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H nAkkia Twv eufpOwv TOu MOVTIKOU eKPPALETAL WG O AKEPALOG APLONOG TWV NUEPWV
IOV €£XOUV TIXPEADEL Ao TO (EVYAPWHAK GUV ULOT) HEPK.



Ta wa dlaTNPOVVTAL OXETIKA EVKOAQ OTO EPYQTTHPLO.

‘Exel oxeTika uikpo kUKAO Cwng (9 €fopadeg).

KaBw¢g peAetaTal eviaTika emi SeKOETieq ULTIAPXEL OLABEOIUN X TEPACTIX TIOWKIAIL
MOPLOKWVY KOL N TEXVIKWV.

Eival OnAaoTiko.

AAANAovxnon yovidiwpoatog, 2002

(«An unfortunate feature of genetic model organisms is that the easier they are to work with,
the worse they are as models for the animal that most funding agencies find most
interesting, namely ourselves.» Daniel St Johnston)



Exel peyado kOukAo (wng (ya telpapatolwo).
MikpOG aplOUOC wapiwv / BNAUVKO ATONO .
ATtouTEITOL TIOAUG XWPOG KOl ELOIKEG EYKATAOTAOELG Yo Ta (wa.
To euPpuo AVOTITUOCETOL HECQ OTN PNTEPQ, ETOL ElVaL SUOKOAN N CUVEXNG TIAPATHPNON.

Aev gival eUKOAO va yivouv Xelplopol oto epfpuo, kaBwg umopel va emiBlwoet e€w amo
TO CWHA TNG MNTEPOG YL UKPO XPOVIKO SLACTNUA - UTIEPNXOYPAPNUA-TIAPEUBOCN



Avawmvo spouoloT#]v 40n npépa
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AKpaio
TUNHQ

AKPOCWHA KOL TTUPNVOG =
KEPOAL oTtEpaTOlWOPLOV

AKPOOWHO OTIOTEAEITA QTTO
€V(UA TIOV TIETITOLV
TIPWTEIVEG KOl CUUTIAOKQL
OOKXXPWV.

Ovupa: amoteAsita arto
UKPOCGWANVIOKOUG
(TOUMTIOVALVD).

H duveivn (mpoadévetal
OTOUG (LKPOOWANVIOKOUG),
SlaoTma to ATP Ttou
TIPOEPXETAL ATIO TA
LToXovopLa kat odnyetl otnv
Klvnon tou
omeppatolwapiov.

2t OnAaoTika Sev gival
WPLHK YLK YOVIHOTIOINGT TIPLV
BpeBovv cTO avaTMApaAyWYIKO
oUoTNHA TOU OnAukov.
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- Aktvwth (WVvn R AKTWVWTOG oTEPavVOoG (cumulus) — WOBNAAKIKA KOTTOPO— TIPOTPEPEL
oualeg TTov BPEPOLV TO WOKVTTAPO E TNV ATIOUAKPUVON TOL OTIO TNV WoBNKN.

- Awgavig ) dtavyng {wvn (zona pellucida) - dtapavng yAukompwTeivik otolBada —
EKKPIVETOL OTTO WOBNACKLIKA KUTTOPQ.



Aol TWV YOHETWVY: B.wapla

Blaotiko IoAwka

KLoTidlo owpata
—_—— O —_— > _—

IpwTtoyeveg wokvTTApPO Ipwtn petagaon Agbtepn petagaon OAoxAnpwon ¢ peiwong
Aokapida Ascaris Nnpeptivog (1 AwptdookwAnkag) Apgiofog 1} kepakoyopdwtod Kvidotwa (.. avepwveg)
Meoolwo Dicyerma Cerebratulus Branchiostoma Axvoi
Znoyyog Grantia IToAvyattog Chaetopterus Apgipa
[ToAvyairog Myzostoma Makakwo (okagomodo pakdakio) Ta neplocoTtepa Bnlaoctika
[ToAvyaitog Nereis Dentalium Yapia
AxnpBada Spisula IToAvyaitog Pectinaria
Exwovpoeidng Urechis IToAAd evropa

ZKUAa kat akemovdeg Aotepiag




H yovipomtoinon TmepLAauBaveEl  TéCooEPX
. ygyovoTta:

Ermagpn/avayvwplon  wapiov - omEpUaA-
Tolwaoplov. XTIC TIEPLOCOTEPEG TIEPITITWOELG
QUTO TO OTASLO €EATPAAICEL OTL Ol YOUETEG
ovnKkouv oto (1o gidoc.

PUBuLON TG €1l0060v Tou omeppatolwapiov
0TO WApLo. Mapeumodion TG TIOAVCTIEPUIOG
LE EVEPYO TPOTIO.

JUvTNEN TWV TIPOTIVPNVWV.

Evepyomoinon Ttou  PETAPOACHOU  TOU
waplov, WOTE va apxioEL N AVATITUEN.



H yovipomoinon meptAapavel técospa
ygeyovota:

JUvTNEN TWV TIPOTIVPNVWV.

Evepyomoinon tou MPETAPOALCHOU TOU
waplov, WoTE va apxloEL N AVATITUEN.




(B} MOUSE

(1) Sperm activated by female
reproductive tract

Flagellum Nucle Ac.rosomc

(2) Sperm binds zona pellucida

(3) Acrosomal reaction

(4) Sperm lyses hole in zona

(5) Sperm and egg membranes fuse




Ta&idL oTov Wwaywyo
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Principal piece Midpiece
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2ZTOXO0G: - AVAYVWPLoN CHHATWY Ttov Oa T 0dnynoouv ato auyo
- AKPOCWHUIKN avTidpaon
- CUYXWVELVON HE TN HEUBpPavVN TOV wapiov

Ta N evepyoTonpeEva oTiepaTtolwapla TtPoodEVOVTAL
EVEPYQ OTIG PEPPPAVEG TWV KUTTAPWY TOU WAYWYOU GTOV
LoBpo.

H tpoodeon sival tapodikn KAl avalpeiTal oo Tnv
gvepyotoinan. MOvo Ta uTtEp EVEPYOTIOLNMEVA
OTIEPUATOLWAPLA LTTOPOVV HE TLG KLVHTELG TOUG VO
OTtOKOAANB0oVV.

H mpoodeon autr @aivetal Ot

Avéavel Tn dwapkela (wng Tou omeppatolwapiov (a€non
NG TOAVOTNTOG YOVIUOTIONONG).

IeppaTolWAPLO TIPOTOESEUEVO OTIG
MEUBPAVEG TWV ETUONALOKWY KUTTAPWY TOU
woywyov.

ZUUBAAAEL OTO PPAYHO OTNV TIOAVOTIEPUIA (apaipean
LoBpov odnyet o avénaon TNG cUXVOTNTAG TIOAVOTIEPULAG).



1. Evepyomoinon

Serum albumin protein

(cholesteral acceptor)

horylation Hyperactivation

Phosp .
—® (sperm swim with
of tyrosine kinases I
# and force)
Phosphorylation of sperm proteins

Sperm
capacitation

H gvepyomoinon yivetat in vitro og antAd StcAvpata (cAfoupivn, Ca)



TadidL oTov waywyo:

Uters

Isthmus. =
(2-3 cm)

Ampulla /a0 '
{5-8 cm) : e

Head
—=

Principal piece Midpiece

BEil

Tail {flagellum)

VIOVO EVEPYOTIOLNMUEVA OTIEPATO(WAPLA ATIOKPLVOVTOAL.




TadidL oTov waywyo:

VIOVO EVEPYOTIOLNMUEVA OTIEPATO(WAPLA ATIOKPLVOVTOAL.




