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BLoAoyia Avantuéng
Ta Baolka epwTtApatTa

Joseph Merrick
R Tis true my form is something odd,

But blaming me is blaming God;
Could | create myself anew
| would not fail in pleasing you.
If | could reach from pole to pole
Or grasp the ocean with a span,
| would be measured by the soul;
The mind's the standard of the man.
Isaac Watts
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BioAoyia Avantuéng

Ta BaolKa spwITAMHATO
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Katrina Logan
and
Geoff Logan

Avarmopoywyn




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 using
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 National 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 culture methods for human
blastocysts in vitro by David Gardner and colleagues (University of
Oxford, UK).
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Fig. 1. Stages of human pre-img 1 embryo ds
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
onday7.




BioAoyia Avantuéng
Ta Baolka epwTtApaTa

Las meninas, Diego Velazquez 1656

BLoAoyia Avantuéng
Ta Baolka epwTtApatTa

newborn

Weeks of development




BioAoyia Avantuéng
Ta BAaolLKA sEpwWITAMHATO

MepBaAlov

BLoAoyia Avantuéng
Ta Baoclkda spwTRApHATO
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We used to think that our fate is in the stars. Now we know in
large measure, our fate is in our genes
J. Watson 1989.

Low folic acid in mother’s diet High folic acid in mother’s diet
Agouti gene less methylated Agouti gene more methylated

We used to think that our fate is in the stars. Now we know in
large measure, our fate is in our genes
J. Watson 1989

A single genotype can produce many
phenotypes, depending on many
contigencies encountered during
development. That is, phenotype is an
outcome of a complex series of
developmental processes that are
influenced by environmental factors as
well as gene.

F. Nijhout 1999




Inputs to development and heredity: The five (potential)

mothers

The provider of genetic (DNA) resources

The provider of the non-DNA part of the egg (nuclear and cytoplasmic)

The provider of early nourishment (womb & milk)

The provider of home and care

The provider(s) of social education

Ta Baktipla dieyeipouv tn Slaipeon twv BAAOTOKUTTIAPWV

Ko tn Stadpopornoinon oto £viepo.

(A) Quantitation of S-phase (dividing) intestinal
epithelial cells in conventionally raised (control),
germ-free, and germ-free plus added bacteria
specimens.

(B) Germ-free zebrafish given bacteria have normal
amounts of stem cell division and epithelial cell
differentiation after 6 days. Here and in (C),
nondividing cells are stained blue and dividing cells
are stained magenta. The inner cells are intestinal
epithelia; cells in the white outline are
mesenchyme and muscle. (C) The intestines of
germ-free zebrafish are smaller and contain fewer
dividing stem cells. (Glibert + Barresi 11th ed)
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Percent of cells in S phase (dividing)

(B) Germ-free + bacteria

Control

https://doi.org/10.1073/pnas.0400706101



EVTEPLKO LKPOBLWHA KL AVATITUEN TOU VEUPLKOU
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GF mice show altered expression of anxiety and synaptic plasticity related genes. (A)
Representative autoradiograms showing NGFI-A mRNA expression at the level of the frontal
cortex of SPF and GF mice (OFC, orbital frontal cortex; AO, anterior olfactory region). (A’) Bars
show expression of NGFI-A mRNA (nCi/g) in the OFC and AO of SPF and GF mice. (B)
Representative autoradiograms showing BDNF mRNA expression at the level of amygdala and
dorsal hippocampus of SPF and GF mice (BLA, basolateral amygdala; CA1, CAl region of the
dorsal hippocampus). (B’) Bars show expression of BDNF mRNA (nCi/g) in the BLA and CAl
region of SPF and GF mice.

Atopukotnta kot ZuppBiwon -
OLTtO TO ATOMO 0TOV OAoBLwTn

Anatomic : one genome integrates cells to a common wholeness
trillions of microbiota present
Physiological : Integrated organ systems to a common end
microbiota required for several processes
Developmental: an organism is a product of a fertilized egg
microbiota help in the development of gut, immune system etc
Immune: discrimination of self- non self
microbiota help build the immune system, expand lymphocyte repertoire
Genetic: Cell genomes are nearly identical
decades of different species-genomes, many with phenotypic outcomes
Evolutionary: genome provides phenotypes for natural selection - individuals (genes or
organisms get selected)
Speciation: Genetic variation, reproductive isolation (mating, pheromones)

OAoBLWTNG: O OPYOVLOUOG Ol LE TOUG MOVLLOUG OUUBLITEG TOU.
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BLoAoyia Avantuéng
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Jeann Calment, yevéBAla 122 etwv 1997
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BLoAoyia Avantuéng
Ta Baoclkda spwTRApHATO
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2012 Nobel Prize in Medicine

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

"revolutionized our understanding of how cells and
organisms develop"

BLoAoyia Avantuéng
Ta Baoclkd spwTApHATO

Mpodpoua

\\ ) ;
gupoobatpidia oAlyodevbpokutTapa

EuBpuika BAactokuTTapa & Mnxavikn lotwv




BLoAoyia Avantuéng

7 EuBpuikn avamtuén

2 MetepBpuikn avamtuén (abénon, petapopdwaon, yrnpavon)
2 Avaygvvnon

7 EEEALEN TWV UNXQVLOKWY TIOU EVEXOVTAL OTNV QVATTTUEN

....a science of becoming,

a science of process...

Scott Gilbert




AtaAeitppa 10 Aentwyv

BLoAoyia Avantuéng

O ApLOTOTEANG €ival O TIPWTOC TIOU OCXOARONKE UE TN MEAETN TNG AVAMTUENG- UETAEL

GA\wV €0g0E éva EpWTNUA TTOU EMPOKELTO Va artavtnOel opLoTikd 22 atwveg apyotepa!

H avdnrtuén oto  kotomouho.
Malpighi, 1673

Me Ttolo Tpormo oxnuatifovial to LEpn Tou eUPpuou;
Mpooxnuatiopog n Emyéveon;




BLoAoyia Avantuéng

MLl o€lpd MOPATNPHOEWY TTOU €ylvav KaTd to 190
awwva odnynoe otnv amoppwpn tng Bewpliag tou
T(POOXNUOTIOUOU:

7 H kuttapikn Bewpla - mapatnpnon twv wapiwv.

72 Awtumwvetat n umobson 6Tl oL amoyovol
KANPOVOUOUV TO XAPAKTNPLOTLKA TOUG Qo TV €Vwan
TWV YOUETIKWV KUTTApwvV TIou Ba mpémel va
Sladépouv  amd Ta  owpatikd.  (Weissman-

germ/somatic cells)
72 MMopatipnon ™G  YOVLUOTO

T(POTIUPHVWYV OTO LKPOCKOTILO.

72 Mapatnpnon Twv XPWHOCWHATWY Tou {UywTou- Ta
ULOQ TIPOEPXOVTOL OO TN UNTEPA TA. UTIOAOUTOL QO

Tov matépa.Mitwon-peiwon.

MpooXNHATIONOG

Hartsoeker,
Tou 1694.

nes in Development

. 1. Spe_mann and Mangold's 1924
organizer graft

1929 2. Fate mapping

3. Notch signalling and
lateral inhibition L

< 5. Nucl i .
g . - . Nuciear reprogramming _—
4. Mathematical modelling 1952 1952 and cloning - e
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6. Limb outgrowth and

sk patterning

7. Sperry's chemoaffinity 1963
hypothesis

1969 8. Mesoderm induction

9. Human assisted

paas reproductive technology

% 10. Caenorhabditis elegans 1977
cell lineage
~
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5 ? 1L_Hom_eotic genes and 1978
‘ ‘ colinearity

1 o
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12. Transgenics and gene
R knockouts

Sxédlo




13. Genetic screens in
b ) "

14, Embryonic stem cells
* 15. Programmed cell death 16. Morphogen gradients
17. Development and

cancer

18. Asymmetric cell
division

19. Neural induction

20. Biology of the sex
chromosomes

21. The floor plate and
Sonic hedgehog

22. Body axis coordination 23. Left-right patterning

24. Somitogenesis and
molecular clocks

http://www.nature com/milestones/development/milestones/index html

BLoAoyia Avantuéng

H peyaAn mpdéodog mou mapatnpnOnke
ta  televtaia 35 xpovia  otnv
Avarttuélakr Blohoyia mporA\Bs amoé to
GUYKEPOOUO TPLWV KUPLwG KAASWV TNG

BloAoylag:

7 EuBpuoloyia
7 Avarmtuélokn FeveTikn

2 MopLakr) BioAoyia




BioAoyia Avantuéng

H peyaAn mpoodog mou mapatnpiOnke
ta televtaia 35  xpovia  oTnv
Avarttuélakn Bliohoyia mponABe amo to
OUYKEPOAOUO TPLWV KUPLwG KAASWV TNG

Blohoyiag:

