyia avamapoywyng

Baowka Ospata yia Zulntnon:
1) Tuveivan BAaotka Kuttapa;

2) Moot eivan ot Baoikol Tumnol Twv BAaotikwv Kuttapwv
Kol TTOU BploKovtal;

3) MAeovektporta kat Melovektnpato
4) Tarti ta BAaotikad Kuttapa eivot T000 CNHOVTLKA;
5) T[oti n apdiofitnon yia ta BAaotikad Kuttapa;



Tt eivan ta BAaotika Kuttapa;

Ta BAaotika Kuttapa eivat eKTANKTIKA OLOTL:
MrmopoUv va SLapouvtol GUVEXWE SNULOUPYWVTOC
TTOLVOLOLOTUTIAL avTiypada Tou eautol toug (AuTo-
Avavewaon)

MNopapevouv aveldikeuta Xwpic «eldbkn» Aettouvpyla
n....

E¢elbikevovtal (Alodbopormolouvtal) £xovtac Tn
duvatotnta va opayouv navw oo 200
SLapOPETIKOUC TUTIOUC CWHOTLKWY KUTTAPWV



O Baoikoi TUmot twv BAaotikwv Kuttapwv

A. EufBpuaka BAaotika Kuttopa
e AmO anoPoAec epfpuwv

e BAaOTOKUOTEC IOV TtpoEP)OVTAL armo In-Vitro
YOVLUOTIOLNON OTO EPYOOTAPLO

B. EvnAwka BAaotika Kuttapa

e BAaotika KUttapa mov PpedBnkav oto aipa, LUEAO TwV
00TWV, CUKWTL, VEPPA, KEPATOELON, 0OOVTLKO TTOAPO,
oudaiio Awpo, LUeAO, HEppa, HUC, OLEAOYOVOUC
adEveC. . ..



OAa ta wpLua
KUTTtapa (ko
wpLna BAaoTika
KutTTapa)
TIPOEPXOVTAL OO
TPELG KUTTOPLKEC
OELPEC:

E¢wbdeppa
Mecodeppua

© Brooks/Cole ~ Thomson Learning

Red blood cell

Heart, blood vessels

Adrenal gland Adrenal
(cortex) gland

Retinal cell (medulla)

Smooth muscle
cells \
//// Gut muscle

Striated

S _{:’
7 Mammary
gland cell

Glands

i
Bones and
connective tissue

Exocrine cell
6 Shyel Epidermis
) Mesoderm
Pancreas
Urinary " Ectoderm
bI?IQder Skin cell
lining
Lungs Endoderm
Tracheal
cell
Pharynx Somatic cells

lining
/Germ line I “
Thyroid gland
\ A Cell division and
cell differentiation

Gamete-producing

cells
Fertilized ovum




Blastocyst

Totipotent
Morula

Human Fetus

Pluripotent
Inner Mass Cells

Circulatory System Q& Immune System

Nervous System

‘ Unipotent




MAeovekTnpota kot Melovektipata twv Eppuakwv Kot
Qpyuwv BAaotikwv Kuttapwv

EnBpuaka B.K. Qpwua B.K.
“Navtoduvoapoa” “NoAvduvapa”
(umopoUv va yivouv ortotodnmnote | (“mmopouv va yivouv moAAd po

KUTTOPO) oxL 6Aa”)
2tabepa. Mmopouv va KAvVouv Awyotepo Ztabepa. Meploplopevn
TLOAAEC KUTTOPLKEC SLALPECELC LKOVOTNTA QUTO-OLVOLVEWONG

Anpouvpyovuvratl eUKoAa aAAd ot | AUokoAa va anopovwOouv ano
BAaotokUoTEC KataoTpEPovTaL WPLHOUC LOTOUG