2. Avayvwpilon-ntpoacgdeon YOUHETWY

Egg cell
(B} MOUSE membrane

(1) Sperm activated by female
reproductive tract

Flagcllum Nudeu Acroscme

(2) Sperm binds zona pellucida

(3) Acrosomal reaction

(4) Sperm lyses hole in zona

(5) Sperm and egg membranes fuse




2. Avayvwplon-ntpocgdecn YOUHETWY

(ZP)
brane




2. Avayvwplon-ntpoacgdeon YUHETWY (WOKUTTAPO)
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Zona dﬂmﬂl" ZP1/13 ZP2i3

Normal matrix

LANDMARKS OF THE LY

ol
signal sequence (1-22)
homologous region
240

sperm combining-site
¥ (329-334)

A
hinge region
(220-260)
furin cleavage site

(350-353)

hydrophobic region
(387-409)




2. Avayvwplon-mtpocgdean YOUETWY (WOKUTTAPO)
(a) Control without competitor (b) Experiment with competitor
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2. Avayvwplon-ntpoacgdeon YUHETWY (WOKUTTAPO)
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@ 2000 Sinawer fscsociates, Inc.



Ta wapla amd OnAVKA& dTopa oTA
OOt €XEL  YIVEL  OTOXELMEVN
adpavotoinon Tou yovidiou Tou
Kwolkotolel TN ZP3 otepouvTal
Stapavoug (wvng:

(o, B) @uolohoyka wapla, (y, 6)
wapLa oo BnAuKA dTopa Ao TA
omoia amovoladlel n ZP3.

Amo Tn dnuooisvon Dean (2004) Bioessays 26,
29-38, pe adela amo Tov €KSOTIKO oiko John
Wiley & Sons, Ltd.



2TnV  KEQOA Tou omeppatolwapiov evrtotidovtal
«UTIOO0XELG» Yl TNV ZP3



2. Avayvwplon-ntpoagdeon yoapeTwy (oTteppuatol{waplo)

to Zona Pellucida Filaments
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Egg cell
(B} MOUSE -~ mcmbran StéSo 3:
. Wl AkpoowpiKN avTidpaon

(1) Sperm activated by female
reproductive tract

Flagellum Nucle Ac.rosomc

(2) Sperm binds zona pellucida

(3) Acrosomal reaction

3.
3
!
3

(4) Sperm lyses hole in zona

(5) Sperm and egg membranes fuse




3. H akpoowpukn avtidpaon: ansAevOépwaon vOPOAUTIKWY
evQOUWV

Intact Acrosome Acrosome Reaction
Acrosome Vesiculation is Com ple’re

Membrane—jEiRly  Enzvmes |
Fusion Released

[Tuprjvag
Kuvttapuay Mitoxovépla

pepppavn Kevipiohio /| Abovnpa

# Arcpmwparmé\
Kuatidio ;

Kegahy  Meoaio Akpaio
oméppatog TURpa ! T




3. H akpoowpukn avtidpaon: aneAevOépwon vdPOoAUTIKWY
evQOUWV

Sperm cell
membrane

gt | Fusion between
Acrosomal  SEFERR. | sperm cell membrane
membrane {8 2 [ and adjacent
3 & | acrosomal membrane

Nucleus
—_—

Centriole




3. H akpoowpukn avtidpaon: ansAevOépwaon vOPOAUTIKWY
evQOUWV

Outer acrosomal

Inner acrosomal

Plasma membrane membrane

Inner acrosomal
membrane

Nucleus

Acrosome intact Acrosome reacted




3. H akpoowpukn avtidpaon: ansAevOépwaon vOPOAUTIKWY
evQOUWV




Egg cell
(B) MOUSE ____ membrane 2Tt&do 5:

20VTNén YOHETWVY

(1) Sperm activated by female
reproductive tract

Flagellum Nucle Ac.rosomc

(2) Sperm binds zona pellucida

(3) Acrosomal reaction

D G0N LT e e Y S AT A SR

(4) Sperm lyses hole in zona

(5) Sperm and egg membranes fuse



5. 2uvTtnén yoHETWY

Binding of Acrosome-Intact Sperm to Egg ZP

plasma membrane

ead




1A)

H eman wapiov-omeppatolwapiov yivetal aTto AL Tou omeppatolwaplov .

DaiveTal OTL EVEXETAL ULX TIPWTELVN TIOV CUVOEETAL UE (VvTEYKPiveG N CDI.

H CD9 svtoni{etal otn peUBpavn Tov wapiov.

210 knock-out Tou CD9 ta OnAuka eival oteipa- amotuxia otn ouvtnén.

Mmtopel va yivel dtaowaon pe evean mRNA tou CD9.



5. 2uvTtnén yoHETWY

ovp3

WVTEYKPIvN

ADAM

061

WTEYKPLvN

WVTEYKPIVN




(A)

Equatorial region
of sperm membrane

s e 5. 2UvTNéN YOHETWV

AcTosome Izum
reaction
_F—.
[

Acrosome

i proteins
\'_—\ Microwvilli




H avtidpaon Tou pAolov

(E1 @) Equatorial segment
Nucleus of acrosome

Mitochondrion

JTO @AOWO TOU WOKUTTAPOL evToTmilovTal
KUOTIOLX TIOU TIEPLEXOUV TA (PAOLIKA KOKKIQL.

Kata tnv €icodo Ttou omeppatolwapiov T
PAOUKA KuoTISla cuVTAKOVTAL HE TN MEUPpavN
TOU  WOKUTTAPOU Kol OTeEAsUBepwWVoOVY  TO
TIEPLEXOMUEVO TOUG.



H avtidpaon tou pAolov
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H avtidpaon Tovu
@AooU &eKva e
™V aneAevBépwon
EvVOoKUTTAPLOV
Ca2+.

H ameAevBepwon apxilel amo to onueio €l00dov tou oneppatolwapiov Kat
OTN CUVEXELD ETIEKTEIVETAL. (ETAVW : axLvoc!!)



NMwg divetar To évauvoua ywax tTnv aneAev@épwaon Ca2+;

MHEUBPAVN wapiov

[T

LIRS T TR

o PR i
CH;—CH=— CH, C’:ri:r—EH—*fH: Evepyomoinor)

Atéyepon KUTTApIKAG
Siaipeang, atvbeon
DNA, petagpacn RNA

Evepyomnoinon afyol
Evfonhaopatiko
dikTvo




T evepyomoleil TN pwo@oAirtaon C;

ACTIVATION AFTER SPERM FUSION

(C)

Complete receptor

© .
= - Soluble factor~
<  f[romegg -
L g
Sperm receptor
for activating factor
from egg

Soluble factors
* from sperm

Endoplasmic
reticulum

YV V V VY

B) UTtap&n €L0KNEG PWOPOANTIACNG OTO KUTTAPOTIAQCHUO Tov oTteppatolwapiov (PLC)?




MeTavaoTeELon TTPOTTVPHVWVY

Zona Pellucida Oocyte

Decondensation

Pronuclei

Zygote

/. Pronuclei

Perivitelline
Space

Agv LTIAPXEL CVVTNEN TTVPNVWV.



[A) (B) (r)

KwnRoEL§ Twv mponupivwy Katd tn SLApKELA TNG YOVIHOToinong otov avlpwro.
MikpoowAnviokol (mpdaoctvo), DNA (urmAe). Ta BEAn umodelkviouv TV oupa TOU
onepuatolwapiov. (A) To WPLHO KN YOVIUOTIOLNUEVO WOKUTTOPO OAOKANPWVEL
Vv 1" pewwtikn Staipeon pe tnv amoPoAn evog moAlkou cwiatiou. (B) Kabwg to
oTEPUATOlWAPLO ELOEPXETAL OTO WOKUTTAPO (OPLOTEPA), OL HLKPOOWANVioKoL
CUMTTUKVWVOVTAL YUPW TOU, €VW TO WOKUTTAPO OAOKANPWVEL TN 2N MELWTLKN
Swailpeon otnv nepipépeta. () 15 wpeg peTtd T Yovipomoinon, ot &vo
TIPOTIUPHVEG £€XOUV TIANOCLAOEL, KOl TO KEVIPOOWHA Slaywpiletal yla va
opyavwoel eva dirmoAo Siktuo pikpoowAnviokwv. H oupad tou oneppatolwapiou
napapevel opatn (BEAog). (A) Ztnv mpopetadaon, Ta XPWHOCWHATA A0 TO
oTEPUATOlWAPLO KAl TO WOKUTTAPO AVAELYVUOVTAL OTNV LETOPAOLKN LONUEPLVN
TIAQKQ, KOL N MITWTLKN ATPOKTOC EEKLVA TNV TPWTN KITwTkA dlaipeon. H oupd tou
onepparolwapiov e€akoAouBel va elvat opatr).