7 EuBpuohoyia

7 Avarntuélakn Fevetikn

72 Moplakr Blohoyia

BLoAoyia Avantuéng

7 EpBpuikn avantuén

2 MetepPpuikn avamtuén (avénon, petapopdwaon, ynpaveon)
2 Avayévvnon

7 EEEALEN TWV LNXOWVLOUWY TIOU EVEXOVTAL OTNV QVATTTUEN




BLoAoyia Avantuéng

Katd tnv epPpuikn avamtuén mapatnPoUUE TO CXNMUATIOUO TOAUTIAOKWY SOMWV Omd pia

MLKPN OpAda OpOiwY KUTTAPWV.
OL KUPLEG QVATTTUELOKES SLadIKaOLeC TTOU SLaKkpivOUpE:

7 Torukn e€eldikeuon
7 Kuttapikn Stadopormoinon
2 Mopodoyéveon

72 Abénon

Opyaviopoi- pOVTEAQ
The Big six
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Xenopus leavis
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BLoAoyia Avantuéng

Katd tnv eufpuikn avamtuén mapatnpoUUe TO OXNHUATIONO TTOAUTIAOKWY SOMWV amd pLa

ULKPI) OUASA OLOLWY KUTTAPWV.
OL KUPLEG avVaTTUELAKEG SLaSLIKOOIEG TTOU SLAKPIVOUUE:

7 Tormukn) e€elbikevon
7 Kuttapikn Stadopomoinon
2 Mopdoyeveon

2 Ab&non




EuBpuvikn Avantuén

Auldakwon (cleavage)
Faotpidiwon (gastrulation)

Opyavoyéveon (organogenesis)

Fevikeupévn aAAnAou)io TwV YEYOVOTWYV TTOU
AapBavouv xwpo KAt TRV IPWwLKn avantuén

TToAxd

OWUATLO
—_—
AEBOC—G 0o

(o) Zvywtd B) Avidnwon

Blooténolho

(®) BlaoTtiolo (¢) Taotoidlo




Fevikeupévn aAAnAouxio TwV YEYOVOTWYV TTOU
AapBavouv xwpa KATa TV PwLKn avantuén
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Azavieg Tovada Knhida

@ Eviuo GTopo (0TO E0MTEQLXO)  YOWOTIATG

AuUAAKwWOoN

Auldkwon (cleavage): H oelpd Twv ypriyopwyv KUTTOPLKWY Slopécewv Tou apxilouv
QUECWE META TN YOVLUOTIoinan, KATA TN SLAPKELX TWV OTMolwY AUEAVETAL 0 AplOUOG TWV
KUTTAPWV Tou eUPBpUOU Xwpic avénon tou peyeBoug Tou. Ta KUTTOPO KATA TNV AUAGKWON
ovopalovtat BAactouepidia (blastomeres).

AuAdKwon oTov
axwo




AUA ('1 KWon ZWikdG OAOG

(roAwka cwpatiay)
Ta auvyd twv {wwv gpdavitovv cuvnBwg 4
moAwkotnta. H moAwkdtnTo Quth  €lvat
Suvatov va mPoUTapXEL OTO WAPLO 1 va
SnuULoupyelTalL LETA TN yoviomoinon.

H moootnta kat n O€on tng AekiBou
kaBopilet TOV TUMO TNG QUAAKWONG.

Avdloya HE TNV TOCOTNTA KoL TOV L
, , , DUTLKOG TTOAOG
EVIOTLOMO  TNG AekiBou Tta auya (AékBoc)

Slakpivovrat:

7 OAlyoAekLOKa
72 MeooAeKIOLKA
7 TeEAOAEKLO KA

7 KevtpoAekiBika

AuvAdkwon

H moootnta Kat n katavopn tTng AekiBou kabwg Kat mapAayovteg oL omoiol evtomilovial oto
KUTTOPOTAQCHA KAl OXETL{OVTOL E TO OXNUOTIOUO TNG ATPAKTOU, kaBopilouv Tov TUTO TNG

QUAAKwonNC.

OAoBAaoTLkn QWAAKWON ‘ -

H auldkwon eivat mARpNnG: n cleavage in'-_the';fro'g'
aUAaka TEPVA amo Tov afova

{wikou - ¢uTikou TOAou (oAlyo-

AekIBKa Kol LeCOAEKLOLKA) auya.

Auldkwon otov Xenopus




AuvAdkwon

MepoBAaoTikl QUAAKWON : HEPOG HOVOV Tou auyol Slatpeitat (TeEAOAEKIOWKA Kot
KEVTPOAEKLOLKA)

AuAGKwaon oTo

Zebrafish

1. HOLOBLASTIC (COMPLETE CLEAVAGE)

A. Isolecithal
(Sparce, evenly distributed yolk)

AUAAKWON

1. Radial
Echinoderms, amphioxus

H 6leuBétnon twv PAacTtopept-

" s ot i Slwv katd v auldkwon motkiA-
i AEL, £T0L TPOKUTITOUV TEAIKA EMTA
5 it ] ¢ 1 Sladopetikol  TUMOL  AUAAKWGONG
Tou xapaktnpilouvv OMASEG

i OPYOAVLOUWV.

Mammals, nematodes

B. Mesolecithal
(Moderate vegetal yolk disposition)

Radial
Amphibians

Avdloya pe tn popdoloyia Tou
(odaipa i otfada KUTTGAPWV) TO

1. MEROBLASTIC (INCOMPLETE CLEAVAGE)
A. Telolecithal

(it o8 rocgBom st o=l ‘ €uBpuo oto TEAOG TG AUAGKWONG
1. ileral ovopdaletat BAactidio (blastula) n
Cephalopod molluscs - G - ,
BAaotodepua (blastoderm).

2. Discoidal
Fish, reptiles, birds

B. Centrolecithal

(Yolk in center of egg)

Superficial
Mostinsects

58
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1. HOLOBLASTIC (COMPLETE CLEAVAGE)

14
A. Isolecithal A A n
(Spare cialy dismted ol UAOQKWO
1. Radial
Echinoderms, amphioxus

2. Spiral
Annelids, molluscs,
flatworms

3. Bilateral
Tunicates

4. Rotational
Mammals, nematodes

B. Mesolecithal
(Moderate vegetal yolk disposition)

Radial
Amphibians

1. MEROBLASTIC (INCOMPLETE CLEAVAGE)

A. Telolecithal
(Dense yolk throughout most of cell)

1. Bilateral
Cephalopod molluscs

2. Discoidal
Fish, reptiles, birds.

B. Centrolecithal

(Yolk in center of egg)

Superficial
Mostinsects

60



Tohd
OWRATLO

<I> {{} fraoctpitdiwon

Aénbog

(0) Zvywtd B Avhdxzmon
Bhaotéotho Faotpldiwon (gastrulation): H ddon katd tnv onola
@ MEMOVWHEVO  KUTTOPA N OMASEC  KUTTAPWV
METOKWVOUVTOL KOTA TETOWO TPOMO, WOTE va
BhooTidL0 () TaoTQidLlo

oxnuatiotolv ot tpelg BAaotikég otiBddec (germ

layers):

Meoodeopa
—> Kov.ma
UQYEVTEQOY
T EvO0deQuo
(01) Toewg Braotiné (mﬁumc

7 1o efwdepua -n e§wrepikr ot Pada.
7 10 evd0bdepua n ecwtepLkn otada

. € l-p e e v
Kegaki , ~ 7 10 pecodepua mapepBAAAeTaL pHeTAEL TwV SUO

Vv

© Tooviugn l Metapen SA\WV
)
A\

Anoveg Tovada Kihida.
(070 £00TEQULO)  XOWOTLXNS

M Ewviilzo dropo

61

fractpLdiwon

Footpldiwon (gastrulation): H ¢don katd tnv omoiot pepovwUEvVa KUTTAPA 1) OHASES
KUTTAPWV METOKLVOUVTOL KATA TETOLO TPOTO, WOTE VO OXNUATLOTOUV OL TPELG BAAOTLKEC

otBddec (germ layers):

7 1o e€wbepua (ectoderm) -n e§wteptkr otiBada.
7 10 evbodeppa (endoderm)- n ecwtepikn otBada

7 1o pecodepua (mesoderm)- mapepuBailetal petaft twv Vo AAwv.

Faotpldiwon otov
Xenopus




fraoctpitdiwon

‘OMot ot opyavicpol otoug omoioug Ba avadepBolue eival TputhofAacTtikoi- oxnpatifovrat
KATA TNV TPWIKN avArtuér] Toug TPELg oTIRASEC KUTTAPWY, To e€wdeppa To evoOSepUa KoL
To pecodepua. OL Tpelg autég oTpadeg Stadepouv wg mpog tn B€on toug oto éuPpuo, 600

KOLL WG TPOG TOUG KUTTAPLKOUG TUTTOUG TToU Ba TpoKUWOUV aTtd QUTEG.

Germ layers Organs

Endoderm gut, liver, lungs

Mesoderm skeleton, muscle, kidney, heart, blood

Ectoderm skin, nervous system

fraoctpLtdiwon

Mapd to OtL N yaotpidiwon prnopet va StadEpeL oAU armd 0pyaviopd 0 OpYAVIOUO TAVIOTE
riapatnpouvTaL ot {5Lleg LopdOYEVETIKEG SLadikaoieg mou umopei va adopolv o aAAayEg ou
adopolVv OTO OXAMUA KUTTAPWY I OMASWY KUTTAPWY KAl UETAKLVAOELC KUTTAPWY | OUASwY

KUTTAPWV.