MBavotnta ardppwnc;;; EAayxiotonoinon anoppwdng




Mati n Epeuva ota BAaotika Kuttapa sivat
TOGO GNUAVTLKN ylta OAOUC HOC;

v Ta BAOLOTIKA KUTTOLPO ETULTPENOUV VOL LEAETHOOUE TO
TLWC Ol OPYOVIOUOL auEavovTtal Kal avomtuooovTol 0To
XPOvo.

v Ta BAAOTIKA KUTTOPOL HTTOPOUV VOl OVTLKOTOLOTH|GOUV
APPWOTA I KATECTPAMMUEVO KUTTOPO TTOU SEV HITOPOUV
va Oepareutouv N va avavewBouv ano pova Touc.

v MntopoU e va SOKLUACOUHE SLAdOpPEC OUGLEC
(bappaka kal xnuika) oto BAaoTiKA KUTTAPO.

v MITOPOUHE VO KOTOLVO)GOULE KAAUTEPOL TN KYEVETIKN
pnxovn» Hoc.



In vitro fertilization

ized egg
\ Morula Blastocyst Remove inner cell mass

|

Pluripotent stem cells

R

4 N

‘o )
Skincell g, Pancreaticcell
Nerve cell

3 P

Transplant t patient

Illustration by Cell Imaging Core of the Center for Reproductive Sciences.




[Molec aocBevelec emdbexovtal Oepamneia pe
BAaotika Kuttapa onuepa;

e Noooc tou Parkinson
e Aevyatuio (Metapooyxevoelc MueghoU twv Ootwv)
e Mooyeupata SEPUATOC LETA OO ooPapa eyKau paTa

H Bepamneia pe BAaotika Kuttapa €xeL tn duvatotnta va:
e Avay€vvnonc Lotwv / opyavwv

e Oepamneiac acbevelwv onwc dtaBAtng, moAAarmAn
OKANpuUvon KAT



Mati n dyyoyvwpuia yia ta BAaotika Kuttopa;

Ta EpBpuaka BAACTIKA KUTTAPO TTPOEPXOVTOL OO TLG
emunA£ov BAaotokUoTeLC TOU SladopeTika Ba eiyav
katootpadel HETA TNV UTtofonBouuevn avanoapaywyn.

H e€aywyn twv BAAGTOKUTTAPWYV KOTAOTEDEL TNV
ovantuooopevn BAaotokuotn (EuBpuo).

-EpwtNOELC yLa oKEYN-
Elvat to éuBpuo pra avlpwmnivn vapén;
Elvat nOwka armodektn n xpon Twv euBplwv yla Epeuva;
Mate yivopaote «ovOpwmniva ovioy;



H eocwtepikn Kuttapikn Mala eivat n NMnyn twv
EnBpuakwv BAaotikwv Kuttapwyv

N A section of
fertilized 2 cells Bsalls 16 cells blastocyst
mouse egg — 11, days —_— 2%% days 3days = ~ 4days

polar compaction

(W@ &

maternal and
paternal pronuclei inner cell mass

zon
pellucida

To EuBpuUo KATAOTPEPDETAL LE TO SLAXWPLOUO OE ATOMULKA KUTTAPA YLoL
TN cUAAoyYN TwV EUPLPUAKWV BAOGTOKUTTAPWV



EmunpocOeta ev Suvapel SIAquuata — OEpameUTIKN

KAwvornoinon ywa tn Anpoupyia Zuppatwv EpBpuakwv
BAaotikwv Kuttdpwv

Kuttapa ano onowadnimnote nnyn AAAn and povoluywtika didupa
endavifouv npofAnuata totoocvpupatotnrac Kat aroppdng

Enopévwe, mwe pmopouv va dnpioupyndouv cupfata BAaoTikd
KoTTOpQ;

Oa pnopovuoe va KAwvomotnOei Eva EuPpuo amo tov acOevn Ko va
oUAAeXOoUV spuBpuakd BAacTtokUTTOPO OTITO TOV KAWVO

Yriapxetl nOwkn dtadpopa avapeoa otn Ospanevtikn
KOlL TNV OVOIOLPOyWYLK KAwvoroinon;