(A6 Simerly et al. 1995, pe tTnv guyeViKA mapaywpnon tou G. Schatten.)

(A)




H yovipomnoinon ota OnAactika

ZITEQUOTOLWAQLO
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Egg cell
(B) MOUSE membrane

3

(1) Sperm activated by female
reproductive tract

Flagellum Nucle Ac.rosame

(2) Sperm binds zona pellucida

(3) Acrosomal reaction

(4) Sperm lyses hole in zona

(5) Sperm and egg membranes fuse
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Egg cell Z‘:“’O"IJ n
(B) MOUSE membrane

(1) Sperm activated by female
reproductive tract

Flagellum Nucle Ac.rosome

(2) Sperm binds zona pellucida

(3) Acrosomal reaction

(4) Sperm lyses hole in zona

(5) Sperm and egg membranes fuse




Pathway 2

Binding la yevikn yvworn....

Egg-ZP3

Acrosome reaction
Acrosome-reacted sperm

Bindin Pathway 1

g
Acrosome-reacted
Egg—ZPZ sperm

Movement through zona pellucida

Cell membrane fusion
Fertilization
Cortical granule reaction

Inactivation of ZP2, ZP3
Prevention of further sperm binding







Mo OElpa KUTTOPLKWY OLALPECEWY PE TIG OTIOlEG TO (UYWTO UETOTPETETAL OF
ML TIOAVKUTTOPN PAACTOKUOTN. Ta KUTTOPO KATA TNV OVAGKWON ovouadovTal
BAaoTopepidia.

2TIC MITWTLKEG OUTEG OLALPETELS Ogv UTIapxouv oL @aoelg G1 kot G2, aAA&
gevoAAayn Twv M kau S.

Kata tTnv awuAakwaon dgv avavetal To peye0og,.

‘ETol BAOOTOKUOTN KOL YOVIUOTIOINHEVO WAPLO £XOLV TEPITTOL TO (Olo peEyeB0g
(100pm).




[OVILOTIOINUEVO WAPLO, OTASIO 2 KUTTAPWYVY, OTASI0 4 KUTTAPWY, OTASIO 8 KUTTAPWV,
oLUTIAYEG MOPISLO, PAACTOKVOTN, EKKOAATITOMEVN PAQCTOKVOTN.

Euyevikn tapaxwpnon tou Dr K. Loewke, Stanford University.



MeploTpo@kn AVAGKWON

(A) Exwvodeppa (B) ©nlaotika
Kat apipia

Emninedo Emninedo Emninedo Eninedo
avhakwong Il avhdkwongl avAdkwong IIA avAdkwong 1

Eninedo
avAdkwong 1B

2TAOL0 4 KUT.




Méxpt To otaddlo Twv 8 KUTTAPWYV Ta KUTTAPA PBpiokovtar ot acBevy ocvuvdeon -
PTLAXVOVTAG EVA XOAXPO CUGCWHATWHA.

(A). Meta amd TNV TPITN KUTTOPIKN dSlaipeon Opwg, TA KUTTAPAK OXNMATi{ouv MIx
ogupmayn dopn auvéavovTtag TNV EMUPAVELX ETAPRG TOUG.

(B). Meta tTnv oUuMNEn Td KUTTAPX PEPOUV TNV EEWTEPLKN ETMUPAVELX HLKPOAXXVEG EVW
I ECWTEPLKN TOUG ETIPAVELX ElVOL Agic.



Mopiax kuttapikng cuvaelag (Cell adhesion molecules)

Cell—cell adhesion Cell-matrix adhesion

Calcium-dependent Calcium-independent
adhesion adhesion

Cadherin

Immunoglobulin superfamily

- i
e L e s e AR R TR TR R T R TR R LR L

T T

C
-
C
€
€

Integrin

P T T

laminin

extracellular matrix

i v W A R R R PR i,
E i i e e e e

Immunoglobulin superfamily
eg. M-C?\M

actin bundles




MeTaoAEG OTOV EVTOTILOMO OPLWV OTNV KUTTOAPLKY MEMPPAVN - TTOAwON (polarization)

1: MMoAwon pepPpavikwy cuoTatikwy o€ PAacTopepidia TTovTikou (A) Opoloyevng Katavoun- onuavon pe pdopilovoa
KovkaBoAivn A (opileL TNV TtEPLOXN) OXNUATIONOU SECUWV), OTO OTASLO TWV 4 KUT. (B) ETepoyevng TTOAWMEVN KATAVOUN

0TO OTASL0 TWV 8 KUT.
2: AvaoTOAN TNG TTUKVWONG PE TN XPNON QVTIOpoU evavTl TNG Kadepivng E. (A) PuoloAoylkn TTUKVWON ATOVGL AVTLOPOU.

(B) MOAAQTAQCLOOUOG TWV KUTTAPWY XWPIG OMWE TIUKVWOT TIXPOUCIA VTICWHATWY eVaVTL TNG kadepivng E.

Mopla KUTTAPLKRG CUVAPELORG TI.X. kadgpivn E.

Anpovpyia tight junctions petagd Twv edwtepikwv BAaocTopEPLSiwV.

MetaBOAéG OTOV KUTTAPOOKEAETO TI.X. OXNUATIOHOG HMIKpoAaxvwv (BonBouv o1n
Snpovpyia Ttwv tight junctions).

2T EOWTEPKA BAaoTONEPiISIO SniovupyouvTal gap junctions.



Mée TTOLOUG HNXXVIGHOUG ETILTUYXAVETAL | CUUTINEN;

Con A binding
concentrated at apical pole

Apical endoecytic
position

Basolateral alkaline
phosphatase staining

Basal nuclear
Early 8-cell Late 8-cell  position
Blastomere blastomere

E-cadherin

E-cadherin-based
adhesions initiate
and orient polarization




Mée TTOLOUG UNXAVIGHOUG ETTITUYXAVETAL | CUMTINEN;

Early
8-cell stage

a non-compacted

Mid
8-cell stage

b
compacting

Late
8-cell stage

¢ compacted

AJs linkage
to actin
cytoskeleton

' E-cadherin
@ P120-catenin

@ B-cetenin
@ o-cetenin

"*.Myosin 1

Myosin 2
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O puBuo¢ dlaipeong eivarl e€alpeTika apyog (12-24h).

Ta BAaoTopepidla auAakwvovTtal acuyxpova. Euppua BnAaoTikwy TTOAU cuxva
ATIOTEAOUVTOL OTIO TIEPLTTO APLOUO KUTTAPWV.

To QUYWTIKO YOVIOLWHO EVEPYOTIOLEITAL OTA APX LKA OTASLA TNG AVAGKWONG
(TL.X. OTO TIOVTIKL OTO OTASIO TWV 2 KUTTAPWV KOl GTOV AvOPpWTIO TIEPITIOL OTO

OTAOLO TWV 8 KUTTAPWV).

Mepotpoiky auAakwon (rotational cleavage), o TpOTMOG QUTOC Eelval
aouvvnOLoToC.

2TO0 0TS0 TWV 8 KUTTAPWV EUPOVIETOL TO @PALVOMEVO TNG TUKVWONG
(compaction).



ZXNHUATIONOG popLdiovu Kat BAXCTOKUGTNG
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wapLo E: E: 2.5 mUukvwon E: 3

MoAwko
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1. TpooBAdctn X0pLo : a. Opéyn

B. Mapaywyn oppovwv

y. Mapaywyn ovclwwv mov
avaoTEAAOUV TRV amoppLyn
TOU EURPUOV ATO TH UNTEPA.