Xenopus laevis marginal zone explant: (60
minutes elapsed) A two-plane, timelapse
confocal movie shows migration of
mesendodermal cells on a fibronectin
substrate in culture. The red plane is at the
level of the substrate and the green plane
is 5 microns deep into the tissue. Note that
the posterior cells (top of image) underlap
the more anterior ones from behind. The
cells are labeled with a plasma membrane
targeted GFP.

Credit: Lance Davidson




faotptdiwon

Mapd to OtL n yaotpldiwon pmopel va Stadépel TOAD amd opyaviopd O  OPYOVIOUO

TAVTOTE TOPATNPOUVTAL OL (SLEG LopdOYEVETIKEG SLadLkaoleg Tou umopel va adopolv oe:

aAlayEg ou apopouv 0TO CXHHLO KUTTAPWY I OHASWY KUTTAPWV
Ko
HLETAKLVOELG KUTTAPWVY 1 OLASWVY KUTTAPWV.

OYEVETIKEC SLadIKAOIEC £ t EMOLEVO. QVATTTUELAKA 0TASLAL.

Mopdoyéveon: Stov 6po popdoyéveon amodidovial SladopeTkES, MAPAMAAGCIEG OUWG onpaocies. Eupeiq Ba tov
XPNOLLOTIOLHCOUE OVODEPOUEVOL OTO PAVOUEVO TNG 0pyAvwong Twv Stadopwy TUTIWV KUTTAPWY Ttou eufplou,

T(POKELUEVOU VA OXNLATLOTOUV XAPAKTNPLOTIKEG SOUEG TOU OPYAVLOHOU.

Ao popdoloyikr dmodn Ta MEPLOCOTEPQ EUPPUIKA KUTTAPO UITOPOUV VAL XOPOKTNPLO
WG LECEYXUMATIKA 1) EMIONALaKAL.

Koougaia
eEeLdinevon

Zopthoxa
oVVOEOUWY

Buown
Embnio peupodvn

EmBrAta: Iotol Twv omolwv ta KUTTapa Elval OTeEVA CUVEESENEVA LETAEY TOUG KOL CUXVA
oxnuatifouv HEUPPAVEG oL Ttou KOAUTTTOUV SLAdopEeC EMIPAVELEG KAl KOLAOTNTEG.

j%% @l  Meogyxvua: Me Tov Opo  Quto
avadePOUAOTE 08 EUPPUIKOUG LOTOUC
PTG TwV omoilwyv Ta KUTTOpa Elval xaAapd

ouvdedepéva peTall TOug Kol £XOuv
™ SuVATOTNTA VO LETOVAOTEVOUV.

Meoéyyvua




faotptdiwon

EMONALOLLECEYXULOTIKN HETAMTWON

MeoeyXUUOTETONALAKY) UETAMTWO

fraoctpLtdiwon

Jupnukvwon (condensation) : Kata t Sadikacia auth ta kUTTtopa oxnuati{ouv
ouoowpoTwHaTa - N Sadikacia aut epdaviletal cuyvad Katd TNV avamtuén,

dlaitepa KATA TO OXNUATIONO TwV KATOROAWY SLadOpwy 0pyavwy.




faotptdiwon

Ewodoxn (ingression): H £l0060¢ LELOVWUEVWY KUTTAPWY OTO ECWTEPLKO TOU EUBPUOU.

Ewodoxr otov
axwo

primary mesenchyme
ingressing

fraoctpLtdiwon

Ewodoyn (ingression): H el0060¢ LEPOVWLEVWY KUTTAPWY OTO ECWTEPLKO TOU EUPPUOU.

30:00

Elodoyn otov axwo

This movie shows ingression of GFP-labeled PMCs. As can be seen the cells elongate during the
process of ingression and much of the cell body is inside the blastocoel before the trailing edge
of the cell pulls away from the hyaline layer on the outside of the embryo.




fraoctpitdiwon

invagination _and __involution): Ot &ladlkacie¢ QUTEG

EykoAtwon kot _avadimlwo
noapatnpouvtal ouvnBwe katd tn Snuoupyio amd éva amho emBnAo, Souwv ToU

aroteAouvTaL oo MOANEG OTIRASEC.

Kata tnv gykoAnwon pia otBada
KUTTOPWVY HETOKLVELTAL TOTILKA OTO
EOWTEPIKO TOU EUPplUoOU  OToOU

oxnuatilel pa SLoykwon.

Katd tnv avadimwon  pia

otifdda  KUTTApWV  ocuUMTUO-
OETOL, ELOXWPOVTIAG £TOL  OTO

E0WTEPLKO TOU EUPpUoL.

EykOAmwon otov axwo

fractpLdiwon

EykoAmwon kot _avadimAwo invagination _and involution): OL &ladkacieq auUTEG

napatnpouvtal cuviBwg Katd Tn Snuoupyla amo éva amAo embnAlo, Sopwv Tou

amoteAouvtal oo MOAAEG oTLRAGEC.




fraoctpitdiwon

EykOAwon _ kat _avadimlwo invagination _and _involution): Ot &ladlkacie¢ QUTEC
napatnpolvtal ouvnBwe katd tn Snuoupyio amd éva amho emBnAo, Souwv ToU
aroteAouvTaL oo TOANEG OTIRASEC.

The invagination of the mesoderm

Kata tnv gykoAnwon pia otBada
KUTTOPWVY HETOKLVELTAL TOTILKA OTO
EOWTEPIKO TOU EUPplUoOU  OToOU

oxnuatilel pa SLoykwon.

Katd tnv avadimwon  pia
otifdda  KUTTApWV  ocuUMTUO-
OETOL, ELOXWPOVTIAG £TOL  OTO
E0WTEPLKO TOU EUPpUoL.

fractpLdiwon

EmuBoln (epiboly): Katd tn Stadkacio auty plo oTiBada KUTTAPWY EMEKTEIVETAL Kot

TeAKA TtepBANAEL Kal TtepLKAELEL Evav AANO KUTTAPLKO TTANBUGHO.

EmBoAr kot avadi-
mwon  Katd T
yaotpldiwon  oto
Zebrafish




fraoctpitdiwon

ZUykAwouoa ktaon (convergent extension): H Stadikaoia katd tnv omoia pa otipada
KUTTAPWV METABAANEL TO OXAUO TNG EMEKTEWOUEVN OTN ML SLACTOCN HE TAUTOXPOVN
MElwon oTn KABeTn Sldotacn. AUTO EMLTUYXAVETAL Pe Ay TOU OXNUOTOC TWV KUTTAPWY

KaBwg Kal PeTaKivNon LEPLKWV Ao QUTA.

J<uBEERRN

Type of
movement Description lllustration

Invagination Infolding of a sheet (epithelium) of cells, much like the
indention of a soft rubber ball when it is poked.

Involution Inward movement of an expanding outer layer so that
it spreads over the internal surface of the remaining
external cells.

Ingression Migration of individual cells from the surface into the
embryo’s interior. Individual cells become mesen-
chymal (i.e., separate from one another) and migrate
independently.

Delamination  Splitting of one cellular sheet into two more or less
parallel sheets. While on a cellular basis it resembles
ingression, the result is the formation of a new (addi-
tional) epithelial sheet of cells.

Epiboly Movement of epithelial sheets (usually ectodermal
cells) spreading as a unit (rather than individually) to
enclose deeper layers of the embryo. Can occur by
cells dividing, by cells changing their shape, or by
several layers of cells intercalating into fewer layers;
often, all three mechanisms are used.




Faotpidiwon - Mopdoyéveon

ApLOUOG KOL TPOCAVATOALOUOG KUTTAPLKWY SLALPECEWV

AN\QYEG OTO KUTTAPLKO OXAa

Kuttaplkn PeETOVACTEUGON

Kuttapikn avénon

Kuttaplkog Bavatog (mpoypaaTioEVOG)

MetaBoAég otn oloTaon TNG KUTTOPLKAG MeRPBpavng n/kat  tng

e€€wkuTTAPLAG OUGLOG

NevpLdiwon

Neupdiwon (neurulation): Mpdkettat yia tn ddon mou akolouBel Tn yaotpdiwon kat
Kotd tnv omola oxnuatiletal amod KUTTOpa TOU £EWEEPHUOTOG O VEUPLKOG OWARVAQ
(neural tube). Ao T0 veuplkO cwAnva Ba TPokUWEL TO VEUPLKO cuoTnpa. XTn ddon
™G veupLdiwong to éuPpuo ovopdletal veupidio (neurula).

neurula

CELNY
neurula




Dorsal view of embryo neural plate

NeuvpLdiwon

Anterior

neural groove

@ neural fold

neural crest cells

© S,

neural tube

NevpLdiwon




To puAoTtuniko otadtLo

Embryos at the beginning of gastrulation

Xenopus Chick Mouse Zebrafish

Embryos at around the phylotypic stage
210 dulotumikd otdadio (phylotypic stage) ta euppua piag opddoag (OxL amopaltnto evog
oAOKANpou ¢UAoU) mapouctdlouv TN UEYAAUTEPN OMOLOTNTA METAEU TOUG - E€ilval To
avamntu§lakd otddlo Katd To omoio éxel SlapopdwOEel TO yeEVIKO QAPXITEKTOVLKO OXESLO TOU
owpatog (body plan).