2. Eowtepikn kutTopikn palo (EKM) o. EuBpuo (teAika to {wo)
B. e&wepPpuikég dopég

ATtO TO OTASI0 TWV 64 KUTTAPWVYV Kol METE, ol dvo otifadeg AEN cuvelopépouv mix
KAVEVA KUTTAPO N KX GTNV GAAN.



BAaoTtokuTTOPA: TUTIOL

[J
TUTIOUG TOU OWUATOG

Amnoyovoi toug

ditadpoponolovvral oe

LLEPLKOUC

KUTTOPLKOUC TUTIOUG
TOU CWHOTOG

OAITOAYNAMA




AuvapIKO BAXCTOKUTTAPWY KXTA TRV AVATITUEN

TpowoBAaocT
EKM powop n

,Apxﬁ (MoAuSVvvapux)
y 140 Kvwanq :

N\ )
DO

Oocyte Zygote 2-cell 4-cell B-cell Morula Blastocyst

. 1 Multipotent and
(Tntlpotant__ 'P°13) unipotent

OANOAYNAMA NMOAYAYNAMA OAITOAYNAMA




Preimplantation development

TpowofAdotn

Zygote 2 cells 4 cells 8 cells Morula Blastula
i Major ZGA (Mouse) Major ZGA (Human)
Epigenetic Reprogramming

‘EocwTtepikn Kuttapikn Mala (EKM)
Inner Cell Mass (ICM)




TpowoBAaotn i ICM;
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D

Knock-out : BAactokuotelg | ICM amodiopyavwvovtal - Ta Euppuva meOaivouv E 4- E 5.
Ta kUTTapa TnG EKM diagopomolovvtal mTpowpa - TPWTOYEVEG EVOOdEHQ.



METaYPAPIKOC TIOPAYOVTAG TNG OLKOYEVELOG
SRY (pepet HMG box).

Ekppadletal otnv EKM (OxL OTTOKAELOTIKK)
Exkppadetal kot oto N

AMNAsTidpa e Tov Oct4.

2ta KO ta epppua teBaivouv kata tnv E6.5.
Ereldr)  ekppadletal KAl 0T WOKUTTOPO
TOaVOV TO MNTPIKO TIPOIOV ETUTPETEL TNV
enfiwon wg tnv E 6.5.

Mailel pOAo 0T dlaThPNON TNG TIOAVOUVOULOG.



NMapayovteg ToOAvVOLVVAUIXG

(pUOMION TNG £EKPPACNHG TOUG)

(B)

— - Oct4




KataotéAAer tnv ékppoaon Twv Octd ko
nanog otTa KUTTOPX TOU TPOPOEEWOEPHATOG.

O Oct4 kataotéAAer TRV ék@pacn Tou cdx2
otnv EKM.

Ot Oct4 ko cdx2 puOpi{ouvv Tnv ékPpacn Tou
HETAYPAPLKOVU TIHpAayovta eomesodermin
TIOV EVEXETOL 0TN Stapopomoinon tov TE.

OpoAoyo tou caudal

DEPEL OPOLOETUKPATELD

EkppaleTtal ot KUTTOPX TOU
Tpoosiwdéppatog (TE)




Mice develop without maternal Cdx2

Maternal genes, which are transcribed in the female
germline during oogenesis, play variable roles in
embryonic patterning. In frog embryos, for example,
differentially localised maternal factors regulate early cell
fate decisions. By contrast, the contribution of maternal factors to mammalian
embryo patterning remains controversial. On p. 3969, Amy Ralston and co-
workers re-examine the requirement for matemnal Cdx2 (the orthologue of the
Drosophila maternal-effect gene caudal) during mouse development. Previous
studies that used RNA interference (RNAI) to reduce Cdx2 levels have yielded
KataoTtéAAeL TRV | contradictory results about the requirement for maternal Cdx2 during mouse
oTo kKuTTapa Tou development. This lack of agreement might have arisen because injection of

RNAI constructs can introduce experimental variation. Therefore, to
O Oct4 kotootsl Unambiguously resolve this issue, Ralston’s team used a Cre/lox strategy to
otnv EKM. genetically ablate Cdx2 in oocytes before fertilisation. Their approach, which

involved three generations of crosses and over 25 weeks of breeding, allowed
Ot Oct4 kot cdx2 them to determine that neither trophectoderm cell polarity nor initial cell fate

. depends on maternal Cdx2. Thus, they conclude, maternal Cax2 is dispensable
HETAYPXPLKOV TIO
for mouse development.
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T emayel to Cdx2;

OFF: Yap ogtov tupniva ON: Yap 0710 KUTTApOTAGCuQ




T emayet To Cdx2;

" @ — @ — [ — [
Hippo Signaling Pathway

https://doi.org/10.1007/s00441-021-03530-8



To povomatt Hippo

ICM cell




To povomatt Hippo (OnAaoctiké)
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TukaBopilel av éva kKUTTAPO O avAKeL aTNV TPOWORAGSTN R
™V £O‘U.)T£leI‘| KUTTOPLKA padc;

‘EMBpua ota ontoia peTapooxevETOL EVa

¢u§l?hoylko £u§99? BAactopepiSio.

‘EuBpuo 4 Kut.

N, ZNUACHEVO ;
BAactopepidio

Ecwtepiki o H t0xn (fate) Twv onpaouévwv KuTTAPWVY
DN

Kuttaptkn

97%
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J. Gurdon S. Yamanaka
Department of Zoology, University of Institute of Cardiovascular Disease, San
Cambridge Francisco

“revolutionized our understanding of how cells
and organisms develop™



Ta BAacTokUTTAPA 0T Oepameia acOevelwv

FDA OKs 1st Embryonic Stem Cell Trial

By Steven Reinberg
HealthDay Reporter
Friday, January 23, 2009; 12:00 AM

FRIDAY, Jan. 23 (HealthDay News) -- The first human trial using
embryonic stem cells as a medical treatment has been approved by the U.S.

Food and Drug Administration.



iPSCs \ ESCs

Parkinson’s Disease?) Parkinson’s Disease?)

acular degeneration?

Macular degeneration?)

“ o nge . 3)
Retinitis pigmentosa Retinitis pigmentosa’3)

Corneal disorder? :
I B Amyotrophic
Heart failure® | lateral sclerosis™

pinal cord injury®) - s

n’

pinal cord injury®

Platelet transfusio

Type | Diabetes'®

Graft versus host disease?

rtil defect? Citrullinemia type 117
artilage defec

Intrauterine Adhesions'8)

Cancer immunotherapy'?



Avayévvnon: Mnxavikn lotwv

Retina implant

Cochlear implant ORNL nose

UT tongue
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Tissue Structure
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Materials
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Chip nerve
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Meproogotepa yix T BAXCTOKUTTAP
KOXL THV avay£vvnon oTo Hadnua
«BloAoyix BAXOTOKUTTAPWV KAL

avayevvnong» !




Box 2. A history of ART

1785. Conception by artificial insemination in dogs by Lazzaro
Spallanzani (University of Pavia, Italy) (Spallanzani, 1785).

1900s. Artificial insemination techniques for use in horses, cattle
and sheep developed by llya Ivanov (State Veterinary Institute,
Russia).

1940s. Techniques to freeze and store animal spermatozoa
developed by Chris Polge (University of Cambridge, UK).

1934. IVF of rabbit oocytes followed by transfer into the fallopian
tubes by George Pincus and Ernst Enzmann (Harvard University,
USA).

1954, First characterization of human pre-implantation embryos (at
the 2-cell and later stages) by Arthur Hertig and John Rock (Free
Hospital for Women in Brookline, USA).

1957. Development of superovulation in mice wusing
gonadotrophins by Robert Edwards and Ruth Fowler (University of
Cambridge, UK).

1959. In vitro fertilized rabbit cocytes capable of proceeding to live
birth were demonstrated by Min Chueh Chang (Worcester
Foundation, USA).

1969. Early stages of IVF of human eggs by Robert Edwards and
colleagues (University of Cambridge, UK).

1970. Successful culture of human cleavage stage embryos by
Robert Edwards and colleagues (University of Cambridge, UK).
1972. Cryopreservation techniques for the long-term storage of
pre-implantation mammalian embryos by David Whittingham (Oak
Ridge Mational Laboratory, USA).

1978. Birth of the first child conceived via IVF reported by Robert
Edwards and Patrick Steptoe (Oldham General Hospital and Bourn
Hall Clinic).

1992. Development and successful use of intracytoplasmic sperm
injection (ICSI) to assist with infertility by Gianpiero Palermo, Paul
Devroey and Andre Van Steirteghem (Vrije Universiteit Brussel,
Belgium).

1998. Development of serum-free culiure methods for human
blastocysts in vitro by David Gardner and colleagues (University of
Oxford, UK).

Assisted Reproduction
Techniques

Fig. 1. Stages of human pre-implantation embryo development.
Phase-contrast images of human embryo development from day (d) 0
to day 7. Following fertilization, embryos undergo a series of mitotic
cell divisions. Arrowheads in d0 and d1 indicate pronuclei. On or
around day 4, the embryo compacts, resulting in the formation of a
morula that consists of cells (or blastomeres) in a compact cluster
contained within the zona pellucida (the glycoprotein layer that
surrounds the embryo). The blastocyst, which forms on day 5, is a fluid-
filled structure composed of an inner cell mass (white arrowhead) and
trophectoderm (gray arrowhead). On day 6, the blastocyst ‘hatches’
from the zona pellucida and it is ready to implant into the uterine wall
on day 7.
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Fovipomoinon - AuAGkwon
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Awwyng (wvn

-'!

fovipomoino

BAaoctokuvoTn

pUTELVON




H dapavng dwvn aTOTEAE(TOL amo
YAUKOTIPWTEIVEG KOl LOUKOTIOAVGOKXOPITEG KOl
TiEPLBAAAEL TO wapto. MNailel oNUAVTIKO POAO:

Q. ZTNV avayvwplon wapiov oneppatolwapiov.

B. MpooTaTEVEL OTIO TNV TIOAVOTIEP QL.
y. Epmodidel tnv mpookOAAnon tou gupuou ota
TOLXWHOTO TOU WaywYoV.

KaBwg to £pPpuo @Bavel otn pRtpa, n dtapavng (wvn amoPaAAeTal KAt TN SLaSIKACIX
™nG ekkOAayng (hatching). H PAactokuoTn TEPVA pECA ATIO ML TPUTIA TIOU QVOLYETOL
otn ow@avn (wvn amo TNV otpudivn, eva ev(QUUO TIOU TIAPAYOUV TA KUTTOPO TNG

TPOPOPAGOTNG.






Epgputeuon

TpogopAaotn

Evdopuntpio
NG HTPag




NMwg EMITUYXAVETAL N ERPUTEVON;




NMwg eMITUYXAVETAL N EPPUTEVON;

BiLootoxrvoty

EVEQYOTOLNOT)
unToag
Ez —»zateyohloiosrooyova

“Aextixo’ Evdoounrowo
EGF, LlF a

HE EGF
Hoxa-10 — C0OX-2 *

IMpootayiavdiveg

| e
) vrrodoyeic
Moo , w0
vroooyeig 1L-1

*3E Onhvra movrixwe mov 68 ouvlBETovv AELTOVEOYIXO EVOVRO
AEN YiIveTdl ENgUTEVGT).

** Amovcia vrodoyémv IL-1 1o éupovo AEN mpocrolidtar o
UToe.



Mopiax kuttapikng cuvagslag (Cell adhesion molecules)

Cell—cell adhesion

Cell-matrix adhesion

Calcium-dependent
adhesion

Calcium-independent
adhesion

Cadherin

Immunoglobulin superfamily

actin bundles

ey
€

C
C
C
C

extracellular matrix

laminin

Immunoglobulin superfamily
eg. N-C?RM




B. MopLa KUTTAPLKIG CUVAPELOG

To evOOUNTPLO KOL AUTO EXEL TIPOETOLUOAOTEL ATIO T OLOTPOYOVA KOl
TNV TIPOYEOTEPOVN KOl OTOTEAETAL QATO AQULVIVN, KOAAQYOVO,
Kadepilveg Ka., OnAadn HOPLAt KUTTOPLKNG OUVAPELDG YO VA
KPOTAOOLV TO £Ufpuo.

H PBAaotokuotn (Tpo@oPAAOTn) TPOOEPEPEL KL QUTH HOPLO B . @
KUTTOPLKNG CUVAPELOG (WVTEYKPIVEQ).

[MpookOAANoOn pe TN Ponbsiad  WTEYKPWWY Kol KASEPWWV.
O HB-EGF mou mopdayetal omo To €VOOUNTPLO TIPOOSEVETAL OTOUG
UTTOOOXEIG KOl OE TIPWTEIVOYAUKAVEG TIOU UTIAPXOULV OTn PAACTOKVOTN.
‘ETOL ETITUYXAVETOL N APXLIK TIPOCOEDN.

Ertapn HEOW  aoBsvwyv  OAANAETIIOPACEWY  QVOAUESH  OF
TIPWTEIVOYAUKAVEC - UTTOSOXEIG TOVG.

H BAaotokVvotn apxilel va ELPUTEVETAL OTO TOXWHUA TNG MATPAG. AUTO ETIITUYXAVETAL:

) Mg TNV mapaywyn TPWTEACWVY ATo TNV TPOPOPAKCTN IOV SLACTIOVV TO evdounTpLo. PB) Me
TNV €KPPOON SLAPOPETIKWY VTEYKPWVWY. yY) Me TOV TIOAAQTAQCIOONO TWV KUTTAPWVY TOU
TPOPOPAGOTN KoL &) Mg TNV AyYELOYEVEDN TIOU EEKIVA OTO CNUELO TIOU YIVETAL N EUPUTEVON.



NMwg emITUYXAVETAL | ELPUTEVOT);




NMwg emITUYXAVETAL | ELPUTEVOT);

Attachment mechanisms

Mouse attachment mechanisms Human attachment and signalling

Binding of HB-EGF 10 ErbB4 con-
comitantly with homodimerisation of
trophinin leads 10 dissociation of
cytoplasmic bystin and ErbB4
phosphorylation, generating a
proliferative stimulus in trophoblast

PCG-mediated
cleavage of
dystroglycan
releases the
MN-terminal
domain and
activates it for
binding




NMwg emITUYXAVETAL N ELPUTEVOT);

EMBRYOGLUE®™

Implantation promoting medium for
increased take-home baby rate

No
adverse
events

Improved
pregnancy
rate

Improved
implantation
rate



Selt-organization of the human embryo In the absence
of maternal tissues 4 May 2016

Marta N. Shahbazi"®, Agnieszka Jedrusik"’, Sanna Vuoristo"®, Gaelle Recher"®, Anna Hupalowska',
Virginia Bolton®?, Norah M. E. Fogarty’, Alison Campbell®, Liani G. Devito®, Dusko Ilic?, Yakoub Khalaf?,
Kathy K. Niakan’, Simon Fishel* and Magdalena Zernicka-Goetz'’

Self-organization of the in vitro attached human
embryo

Alessia Deglincerti'*, Gist F. Croft'*, Lauren N. Pietila', Magdalena Zernicka-Goetz?, Eric D. Siggia® & Ali H. Brivanlou!

Human embryos grown in
lab for longest time ever

Embryos cultured for up to 13 days after fertilization open a window into early development.