AfoveGg CUMpETPLAC

MoANG auya eivat odatlpikd. Iuvibwg Ta auyd autd Tplv amd Tn yovipomoinon elvat

QKTWVWTE OUUUETPLKA WG TIPOG ToV a§ova {wikoU-PuTikoL TTOAoU.

=
JuvnBwWC HETA TN yovipomoinon N cUUETpio auth Slotapdoostal e€ altiog avakatotdeewy
OTO KUTTOPOMAQCUA Kot £TOL To EUBpuUo armokTd audimeupn culpETpia.




Tpeig afoveg kaBopilouvv TNV
MOALKOTNTA TOU OPYOAVIOGHOU MPOG
TPpeELG SLeubBUvoeLg

Xenopus laevis tailbud stage embryo

Paytaio (miow)

EunpocOio £ i N I, OnicBio

(kedpaln)

ApLotepo
KotAtako (sumpog)

JUOTNHA CUVTETOYUEVWY

BaoLKEG aApXEG

Kata tnv TAPATNPOUUE TO OXNUATIOUO TOAUTIAOKWY SOUWV OO Lo
ULKP opada opolwy KUTTApWV.

OL KUpLEG avamTUELaKEG SLadikacieg mou SLakpivoue:

2Kuttapikr) Stadopomoinon
2 Torukn e€elbikeuon
2 MopdoyEveon

2 Abv€non




EpwTtApaTta Kal

MPOOCEYYLOELG

7 Mwg emtuyxavetal n kKuttaptkn Sladopormnoinon;

2 MWwg eMTUyXAVETAL N TOTILK e€€LSiKe

7 MNwg¢ emtuyxavetaL n popdpoyévean;

7 Nwg puBuiletal n avamrtuén;

7 EuBpuoloyia
7 TeVETIKN TNG AVATTUENG

72 Moptakr) Bloloyia

Nwg emtvyxavetal n kuttaptkn dtadopon

Zygote Blastula Gastrula
|
' ]
)|
Ectoderm (outer layer) Mesoderm (middle layer) ‘ Endoderm (internal layer) ‘ ‘ Germ cells |
[ Central 1 W Respir-
Outer  nervous Neural Digestive atory
surface  system crest Dorsal  Paraxial Intermediate Lateral ~ Head tube  Pharynx  tube Male Female
oS ’ | 3 A
4 )"&%f’ ﬂ))\ (&
Epidermal Neuron Pigment Noto- Bone Tubule Red Facial ~ Stomach Thyroid  Lung Sperm Egg
cells of skin of cell chord tissue  cell ofthe blood muscle cell cell cell
brain  (melan- kidney cells (alveolar
ocyte)

cell)




Nwg emtuyxavetal n Kuttaplkn dtadopon

Type of cell

Differentiated cell product

Specialized function

Keratinocyte (epidermal cell)
Erythrocyte (red blood cell)

Lens cell
B lymphocyte
T lymphocyte

Melanocyte

Pancreatic islet (B) cell

Leydig cell ()

Chondrocyte (cartilage cell)
Osteoblast (bone-forming cell)
Myocyte (muscle cell)
Hepatocyte (liver cell)

Neurons
Tubule cell (?) of hen oviduct

Follicle cell (?) of insect ovary

Keratin
Hemoglobin
Crystallins
Immunoglobulins
Cytokines

Melanin

Insulin

Testosterone

Chondroitin sulfate; type Il collagen

Bone matrix

Actin and myosin

Serum albumin; numerous enzymes

Neurotransmitters (acetylcholine,
serotonin, etc.)

Ovalbumin

Chorion proteins

Protection against abrasion, desiccation
Transport of oxygen

Transmission of light

Synthesis of antibodies

Destruction of foreign cells; regulation of
immune response

Pigment production

Regulation of carbohydrate metabolism
Male sexual characteristics

Tendons and ligaments

Skeletal support

Muscle contraction

Production of serum proteins and numerous
enzymatic functions

Transmission of communication signals in the

nervous system

Egg white proteins for nutrition and protection

of the embryo
Eggshell proteins for protection of embryo

Nwg emtvyxavetal n kuttapkn dtadoponoinon;

\
B-Ahepgo-
®VTTOQO

Ootnd
®VTTAQO

Mvutxo
HUTTOQO

Mvutxo
®OTTOQO B Leugo-

®OTTOQO

OL ovwtepol TOAUKUTTOPOL Opyaviopol €xouv TOAAOUG SLadopeTkoUG TUTIOUG

e€eldikevpuévwy (Sltadopomolnuévwy) kKuttapwyv. Me ehaxloteg e€alp€oel OAa Ta
KUTTaPA EVOG 0pyaviopol ¢Epouv ta (Sl yovidia. H Umapén SltadopeTikwy KUTTAPLKWY
TUTIWV odelleTal OTO OTL OL SLAPOPETIKEG OUAdEG KUTTAPWY ekdpalouv Sladoplkd ta

yovidia Touc.




H nopeia npog tn dtadoponoinon
(ZXnMoTIKA KO AITAOUCTEVHEVAL)

OLodUvauo IToAvdvvauo

Totipotent PluripotentJ Commited

Agouevuévo

| | /
©® |DEVELOPMEN>/"’

Zvywto
Differentiated A

Awadopormoinuévo i/'
s

00C0 TEPLOOOTEPO MPOXWPA N EUBPULKNA AVATITUEN EVOG OPYAVLOMOU, TOOO TEPLOCOTEPO
TEPLOPLTOVTOL OL OVATTTUELOKEG SUVATOTNTEG TWV KUTTAPWYV Tou (dnAadn o aplbudcg Twv

SL1adOPETIKWY KUTTAPLKWY TUTTWV TIOU UTtopet va mpokUuouv amd kabéva amo autd).

o) To WO aiKO LOVTEAO AVATTTUENG
B) To puBULOTIKO LOVTEAD avATITUENG

v) To CUYKUTLOKO LOVTEAD avarmntueng*




To pwoaiko povtédo avantuéng tou August Weismann.
(Autonomous cell type specification)

1st cleavage 2nd cleavage

Weismann’s nuclear determinants

2TOV IUprVa Tou UywTol UTApXouV eL8LKOL TtapdyovTeg ol kaBoploTtég (determinants) mou
KATOVEUOVTOL OCUUUETPA KOTA TNV auAdkwon. Ot mopdyovieg autol puBuilouv To

nenmpwpévo (fate) Twv kuttdpwy (autovoun kuttapikn efedikeuon- autonomous cell type

specification).

To pwoaiko povtéAo avantuéng tou August Weismann.
(Autonomous cell type specification)

Differentiation
» of somatic
cells

sl
o'a“ 11

. . :
All determinants @) — Continuity of germ cells

Germ Germ Germ
cell cell cell

To povTENo auTO TIPOUTIODETEL OTL OL KUTTOPLKEG SLALPEDELG ElVaL OV LUUETPEG.




Ta nepapata Tou
Laurent Chabry (1887) Ectoderm N

Nervous
system —__

Animal pole

Anterior L R Posterior

Notochord

scle

Ectoderm

Adult tunicate
about 3 cm high

Notochord . _ Muscle
Otav ta PAactopepibia Staxwpl-cTovV
Kot KaAAtepynBouv in vitro, oxnuatilouv
TouGg Lotolg Tmou Ba  oxnuatlav

¢duacLoloyikd oto EpPpuo. 5 o Y
Endoderm Endoderm

Ta netpapata tov Wilhelm Roux (1888)

Hot needle Dead Living Half-embryo

P
Cleavage \ 5
| —— | —
/ \
\; y y |

4 N

Fertilized egg 2-Cell stage Blastula Neurula stage

...development of the frog is based on a mosaic mechanism, the cells having their character

and fate determined at each cleavage. (Roux 1888)




Ta nepapata tov Wilhelm Roux (1888)

Hot needle Dead Living Half-embryo
tissue tissue

VN occ:
[
\ ;
Cleavage
| — N — Ogt
v / \

O 000200

'&'-:4.‘53'3%‘?":&"
LTS

o._,;q",::agoo

oot
ges

N

Fertilized egg 2-Cell stage Blastula Neurula stage

...development of the frog is based on a mosaic mechanism, the cells having their character

and fate determined at each cleavage. (Roux 1888)

To puBpLoTIKO povtéAo avantuéng (Hans Driesch)

(Conditional cell type specification)

(A) Fertilization envelope

Remove =
fertilization there was, typically, a whole
envelope gastrula on my dish the next

| - morning, differing only by its
Separate small size from a normal one;

into 4 cells i
) . and this small but whole
¥ gastrula developed into a whole

@ @ and typical larva»

H. Driesch, 1892.

NéoL dpou: oAobduvapo

moAudUvapo KUTTapo.

Normal pluteus Plutei developed from Karra guv8rikn kuttapuk
single cells of 4-cell embryo EElaiKEUU-

larva
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To puBuLoTIKO povteAo avantuéne (Hans Driesch)

(Conditional cell type specification)

} Fertilization envelope

Remove 5
fertilization there was, typically, a whole
savope gastrula on my dish the next

morning, differing only by its
small size from a normal one;
. . and this small but whole
A\ ! ! \ gastrula developed into a whole
and typical larva»

' Separate
into 4 cells
A

H. Driesch, 1892.

Néol opot: ohoSUvapo
TLOA! OO KUTTOPO.

Normal pluteus Plutei developed from Kata O'UVe KN KUTTAPLK
larva single cells of 4-cell embryo €l6lKEUO'.
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Transplant normal
back cells to
belly region

A To avamtuélakd Ouvaulkd Kabe
BAaotopeptdiov eivat MOAU peyaAltepo

Cells form | transplantation Cells form anoé 10 Te\kd Tou nenpwuévo.

back tissue | (normal belly tissue
development)

7 To TEMPWHUEVO TWV KUTTAPWV
efaptatal amd Tt O€on otnv omola
Bpiokovtal.

Glass needle
removes

(puBuloTIKO pOVTEAO Kot  ouvlnkn
eelbikevon)

Normal
development




Insofar as it contains a nucleus, every cell, during development, carries the
totality of all primordia; Insofar as it contains a specific cytoplasmic cell body, it

is specifically embedded by this to respond to specific effects only.

When nuclear material is activated, then, under its guidance, the cytoplasm
of its cell that had first influenced the nucleus is in turn changed, and thus the
basis is established for a new elementary process, which itself is not only the

result but also a cause.

(Driesch 1894- Developmental Biology by S.Gilbert)

H avamntuén
OTO apHaVTIAAO
Dasypus novemcintus

3To apuaviiAlo amd  éva  €uPpuo
TMAVIOTE  TIPOKUTTOUV  (UGCLOAOYLKA
TECOEPA  OMAGEG  KUTTAPWV  TIOU
Slaywpilovtal MANPWE - £T0L TEAKA QIO
éva  (UywTO TPOKUTITOUV  TECOEPQ

£uBpua.
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Mwoalikn avantuén

7_Autdvopog mpokaBoplopdg KUTTAPLKWY TUMWV HEOW TNG ETUAEKTIKAG KANPOVOUNONG
OPLOMEVWY  HOplwv TIOU  Bplokovtal oOT0 WAPLO KAl ouxva avadepovtol  wg

KuttaponAaopatikoi kabBoploteg (cytoplasmic determi-nants).

71 To HEAAOV TWV KUTTAPWV Eivat TTPOKOOOPLOUEVO ATIO TO OTASLO TWV TPWTWV SLALPECEWY
Tou epppuou.

7 XapaktnplleL Ta MePLOCOTEPQ AOTIOVOUAQ.

> (@

Weismann’s nuclear determinants

101

PuBuiotiki avamntuén

2 «Katd ouvBrkn» (conditional) e§eldikevuon kuttapkwy TUTMWY pEcw aAANAETLEpAowv
LETAEY TWV KUTTAPWV.

7)1 To MEMPWUEVO TWV KUTTAPWV TTPOoKaBopPIleTAL OE OXETLIKA TILO TIPOXWPNEVO QVATITUELOKO
otadlo.

7 Xapaktnpilel Ta meplocotepa ormovoulolwa.

@m cleavage ‘an cleavage .
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Ta kUttapa Stapépouv petafd toug yati ekppalouv Stadoptkd ta yovidia Toug.

JTnV Mopeila NG epuPpuoyEvecnc UMopouV va TipokUPouv SLadopeTikol TUTIOL KUTTAPWY
pe U0 BaolkoUg TPOTOUG:

71 Méow QOUUUETPNG KUTTOPLKNG Slaipeong umopel ta dUo Buyatplkd KUTTapa va

KAnpovouoUv Sladopetikd popla (m.x. Stadopetikols UeTaypadlkoug mapAayovies) n

Spaon Twv omoiwv Ba kaBopicel ot cuvéxela mota yovidia Ba ekdpacouv. TEtola popLa

elval yvwotd wg KuttopomAaopatikol kaboploteég (cytoplasmic determinants) kat
kaBopilouv mpog mola katevBuvon Ba Sladopomolnbel To KUTTAPO (LWOAIKO HOVIEAO
avantuéng).

7 Ta kOTTapa aAANAETILOPOUV HETAEL TOUG Kot ol aAANAeTOpAoeLg auTéG kabopilouv To

mola opeia Stadopomnoinong Ba akoAouBrncouv (puBULOTIKO POVTEAD avaTTuEng).

103

Noapadeypa dtadopomnoinong HE KUTTOPOTTACLCHLOTLKOUG
KolOopPLOTEG

'S

Asymmetric distribution of Cell division

cytoplasmic determinants Different daughter cells

Mua kuttapikr Staipeon xopaktnpiletol wg aoUUETpn (asymmetric) otav ta Buyatpika

KOottapa  Sladépouv  petafd Toug €€ autiag  TNG  SL0POPLKAG  KATOVOUNG

KUTTOPOTAQCUOTIKWY KABOPLOTWY 0’ AUTA.
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O oxnUATIONOC HUWV oTo aoKidlo Styela partita

105

64-cel

T mepaparta toy S~
E. G. Conklin (1905)
oTa aAoKiSLa { Vegeu

> A5.2 =

Anterior
e a7.10 Brain
e S = a7.11 Palps
Ectoderm "% e a7.12 Epidermis
A ) a7.13  Sense organ
Nervous 67 B
sveterm g i . > a7.14  Epidermis
7 N » 27.15 Epidermis
Anterior 4 S = a7.16 Epidermis
: « Half-embryo s
= B7.1 Endoderm
Notocho | y
otochord - B7.2  Endoderm

+ B7.3  Mesenchyme

Endoderm Mesenchyme

: %;‘}@A;i'

—= B7.7 Mesenchyme

64 =
< B78 Musce
Epidermis,

* b7.9 < candalm

= b7.10 Epidermis

= b7.11 Epidermis

“e b7.12 Epidermis
Ak = b7.13 Epidermis
- = b7.14 Epidermis

i = b7.15 Epidermis
= b7.16 Epidermis

106



Styela partita - J. R. Whittaker (1977)
AviXVEUGH OKETUAOXOALVECTEPAONG

Blastomere pair B4.1
separated by glass needle

Muscle-forming cytoplasm
(“yellow crescent™)

H aketuloxoAwveotepdon ekdpaletal LOVO oTa MUTKA KUTTApa TNG AdpPac. Ao Ta TIELPALOTA
tou Conklin Arav yvwotd o6t ta B4.1 mopdyouv Ta MUIKA KUTTOpa tng AdpPag- ta
anopovwaoay (A), Ta kaAALEpynoav kat £8eLfav OTL mapdyouv akeTuAoxoAveatepdaon (B).
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Styela partita

J. R. Whittaker (1983)

Animal pole
= = s TiSSl!CIr_ICIl.Iding
muscle cells

» lissue including
muscle cells

Vegetal pole .
B Muscle-forming

| region

!
Needle pushes muscle-forming
cytoplasm into animal cells

AV HUE ULKPOXELPOUPYLKOUC XELPLOMOUC AANGEOUUE TO eMIMESO QUAAKWONG £TOL WOTE HLAL
TOCOTNTA KUTOPOTTAACpATOG ard to B4.1 va petadepBei oto B4.2, TOTE GTOUC ATOYOVOUG

Tou B4.2 mepthapBavovtal Kal PUika KUTTapa.
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E. G. Conklin J. Acad. Nat.
Sci. Philadelphia 13: 1-19
(1905)

macho-1 encodes alocalized mRNAin
H. Nishida & K. Sawada ascidian eggs that specifies muscle

Nature 409: 724-729 (2001) e R b Ll

Hiroki Nishida & Kaichiro Sawada
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Eight-cell embry - :
1ght-cet embiyo macho-1encodesalocalized mRNAin

ascidian eggs that specifies muscle
fate during embryogenesis

Hiroki Nishida & Kaichiro Sawada

. Nature 409: 724-729 (2001)

Macho mRNA

A

\

Macho added to
Control Macho depleted other blastomeres

S

~

Marker for muscle actin
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H npwteivn PIE-1 KATAVEUETOL LOUUUETPO OTNV TIPWTN OLUAGKWTLKI)
Saipeon

Kata tnv mpwtn Staipeon tg auldkwong tou eupplou tou C. elegans, n mpwteivn PIE-1
KQTOVEUETAL OTO omiocBlo TuApa tou gpPplou, oto éva amd ta Svo PAactouepidia.