Zona pellucida Transfer to optical-
removal grade plate
-.. ",
x\‘:\\\
e oo

Culture in a protein- Washing with human Culture in
supplemented medium embryo medium IVC1 medium

DAPI Phalloidin

Figure 1 | D.p.f. 6 human blastocyst embryos
display human-specific transcriptional
profiles. a, DIC image of a d.p.f. 6 human
. blastocyst; scale bar, 100 pm. b, Cartoon

oy o5t itk ofa d.p.f. 6 embryo with salt-and-pepper
OCT4 GATA3 GATA6 GATAZ  GATA3 distribution of OCT4 (green) and OCT4/GATA6
(red) ICM cells, and GATA3 (blue); mural
(arrow) and polar (arrowhead) TE cells.
¢—q, Immunostaining of d.p.f. 6 blastocysts.
¢, Three-dimensional rendering of the front
half of a d.p.f. 6 blastocyst (left) and ICM-zoom
(right). DAPIT (white) and phalloidin (magenta,
actin, virtual channel). d-j, Three-dimensional
rendering of a d.p.f. 6 blastocyst (top) and
ICM-zoom (bottom, box in j) stained for OCT4
(green), GATAG (red, virtual channel), GATA3
NANOG  GATA6-CD24 OCT4 NANOG Merge (blue) (n= 3-8); arrows indicate high marker

: levels in ICM, arrowhead low levels in TE.

k-1, Whole embryo (top) and ICM-zoom
(bottom, box in 1) of the d.p.f. 6 blastocyst from
¢; OCT4 (green), GATAG (red, virtual channel),
CDX2 (cyan) (n=5). m—q, ICM-zoom of d.p.f.
6; OCT4 (green), NANOG (magenta), GATA6
and CD24 (red, n = 3). Scale bar, 100 pm for
whole embryos, 20 pm for ICM-zooms.




H dtadikaaoia pe tnv omoia oxnuoatiovtal Ta Tpia PAACTIKA SEpuaTaL
, HEG0dEPTX KOl

H Siadikaoia pe tnv omola opyavwveTal To BACIKO TIAAVO TOU CWHATOC,

H yaotpldiwon xapaktnpiletal amo pa
OElPA  TIPOKOABOPLOUEVWY  KUTTOPLKWV

QAVOKATATAEEWV (LETAVOTTEVOELG). Eolderir

H yoaotpbiwon Ttwv  BnAaocTtikwv
MOLXCEL APKETA PE QXUTH TWV TITNVWV.

:I Endoderm

“It is not birth, marriage or death, but
gastrulation which is truly the most
important time in your life".

Lewis Wolpert
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AvamnTtuén epBpUou TOVTIKOU HEXPL ALlyO TIPLY THV ERPUTEVON

(MpwToyevég
ev866eppa)

(Mdkvwon)

poesoee®t

I-cell stage Z-cell-stape  4-cellstape  B-cell-stage  B-cell-stage  |6-cellstage  32-cell-stape  32-cell-stage 64-cell-stape =1 00-cell-stape
(zygote) (early morula)  (morula)  (late morula) (early blastocyst) (mid blastocyst)  (late blastocyst)

- - L * * - - - -
E05 EL5 E2.0 EZ5 E2.75 E30 E3.25 E35 E4.0 E4.5

(b) EquuowKog TOAOG (©)

Kota tnv epguteuon n EKM gxel Staxwplotel og dSvo
oTIRASEC:

MpwTtoyevég evdodeppa i UTOBAGRTTN: TO KUTTOPA
TIoV €lval o€ ema@r) pe TO PAACGTOKOLAO.

EmBAGoTN: TO KOTTOPO TIAVW OO TNV LVTTORBAGOTN.

http://dx.doi.org/10.1098/rsob.170210




(Ka@opLopog emiBARCTNG KOL TTPWTOYEVOUG EVOOOEPHATOG)

Tuxaia evepyormoinon tou Nanog (UTAE) Kol TOu
GATAB (KOKKLVO) OTNV €0WTEPLKN KUTTAPLKN padla
v E 3.5.

Inuatodotnon FGF (uPnAoTtepn = TMPWTOYEVEQ
evo0depua/uTIoBACCTN)

Nanog = emifAaotn

GATA6 = mpwTtoyevEG EvEOSeppa/uTtoBAdcTn
2tnv E 4.5 ot dvo mAnBuopol Ba Staxwplotouv
KOl TO OTIAQXVLIKO evdodeppa Ba SievBetnBet otnv
ETILPAVELX TOV PAACTOKOLAOV.

H empAdotn &ev Ba €xeL TMAEOV €mO@r ME TO

BAagTOKOLAO.

110
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Ffaxotpldiwon: IXNUATIONOG TPLWVY BAXCTIKWY SEPUEATWV
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Ffaxotpldiwon: IXNUATIONOG TPLWVY BAXCTIKWY SEPUEATWV
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ZXNUOTIOHOG TPLWV BAXCTIKWY SEPUATWV

Fomiation of the three primary germ |ayers

Head Yolk sac ry Primitive streak
Cut edge — [cut edge) ;
of amnion Epiblast

Hypoblast

Primitive
streak

(f) Bilayered embryonic

disc, superior view (h) 16 days Mesoderm Definitive
endoderm
Human Anstomy s Physioogy, Te
by Baine Mariet: & Kaga Hoshn



H apxwkn ypappn (primitive streak) mpokumtel amd ToOV TOAAGTAQCLOOMO KOl TN
OUYKEVTPWON KUTTAPWV TNG EMIBAGOTNG 0TO OTIioO10 TUAMO TOV £Ufpuov.

Ta kOTTOpPO aVTA (eBAGOTNG) ekppilovv Fgf8, To onua Tou omoiov odnyel o AMWAELX TNG
kadepivng E. ZTn ouvexela amokoAAWVTAL aTtO TO €EWAEPHUA KOL YALOTPOUV KATW OTIO OUTO .
To KEPOAIKO GKpO gival 0 KOUPog (node).

H apxikn ypoppn xapaktnpidel to omicBio Turipa Tov puppuov.

Primitive .

KOMBOG  GPXIKN YPOHHA

OTIAQYVLKO e
evdodepua

Amovoia  Fgf8 Oev ylvetal n petamtwon kKot Ogv
EVEPYOTIOLEITOL Ml OElpa yovidiwv Tou xpetalovTal ylot Th
METAVAOTEVON KOl TNV EEELOLKELON TWV KUTTAPWV.

EmMopévwg: pecodeppua kat evdodepua dev oxnpati{ovral.
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TéAog yaotpldiwong- Ztpopn
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Avapueoa otnv E8.5 kat tnv E9.5 TO
EMBPLUO  OTPEPETOL KOl  TEALKX
TIEPIKAEIETAL OTOV QUVIOKO OAKKO
(XUVIO) TIOU TIEPLEXEL TO OUVIOKO
UYPO TIOU TIPOPUAACCEL TO EUPpuo
amo TOUC KpadaooUC. O
OTIAOXVIKOG AEKLOIKOG 0AKKOG BonBa
otn BpePn kol n aAAavToig ouvdeel
TO €UBPUO HE TOV TTAOKOUVTOL.