2T0 OUYREXQUUEVO TOQAdEYyUor O €viomopos thg PIE-1  peletdrtor péow g
Onuoveylog wog vPeLdwmNns mwtetvng avdueoa oty PIE-1 xow tnv GFP, 1 omolo

111

Ta kUttapa dtadépouv petafd Toug ylatl ekdppalouv Stadopikd ta yovidla Toug. Itnv
Tmopeia TG epPpuoyévecng Unopouv va mpokUPouv SladopeTIKol TUTIOL KUTTAPWY E
SU0 BaolkoUG TPOTOUG:

1 Méow QCUMUETPNG KUTTOPLKAG Slaipeong umopel ta dvo Buyatplka kUTTapa va
KAnpovououv SLadopeTika popLa (m.x. StadopeTikolg HeTaypadLKOUC TAPAYOVIEG) N
Spaon twv omoiwv Ba kabopioel otn cuvéxela mola yovidla Ba ekdpacouv. TETola

popla elval yvwotd wg kuttaponAaopatikol kaBoplotég (cytoplasmic determinants)
kot kaBopilouv mpog mola katevBuvon Ba Siadopomolnbel To KUTTOPO (UWOAIKO

HOVTEAO avamtuéng).

A Ta kOttapa aAANAemdpouyV peTaty Toug Kal ol aAAnAemiSpacelg auteg kabopilouv
To ToLa mopela Stadopomnoinong Ba akoAouBnoouv (pUBULOTIKO LoVTEAD avamTuéng).
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Napadeiypata dtadoponoinong HECW KUTTAPLKWV
aAAnAenidpaccswv (kata cuvOnkn e€eldikevan)

Adwagogomointo . AL0LpoQOoTOLNUEVO
%®VTTO.00 %0TT0.00

Kuttapukr emwkowvwvia (cell signaling)
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TUMOL KUTTAPLKN G EMLKOWVWVIOG

a) Me aA\nAenidpaon UETOEY

EKKPLVOUEVWY  popilwv kAl  Slopep- Diffusion

BpaviKwV UTTOSOXEWV.

B) Me oAAnAentidpaon UETOEY Sl
5 . OV, °
LOUEUBPAVIKWVY TIPWTEIVWV o oO 5 e

@

: : second
V) Méow xaopatoouvdeéopwv (gap messengers
junctions).

Direct contact Gap junction

signal

O

second
messengers
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MNapadelypa: Tta yovidia Steel / Kit ko
n dtadoponoinon Twv PEAAVOKUTIAPWV oTa OnAaoTika

Skin fibroblast provides signal for
melanoblast to develop into a pigment cell

Steel
factor

Kit

4@.

fibroblast melanoblast melanocyte

H tehwkny Stadopomoinon twv HeEAavVOKUTTAPWY efaptdtol amod tnv oAAnAemidpoaon
woBAaotwv-pehavoPBlactwy. Ot tvoBAACTEG mapdyouv éva SLaAuto mapdyovta (Steel)
o omolog mpoodévetal otov unodoxea (Kit) mou Bploketal otV KUTTAPLKN MEMBPAVN

Twv pedavoBAaoctwy. H mpoodean tou Steel atov Kit evepyomolel To povomaTtt Tou ras.
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To povomnartt tov Kit

Steel (stem cell factor
) Receptor
Kit
Extracellular

Cytoplasm
ol 0D
Adaptor
J protein

Gl )> (D//\ Mitf Melanoblast-

specific gene

\H

Ras” Q’ / perasrsl » pANTANY ANVANY/ANSNY/NY

RAK

Tr nmnptmn
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Mutant White (Kit) Mutant Steel

MetaAAagelg tou Kit Kat Tou
Steel

©

No signal for melanoblast to develop

Wild type Mutant

kit / steel signal

transduction / == / =

pathway
/ Mitf Melanoblast- / Mitf Melanoblast-

specific gene specific gene

/ BZZ%SR\.«:M\“ / ;;%cww\ PPN/
p300/CBP Aev enqalovias T m\\éw‘wu 0‘0'1;0\)\ om
SO EOTOINoN TV nekavopflaotmy
@ OF ELaVOXTTTUOU

st "\u"\a&\é\.&\».

/i Tr ms«.npuan ”
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Atopa etepoluya yla petallaypéva alnAopopda tou Kit gudavidouv petald aAAwv
avWUaAieg oTo XpwHa Tou S£puatog. (Itov avOpwro ta avtiotolya aAAnAopopda ot
opoluyn kataotacn mibavotota Tmpokalolv epPpulkd Bdvaro. STOV TOVTLKO, OTNnV
opoluyn Katdotaon, oplopéva aAnAopopda mtpokalolv epPpulkd Bavato evw GAAa
mpokoAoUv  Suddopec coPfapég avwpolieg - oL movikol  elval  Aeukot).
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«A harmonious equipotential system»

e C Y 510 pUOULOTIKG poVTEAO Tlapdlo Tou  KGBE

mesomerces B B i i

\ KUttopo 6Ba umopoloe va OXNUATIOEL E€vav
0pYaVIONO TEAKA OXNUOTIlEL €va TUAMA TOU.
AMnAerubpaoelg pe aAAa kUtTapa meplopilouv
TO SUVAULKO TOU.

Two-cell stage Neurula stage

‘*g hot needle remains of . half embryo
;q%///\? ) e cell” 4
X NN

Gut-forming ’/ X \ A

macromere

[ \ \ / 11
. « | ]
\ | \ i
Mesoderm-forming e L el

micromeres tube

Ta apdiBlo akoAouBoUlv To pUBULOTIKO HOVTEND - av Ta §Uo BAacTtopepiSia amopovwbouv
and autd mpokUTtouv Suo TARpn Euppual To avtiBeto amotéAecua mou MAPATAHPNOE O
Roux odeiletal oto OTL S€V AMOUAKPUVE TO VEKPO BAacTOUEPLSLO.
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Anpovpyia ntpotunou

Xenopus laevis tailbud stage embryo

Dorsal (back)

Anterior £ & % W N B, ; Posterior

(head) ; S 7 1 L 3 (tail)

Ventral (front)

H Stadikacio katd tnv omoia ta KUTTAPA TOU QVOTTTUGOOUEVOU EUBPUOU OTOKTOUV ThV
TOUTOTNTA TOUC, KOl OPYOVWVOVTAL £TOL WOTE VO OXNUATIOTEL TO OPXLITEKTOVIKO 0XESLO TOU

owpatog (body plan).
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Remove
head _a&. Next,

first remove
tail Regeneration
—> — P

Anpovupyia tpotimnov kot ntAnpodopia O€ong.
(patterning & positional information)

Xenopus laevis tailbud stage embryo

Anterior
(head)

122

Dorsal (back)
4

Posterior
(tail)

Ventral (front)

H FoAAwkn onpaia epdavitel éva moAl amAd mPOTUTo - av

ntav BloAoylkd clotnua, Ba amoteleito amd tpia €idn

KUTTAPWV: UITAE, 0OTIPa, KOKKva. ME molo pnxaviopod o
ftav Suvatod va oXNUATIOTEL AUTO To amAd mpdtumo; Mia

AUon eival auth tng mAnpodopiag Béonc.




The French ﬂag analogy Each cell h:Tthep:tentlallzdevelop
WOIpert' 1968 as blue, white, or re

LR

< o

Position of each cell is defined by the
concentration of morphogen

71 O\a. ta kUTTOpa €xouv TN SuvatdtnTa va yivouv

AOTIPQ, KOKKLVA 1) UTTAE.

7 Ta KUTTOPA QTOKTOUV TNV TOUTOTNTA TOUG 1) TNV «TLUA

, anp , . Concentration
Bgone» (positional value) mou oxetietal pe tn B€on Toug |kl

KOT& KOG TNG YPAUMNAG.

7 H tun B€ong mpénel va aflomolnBel and ta kutTOpa

06NYWVTOC TEAIKA OTO OXNMATLOMO TOU TIPOTUTIOU.

< o

Positional value is interpreted by the cells

71 H amdktnon tg Tng 6€ong kat n aglomoinon tng ivat whichslirenialé to Torm & paltem

800 OSladopetikég un oxetilopeves Sodikacieq - n  [FNEE—_—. thresholds

of morphogen

«EPUNVELO» TNG TLUNG Béong efaptdrtal amo Tto KUTTAPOo

KoL TNV avarmtuéLlakn Tou otopia.

(T 1l

(o€ aA\n mepimtwon ItaAwkr onuaia)
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The French flag analogy Each coll s the ol o develop
Wolpert, 1968 o

e

D =

71 O armAoVUoTEPOG HNXAVLIOUOG TTou Ba purtopoloe va

LoxVel Baoiletal otnv KAion CUYKEVTPWONG KATIOLOU Position of each céll is defined by the

concentration of morphogen

HOploU - 1N OUYKEVTPWON TOU KATA WNAKOG TNG

VPappAG elval n Tipf 6éong (mAnpodopia). Concentration

of morphogen

71 YmoO€toupe OTL UTAPXEL KAmola TNy Tou

OAUOTOC AUTOU O0TO £val GKPo - N KAlon pmopel va

oxnuatiletal pe didyxvon *.