[aotpldwon: Gastrulation

[MpwTtoyeveg evoodeppa: Primitive endoderm
TolXWHATIKO evO0depua: Parietal endoderm
[lyavTiaia tpo@oPAacTiKa KUTTOPQ: Trophoblast giant cells
E€wepPpuiko eEwdeppa: Extra-embryonic mesoderm
[Mpoapviakn KoltAotnta: Proamniotic cavity
2TIAOXVIKO evdodeppuat Visceral endoderm
ErupAaotn: Epiblast

EpmtpooBio: Anterior

OmicOLo: Posterior

ApXLKN YPOMUUN: Primitive streak

Koupoc: Node

NwTtoxopdn: Notochord

AN\avtolc: Allantois

Nevpikeg ttuxec: Neural folds

Ywpiltng Somite

Eripaveloko e€wdepua surface ectoderm
E€wmAakouvTikOog Kwvog: ectoplacental cone
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2tn PBAactokVotn n EKM kaBopiler tov gpuBpuoviko-avrepfpuovikd aéova, Tou
VEWUETPIKA OXETI(eTOL HE TOV paxiaio-KolAlako aiova. O aiovag autog eival KaBetog
oTov Géova (WIKOU- (PUTIKOV TIOAOV.
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W Anterior primitive endoderm

Bl Presumptive fore- and midbrain
Bl Definitive andomesoderm (organizer)
BN MNon-axial mesodarm




KaB®opiopog aéovwv: o epmtpocOomticOiog aéovog

e€wePpuikd
e€wbepua P

KsmB)\dot

OTTAQXVLKO
evb0odepua

eunpocOLo
OTTAOLYVLKO
vd06eppa (AVE)

e€wepBpuikd  OPXUKN
HecOSeppar  YPOAHH

QPX LKL
YPOLUpA

a§oVIKO peoevdOdeppa

opyavwTn (organizer) Tou Xenopus KAl TOU EUPPLVOV TNG OPVIDAC.
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— KOppog (node)

2ta EuBpua Twv ONAacTIKWY UTTAPXOoUV SU0 kévtpa eAéyxou: o kKOuBog (node) kat

To EUMPOcO10 omAaxviko evdodepua (EXE R AVE- Anterior Visceral Endoderm). 139
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KaB@opiopog aéovwv: o epntpooOomnicOiog aéovag kat
YOVIOLOKN éK(QPAON

(A)
E5.5 ' . E7.5
Post-implantation i Mid gastrulation

Extraembryonic endoderm Visceral endoderm
|| Epiblast W/ Distal visceral endoderm (DVE)
. Primitive streak . Anterior visceral endoderm (AVE)




a _ b c a. Ekppaon tou chordin
KT Tn yootpldiwon oe
apxkn Awpida kot KOUPo

" b. Ekgppaon tou noggin
- - - - - 0T VEUPLKI) TIAGKX

d. Chd/-;Nog /-

e. wt
f. Chd/;Nog */*

g. Chd/-;Nog -/

achiller et al. Nature, 403: 658-661

EpBpua opoluya ya petaraéelg mou adpavormoovv tnv chordin (Ek. f) B noggin £xouv
ATILO @UVOTUTIO, OMWG SIMAEG peToAAaéelg (Eik. d,g) €XOUV WG QTOTEAECUO OTIWAELL
EUTIPOCOLWVY SOPWV (TIPOTEYKEPAAOG, HUTH, TIPOCWTIO).



To eumpooBilo oTAGXVIKO gvOOodepua
(EXE n  AVE) oxnpatietar  oto
EUTPOCOLI0 TIAVTA AKPO TPWV OO TOV
k6uBo, Kat N oPXKAR  ypappn
dnuovpyeital akpLpwg amevavTi Tov.

To eumpoobilo OTAGXVIKO evOOdepua
(EXE n AVE) ekppadel M oslpa
yoviSiwv TIou €ival amopaitnTa ylo To
OXNUOTIONO TNG KEQOANG (Lim-T1, Otx-2,
Hesx-1, Cerberus).

MeTaAAGEELG oTa yovidla auTd 0dnyouv
0 OVWHOAIEG OTO OXNMATIONO  TNG

KEPOAANG 1 TOL EYKEPAAOV. O QAIVOTUTIOC TWV TIOVTIKWY OTA OTtola £XEL YiVEL
knock out to yovidio Lim-1.
(Swalot , W. and R. Behringer. Nature, 374: 425-430)



O euntpooOomicOiog aéovacg

AVTaywvIoTES Wnt, BMP, FGF
BMP, Wnt

Tovidia Hox

Epmpoabio I l

E£wdepua /'_ o Opyavethc
Meoddeppa Afoviko
pecogvdodepua

Evdodepua




Nature works constantly with the same materials. She is
ingenious to vary only the forms. As if in fact she were
restricted to the same primitive ideas, one sees her tend
always to cause the same elements to reappear, in the same
number, in the same circumstances, and with the same
connections. (Geoffrey Saint-Hilaire, 1807)

Evo-Devo: e€£AEn kat avantuén



Ta yovidix Hox




Ta yovidia Hox Twv omtovouAolwwv Eival OJOAOYQ E QUTA TOU CUHUTIAEYUATOG
Antennapedia tng Drosophila.

2TOV TIOVTIKO (KOl OTOV avOpwTO) UTIAPXOUV TECOEPO MN OUVOESEUEVD
OLUTASypOTa TTov ovopadovtal Hoxa, Hoxb, Hoxc kaw Hoxd kol edpadlovtal ota
XpwHoowuata 6, 11, 15 kot 2 avtioToKa.

T CUPTIAEYHOTO OUTA £XOUV TIPOKLWEL a0 SLASOXIKOUG SITAACLOCGUOUE EVOG
QAPXEYOVOU  CUUTIAEYUOTOG (amAG XopOwTa [au@loéog] €xouv  &va  POVO
OUUTIAEYUO HOX).

.L-:I.r{".'nl'.;'Flll'l.ilﬂ lab P‘.FJ‘ DJH Ser -'1-?‘21']_"-' Ubx abddA  AbdB
Hom-C mmm;
11 e wral ¢
a2 a3 a% alld - all all
Hoxa nnznmmmnmm
E:I b2 b3 b4 b5 bs h7 b& b9
Hoxh (o et e . .. .. St ot Ty it Gtk
o ch cd % 10 ¢l ci2 o cl3
Hoxe | ' . e .o - T e

dl d> d4 df 49 dio dll dl2- dl13

Hoxd : iml E MMI i:::_ E :m E:: E'

1 e 3 4 3 f 7 b 9 011 ] I



‘Epppro Drosophila

(10 wpwv)

3 ’
Drasophila

Ta yovidia Hox

Hom-C

o 9 clo cll

cl2  «¢l3

d8  d9 di0 dil

Hoxd

‘Euppro movrikion
(12 nuepar)

di2  di3




Ta yovidix Hox Kol T TPOTUTIX EKPPACHG TOUG

Vertebral regions Posterior

thoracic lumbar sacral caudal
l_l_l

Hox genes

Anterior
margins
of expression




H ekppaon Twv yovidiwv Hox oTta BNAQoTIKA aKOAOUBOEL TO (OL0 TIPOTUTIO PE TN
Drosophila. Etot ta opoAoya Twv Twv labial, proboscipedia kau deformed
ek@palovtal O0TO EUTTPOCOI0 TUAMO evw T opoAoya Touv Abdominal-B oto

omtioB1o.

Hoxb1 Hoxb4 Hoxb9

bfb2b3b4b5b6b?b8b9
- HHHHHH H—

>

‘Ek@paon tTwv Hoxb 1, Hoxb4 kaw Hoxb9 o€ eufpuo TTOVTIKOU.



METOAAGEELC TIOU TIPOKOAOUV OTWAELX TNG €VEPYOTNTOG TwV Yyovidiwv Hox odnyouv
TIOAAEG (POPEG OE OMPOLWTIKO HETAOXNMOATIONO. Ou petaAAaéelg auteg ovopalovtal
OMOLWTLKEG . O PaVOTUTIOC gU@AVI(ETAL OTO EUTPOCOLIO OPLO TNG EKPPAOTG TOU Yovidiou
KoL opyava 1 Sopeg petaoxnuatiovial o avtiotolxa opyava i Sopeg Tou xapaktnpilouvv
TUAMATO TOU CWHOTOC TIOV BPIOKOVTOL TILO UTIPOCTA.

Mo Tapadetypa EAAeLPN TOL yovidiov Hoxc-8 PETETPETIEL TOV TIPWTO OCGPUIKO OTIOVOUAO O€
Bwpaklko, OTIWC cupPaivel kal pe Ta yovidia Tov Antp otn Drosophila.