<o

, , , Positional value is interpreted by the cells
/2 Ta KUTTOPO OTIOVIOUV OE OUYKEVTIPWOELG- which differentiate to form a pattern

katwdAta  (threshold concentrations): o€ moAU Concentration
of morphogen

thresholds

PNAEG CUYKEVTPWOELG Yivovtal UTAE, o eVOLAEDEC

AoTIPA KoL OE TIOAU XOUNAEG KOKKLVQL.

7] ma
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The French flag analogy
Wolpert, 1968

Threshold 1
/

=
W
80
<)
=
s,
=
5]
g
Nt
5]
e
g
=
<)
g
<

Threshold 2

Low
O @ 00 oOOOo O o o Q
&P 9 %o or's o
00 8,0050 00 0
| o8 Booo © o o “o
Distance from source
Morphogen-
secreting cell (source)
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Mopdoyovo (morphogen)

Mia oucla n ormoia KATAVEUETOL ACUUUETPO OE KATIOLO TIEPLOXI TOU
eUPBplou emayel tn Sladopomoincn YETOVIKWY KUTTAPWY KOTO TPOTO
Tou_e€apTATAL ATIO TNV TOTLKN TNG OUYKEVTIPWON.

bicoid protein expression
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The FrenCh ﬂag analogy W0|perti Each cell has the potential to develop
blue, white, d
1968 as blue, white, or re«
To HMOVTEAO QUTO TIAPOUCLALEL SUO XOPAKTNPLOTIKA
N

NG AVATTUENG:
ns EI’] S Position of each cell is defined by the
concentration of morphogen

7 Avefdptnta amd TO HNKOG TNC YPOMUAC, TO oo

of morphogen

mPOTUTIo B OoXNUOTIOTEL owoTtd £d’ocov ol

OUVKEVTPWOELG TOU Hopdoyovou ota oplo gival *
otaBepéc. tijale] o] ¢

S o

2 To ov OTNMA EXEL TN 6 uvatotnta avayevvnong Positional value is interpreted by the cells
which differentiate to form a pattern

TOU TIPOTUTIOU. AV ylo. TAPASELYHA €va TUAUO

Concentration thresholds
of morphogen

amokoTel To mpotumo Ba eykaBibpubel ek véou

(ep’000v KOl OL OpPLAKEGC OUYKEVIPWOELS Ba

;

£YKaB16pUBOUV)- pUBULOTLKO.
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KAion popdoyovou

[Moogoydvo]

2
1 Tovido

H evepyomoinon, og SLApOPETIKEC CUYKEVTPWOELG,TwV yovibiwv 1,2 kat 3 Statpel to £uBpuo

O€ TEOOEPLG TIEPLOXEG. KABE TtepLoxn xapaktnpiletal amo evav Stadopetikd cuvSUAGHO.
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KAion popdoyovou

ANNNN\N\\NW7777/1//4
eo0o0|([00o0

Av tonoBetricoupe §gUTeEPN TNy TOU HOPHOYOVOU OTO TOTE MEPLUEVOULE VO SUTAQCLACTOUV

KAamoleg SOUEC (APKETES POopES 0 BAPOG ANAWVY).
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KAion popdoyovou

H elooywyn evoc adlamépootou Gpaypatog MPokaAel oxnUATopd evog peyAdAou Kevol OTo

TPOTUTTIO: XAVETOL TO HULOU TOU TIPOTUTIOU TOU EUMPOCOLOU TUAMOTOG TOU CWUATOG, KABwE Kat

LEPOG TOU TIPOTUTIOU TOU OTILOOLOU TUHHOTOG
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Anpovpyia tpotuou

Xenopus laevis tailbud stage embryo

Dorsal (back)

Anterior {4 '} & 9 ; : Posterior

(tail)

Ventral (front)

H Stadikacia Kata tnv omola Ta KUTTAPA TOU QVATTTUGCOUEVOU EUPBpUoU
QTTOKTOUV TNV TAUTO TOUG, KOlL OPYQAVWVOVTAL £TOL WOTE VO OXNLATLOTEL TO
OPXLTEKTOVLKO 0X€SL0 Tou owuatog (body plan).
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KAion popdoyovou

I Additional polarizing region grafted l Small number of polarizing region

Nomal limb to anterior margin cells grafted to anterior margin

Limb buds [ pogterior Anterior | | Posterior Anterior | | Posterior Anterior

polarizing

region apical ectodermal ridge
[= e

Concentration
of morphogen

-4

Thresholds
|5 for digits
2

Digits
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EG10. TOV TTEPANATOG O iV

A7n6 k60g meproyn 0o avarTuyBei évo Tunpa Tov epfpivov

To éuppvo 0o medaver

BOa avamTvyBovv 60 TAMpN Epnfpua

Oa avantvyfei éva 6VooCOUATORE KVTTAPOY OV dev Ba Bupiler EpPpuvo
Agv £yo Wéa

B Normal

development

Zygote . Animal cag Animal cap

only plus
Animal

l A_\"”Lr omeres
cap g
Mesoderm
progenitors

Micromeres
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Dissected blastula fragments give rise
to different tissue in culture:

Animal —»

cap cells

Marginal

———— (equatorial) —»

cells

——— Vegetal ——= | Endoderm |

cells

Germ layers Organs

3tov Xenopus To HECOSEPUA
oxnMatileTal amo Ta KUTTaPa ToU Endoderm qut, liver, lungs
EVTOTI{OVTAL OTNV LONMEPLVI) TIEPLOXN).

Mesoderm skeleton, muscle, kidney, heart, blood

Ectoderm skin, nervous system

135

epidermis

Blastula Bloodlike

Animal —— P G Activin @@ Cel_ls}.]c[gelmmc
al — - resumptive Q» epithelium,

20 ; ~0.1 ng/ml
hemisphere ectoderm mesenchyme

Activin
~1 ng/ml Mk\'msde cells

Saline (with or
without activin)

\’o{get‘ll A(livin’ i % N(ﬁlnchnrd
hemisphere \  ~10ng/m & cells

Activin
~100 ng/ml

Uttapa Tou {wikol nuodatpiov oxnuatifouyv in vitro pecodeppikd KOTTOPA
amokpLVopEVa SladopLkd o€ AUEAVOUEVEG CUYKEVTPWOELG aKTLRIlvNG-a.
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Beads containing
no activin
A

~
Animal
cap cells

(B)  Beads containing

I nM activin

(low concentration)
\
A

Beads containing

4nM activin

(high concentration)
Y

Region of
Brachyury
expression

Region of
K]

fgoosec L".U

expression

Awadopetikol petaypadikol mopAyovIEG EMAYOVTOL OE
S1apOPETIKEG CUYKEVTIPWOELG aKTLBivnG-a.
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r Activin beads

— Region .Of goo:wrold gene
|| expression (high concentration)

~ Region of Brachyury gene
| expression {low concentration)

|| v ) g

. r— Very low expression (no

| | mesodermal gene activated)
_.];|

e

Number of
occupied
receptors

300

100

High
Activin concentration
(distance from source)

H aktiBivn-a mpoodévetal oe umodoxeic. O aplBuog twv umodoxewv oe KABe
KUTTOpO elval mepimou 500. Otav eivat katelAnupévol ot 100 To KUTTApPo ekdpalel
TOV HeTOypOdLKO Tapayovta Bra kot oxnuatilel TAEUPOKOIALOKO HeCcOdepuA. AV O
0opLOUOG TWV KaTelANUUEVWY UTtoSoxeEwv Eemepaoel Tou 300 to KUTTOPO ekppAlel
TOV PETaypadIKO TOPAYOVTA gSC Kol oXNUATileL poylaieq SOUEG T.X. vwToxopdn.
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ITAgvpik1] avaotoin

@+ <G+ G

N PN AN
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Xe TOMEG TEPMTMOCELS TOPOTNPOVLE
eMOVOAAUPAVOLEVES SOUES (TT.Y. OTEPQ)
0€ KOVOVIKT O14ToEn.

Xy mepinTmon ot 6TV KotofoAn
™G JopNG OAOL TOL KUTTOPO EYOLV TN
SuVaTOTNTO VO CYNUOTICOVY OVTH TN
doun, OUMG TEMKA HOVOV  UEPIKE
akolovBovv oavty TV TOYM. AVTO
ovpuPaivel emedn to. KOTTOPO OLTE
£€Youv N OLVOTOTNTO VO OVAGTEAAOVLV
™ JPOPOTOINCT| TOV SUTAOVDV TOVG -
ovtdg 0 UNYovVIGHOg  ovopddetan
mievpikn ovactoln (lateral inhibition).