®uoLoAOYLKOG TIOVTLKOG

Movtikog pe EAAsedn Tou yovidiouv Hoxc-8

Owpakikog
. oTtOVSUAOC 1o¢g oopuikog
OTtOVOUAOG

D@@
faf




Alo@opeTika yovidla Hox eival utmeubuva ylad T0 OXNUOATIOMO SOUWV KOl OPYAVWV KOTX
urkog tou E-O aova.

J& TIOVTIKOUG OTOLG oToioug exel yivel knock out to
Hoxa2 unapxouv TpoPANuaTa o€ TTIOAAEG OOMEG TIOU
oxnuatidovtal amo TN VELPLKN akpologia TX. Oev
UTTAPXEL O BUPOC KOl O TIaPABUVPEOELONG,.

Ta MEAN HLOG TIOPOOUOAOYNG OMASAC UTTOPOUV VO UTIOKABOLOTOUV TO €V TO GAAO, £TOL OTX
amA& knock out ta mpofAnpata evtomidovial ota Opyava/SouEG EKEIVEC OTIC OTTOlEG MOVO
EVOL ATIO TO MEAN MLOG TIOPAOOAOYNG opadag ek@palovTal.



MetaAAaéelg ota yovidia Hox

T13 OwWpPOKIKO
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OL utoKIVNTEG TIOAAWY YoVvISiwv Hox TIEPLEXOUV PUBOULOTIKA OTOLXEIO KOl QVTATIOKPIvVOVTalL
OTO PETIVOIKO o0&V (RA)*.

(D) +RA

*210 €uPpuo To RA tapayetal amo tov KouPo.

[MpooBnkn RA in utero os peydAeg 6OCELC 0dNYEel OTNV EKPPAON KATIOWWV Yyovidiwv Hox oe
KUTTOPLIKOUG TIANBUOoMOoUE Tou ualodoyika dev Ba ta e€eppalav, Kol TEAKX odnyel o€
QVWHUOALEG OTO OXNMATIOMO TOU OKEAETOV. X€ OPLOMUEVEG TIEPLTTTWOELG ATIOVOLALEL EVOL TUN MO

TNG oTtovOLAIKNG aTNANG BA. (E).



Anterior Posterior

- Brain " Ventral nerve cord
B2 B3
\\ : 51253 Th?rﬂw Abdgmen 1
1 23123456789
Drosophila
Vertebrates
— Spinal cord
N | | /| Hindbrain (r1-r8)
«—Forebrain—
=| §| %
5| z| 8 B o1d, Otx | tailless O ems, Emx
@ F'zu o B lab/ Hoxb-1 W pb/ Hoxb-2 B Dfd/ Hoxb-4
| g | = B Scr/ Hoxb-5 B Antp/ Hoxb-6 W Ubx/ Hoxb-7
S| |5 O abd-A/ Hoxb-8 B Abd-B/ Hoxb-9 B Hoxb-3
. =]
)
=

2 2000 Jnauer fczociates, Ina,
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ZXNHUATIOROG HOVOLUYWTIKWY S18VpwWYV (GvOpwTto )




TexvoAoyia TTOU XPNOLHOTIOLELTAL YIX TN
HEAETN TNG AVATITUENG TOU TTOVTLKOU -o

Avapovig Tavn
IMutéTa mov

OVYXOOTEL TO TToAwrd coudTia

/| Emavepgutevon

7~ oo
Onhundg Apoevinog 01:% 6:;
TEOTVENVES  TQOTVONVOS \

Oyo

oTédLo0 \

O] pTégu mov £xEL dueyeBel aonovixag

‘ELEYY0G TOV ATOYOVOV G TOOG TV
évBeon Tou yovidiov




TexvoAoyia TOU XPNOLHOTIOLELTAL YIX TN
HEAETN TNG AVATITUENG TOU TTOVTLKOU

@ + @ —_— @ > Emavepgutevon

Xipooa
(@) ovvdaHooLong

ToogoeEwdeoua

Kottaoo
——g—
—_— — Eoveu@utevon

Eowteounn nvttoowxy ualo (ECM) Xinooo wov €xeL TEOENDEL
aTTO TNV EVEOT KUTTAQWV TNG
ICM o¢ BAaoToRVoTY
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Bhaotoxvotn

TexvoAoyia TTOU XPNOLHOTIOLELTAL YIX TN
HEAETN TNG AVATITUENG TOU TTOVTLKOU -

(o) Amovoia Toog@LAmy “uTTdomy 1 LIF ITowtoyevég
' SaBS evOOdEOILL

Eupovoeldég ompdtio

ZV00MUATOUL
®UTTdowv ES
(B) ‘Eveom og PAAOTORVOTN

— XLLOLOLRO

KahhiéQyera in vitro Kaihiéoyewa ES



TexvoAoyia TTOU XPNOLHOTIOLELTAL YIX TN
HEAETN TNG AVATITUENG TOU TTOVTLKOU -.

ZV00WUATOL
wuttaowyv ES

— X LULOLOLAG
drouo

Bhaotonotn KalhiéQyera in vitro

TN VEPPLKN KAYA, ELVOL OUVOTOV VO OVATITUXOEL TEPATOKOAPKIVWHOL.



TexvoAoyia TtOU XPNOLHOTIOLELTOL YIX TH L
HEAETN TNG AVATITUENG TOU TTOVTLKOU -

DOQENC YOVLOLUKNS OTOYEVONS

neor

Fovido-ot60g

!

neo”

| Ve
(a) To yovidLo dtaxomTeTal

Mn opOAoYN TTEQLOYN

l

166



TexvoAoyia TTOU XPNOLHOTIOLELTAL YIX TN
HEAETN TNG AVATITUENG TOU TTOVTLKOU "o

Kvttapa ES mov £xouvv AvOerTinol #havol
dSroporvvOel

‘Eheyyog Tov ®abe
HADVOU UE OTVITOU
Southern § PCR

ATONO AyoLou Xpaourd dtopno
TUITOV

Anuiovoyio
KLLOLOLAMY
AaTOUV

F1: gtre06Cuna droua

l AL0OTOVOWOoN aTOpmV TNg F1

F2: 25% opotuyo dtoua
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TexvoAoyia TTOU XPNOLHOTIOLELTAL YIX TN
HEAETN TNG AVATITUENG TOU TTOVTIKOU "o

B

l Extoun amd 1o évovuo Cre

loxP

*

TIOV EVTOTICETAL AVAHECO GE OLO 0c0ELG (oXP.



TexvoAoyia TTOU XPNOLHOTIOLELTAL YIX TN
HEAETN TNG AVATITUENG TOU TTOVTLKOU -

ITovtinog 1 IMovtinog 2

Ymoxuvntng

[ [N —

Ynonwwning — Cre

loxP

AopudxQuvon yYovidiov

Osoelc loxP. 169




TexvoAoyia TTOU XPNOLHOTIOLELTAL YIX TN
HEAETN TNG AVATITUENG TOU TTOVTLKOU

TotoeLdmog
VITOXLVNTNG ]

KoBoAnog { {

loxP loxP

VITOARLVNTNG ‘ | lacZ

Miron #OOLLOTOLOVO O,
aAAmhovyia e
AWOLLWOVLO MENG Hooaywyn

/’ s
Kafoiunog TTOWTETVNG

VITOAULVNTNG lacZ




TexvoAoyia TTOU XPNOLHOTIOLELTAL YIX TN
HEAETN TNG AVATITUENG TOU TTOVTLKOU *o

[dtoovotaTirnog IdLoovotaTirnog
VITORLVN TG VITOALVN TG

TetQonunhivn

TovidLo Tovidlo




TexvoAoyia TtOU XPNOLHOTIOLEITAL YIX T -
HEAETN TNG AVATITUENG TOU TTOVTIKOU b

O¢omn
OE0oN LATLOUOTOC p-geo TTOAVOOEVUALONG

ITayidevon yovidiov

EAGyL0otOg O®¢on
VITOXLVNTNC lacZ TTOANVAOEVUALWONC

IToyidevon evioyvtn
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