Ta yovidia Delta / Notch otn Apocodila

Kotd v avdatuén tov vevpikod
GLGTNHOTOG TN APOGOPIAQL, TPV
oo TNV ELPAVIOT] OTOLGONTOTE
KOVOVIKNG QOUNG TO TPOVEVLPLKA
yovidl TOL YOVIdLKOD TOTOL

achaete-scute  exopdlovtor oe

€V0l KOVOVIKO TPOTLTTO GE OLASEG

KUTTOpOV ~ mov  ovopdlovton
TPOVEVPIKES GVGTAOES. XTAOLOKE
N €ékepaoct Tovg meplopiletor o
éva povov kuttopo amd Kabe
ovotada. To kOTTOpPO 0VTO Oa
yiver vevpoPAdoTng.
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Avtd mov @aiveton 6tt ovpPoivel elvar 6Tt TO KVTTOPO €KEIVO ©TO OMOi0
TopaTnpEiTaL LEYaADTEPT cLYKEVIPMOON TV achate-scute, €ivol T0 KOTTOPO EKEIVO
70 0700 dlaTnpPel TNV EKPPACT) TV YOVISI®V OVTMV, EVAD TOVTOYPOVO KOTOUGTEALEL
TNV £KPPOGT TOLG GTA VITOAOUTH KUTTOPH TG CLOTAONG = TAEVPIKY CLVO.GTOAN).
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To povomnatt tou Notch kat n mAgupik avactoAn

Delta ligand

~

b=

Notch
receptor

H Notch givon peydln owpepppoviky npoteivy. To s€oxvttdpro Tpipo
oépel 36 emavaiappavéopeva Tpupote wov poralovv pe tov EGF eve to
EVOOKVLTTAPLO TUNRO QépeL To emavoropfavopevo potifo cdell/ankyrin. H
Notch givor 0 vTrodoy£ag yia dvo Tapopore. popLa T Ko 1 Serrate.

142



/ AAA] TAAN x#\f

e /\C/ K —\ /l\/ <
)\, AKRIAN

Q : /)* K /\%
/\/\ \< \< >/
haaaadl YQ\

/ pr oneural proneura] Agv E%(deZ;OVT(XL T

genes genes proneural genes.
é é & (NON neural fate)
2 SNy =L \

. N //\w/,y
r N ﬂ@f_ﬁ_\

NS

é Ex@odCovtol to

] proneural genes.

proneurd proneural NEURAL FATE
4

genes ) genes

To K0TTOPOo TOV EKPPALEL YNAOTEPO EMITEIA TPOVEVPIKDV YOVISI®V eKQPALeL emiong
neplocotepo Delta. AAAnLenidpacn Tov vodoyéa Notch pe Tov mpocdétn tov Delta,
€XEL TEMKE G OMOTELEGLOL: L) TV GUVEYN EVEPYOTOINGT TOV TPOVELPIKMY YOVIdI®V
670 KOTTOPO OV GpyLoe Vo eKPpalel ynAdtepa enimeda TV Yovidiov avtdv Kot B)
TNV KOTOAGTOA TOV TPOVELPIK®Y Yovidiwv kot g Delta ota vidhowma KdTTOpa ™G
TPOVELPIKNG GLGTASOC.
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To povornatt tou Notch ignali Delta

lUI”lrl L1
RIRITINIT

Evepyomoinon tov povomartiod tov
Notch éyet ¢ amotéhecpa Vv

/Notch
T 0 L T
EVEPYOTOINGT WIOG TPOTEASTS M . L ;}":",:‘;J%J }‘JE'I!J.‘.‘:";'!W} E}“,!:'

omolol  GTOKOTTEL TO  KLTTOPOTAO-
OUOTIKO TUNUO TOL VTOJ0YEN, TO
omoio  petatomifetor oTOV TUPYVL RIS

OOV EVEPYOTOLlEL TOVG HETOYPUPL- ‘M\
KoUg  mapdyovteg  supressor  of

hairless. Avtol kotoctéAlovv 1T ,Q

HeToypapn T®V TPOVEVPIKMOV

Receiving
cell

yovidimv @ Target gene
,—A_'_.___.\

Activation of genes that
suppress the neural fate
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proneural proneural

genes

&'K proiural g\ pro?eura]

genes genes

/ Enhancer-of- \

split proteins

/7 vy

Suppressor-  Achate-scute
of-hairless proteins

IS

1

Achate-scute  Suppressor-
proteins of-hairless

A 7/

Enhancer-of-
split proteins
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Receiving
cell

Protease

B oD
@ | Target gene
S

- t——*
Activation of genes that
suppress the neural fate

MNowog eivan o patvatunog petaAlagewv oto Notch
n oto Delta ;
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Avokedpalaiwon
Anpovpyla tpotunou

2umérspuan B e(Dae=(D=>
| SN AN AN

A) KAion popdoyovou
B) MAgupikr) avaotoAn
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Enaywyn (induction) & &sktikotnta (competence)

O opyavwti¢ (organizer) twv apdBiwv
Hans Spemann and Hilde Mangold 1924

Dorsal lip of blastopore grafted from an
unpigmented species of newt to the
bl | roof of a pigmented speci X

Triton cristatus / =
(MC

gastrula

L) dorsal lip \ G e
| ) — of blastopore " .
' secondary (induced) embry

A secondary embryo is induced

s . N

blastocoel

Y
Primary | Secondary
structures | (induced)

| structures
neural tube |

notochord |_notochord

Triton taeniatus - neural tube

gastrula

Metopooyevon tov poyieiov xethovg T0v PAOCTOTOPOL EYEL OC OMOTEAEGUO TN
onuovpyio gvog devTEPOL EPPPVOL.
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Enaywyn

Enaywoyn (induction) ovopdletat To @ovopevo Katd To omoio pid opddo KuTtdpov
ToVL gufpvov mov ovopdlovtat eraywyeic (inducers), petafifdlovv onuate o pa
dedTepn opdda KuTTdpmV mov ovopdlovtatl anodéktes (responders) emnpedlovtog
LE TOV TPOTO AT TN JLPOPOTOINGT TOVG.

Inducers Responders

Inductive
signal
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Muwa osipa enaywykwv ¢pawvopévwv e§acdalifouv tnv dievbétnon
TWV LOTWV KATA TNV KOLTOLOKEUR TWV 0pYAVWV.

... form tissues . . .

. . . . which, with
Intestinal - TN 7 other tissues,
epithelial cell AN form organs.

Intestinal
epithelium

Small intestine
{animal organ)

Muscle
layers

Connective
layers
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O oxnuatiopog tov pakol Tou patiol ota crovéulolwa

Early optic

prospective

retina retina
Cornea .
~Future
—_— optic
nerve
Lens
placode

Ta mpotoyevn 0PBoAKA KVGTIOWL ETGyOVV TO eEDdEPLL TTOVL PBpioKeTorl amévavti
TOVG VO GYNUOTIGEL TO TAUKMOO TOL QOKOV, TTOV GTI] GLVEXELD EYKOATOVETOL TPOG
TO TPMOTOYEVES 0POAALLKO KVGTIOW oYNUATIOVTOG OPYIKAE TO EVIVTMLLO. TOV GOKOV

KOL  OTn GCLVEYEWDL TO KVOTIO tov @akov. Tavtdypova 1o ORTIKO KLOTIOW
LETATPETETAL GE £VOL KUTEAOELOES LOPPDLOL, TO OEVTEPOYEVES OTTIKO KVGTIONO.
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To OMTIKO KUOTISLO EMAYEL TO OXNIATIONO TOU PaKOU

Normal s s Optic vesicle is
induction ; removed; no
of lensby lens is induced
optic vesicle

Trunk

AV 0mOLOKPVOVOVLE TO TPMTOYEVES OTTIKO KLGTIO0 gV oynuatiCeTon poKoc.
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AAAoL Lotol Sev ptopoUV VoL UTTOKATALGTI)COUV TO OTTTLKO KUOTLSL0
OTHN IOPOLYWYN TOU EMOYWYLKOU ONOTOG

Tissue other than
Normal 8 optic vesicle is
induction _ 9 »~" implanted; no
of lens by > induction occurs
optic vesicle

Trunk

Mmopel T0 OnTIKO KVGTIO0 VoL ETAYEL GAAA KOTTOPO TEPAUYV OVTAOV TOV EEDOEPILATOS
™G KEPAMNG, Vo dlapopomoBody Ge KOTTOPO TOL PAKOV;
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Agv givat OAa Ta KOTTOPO SEKTIKA 0T EMAYWYLKA OrLOTOL TOU
omtikoU KuoTiSiov

Normal

of lens by
optic vesicle

Optic vesicle
cannot induce
ectoderm that

is not competent

O pOLog TOV TOOEKTAOV OEV Eivar TOONTIKOS.

Agktikdmra (competence) ovopdletor 1 KOVOTNTO OGS ORASOS KVLTTAP®V
OVTOTOKPIVOVTOL GE £VOL EMOYWYTIKO GY|LLOL.
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O pOAog Tou yovidiou Pax6 G6TO OXNHUOTLGLO TOU HaTLoU

Presumptive Optic cup g Invaginating lens
Iéns cells (presumptive retina 3

_~Cornea

Early optic
prospective
> retina retina
Cornea :
Future

/oplic

nerve

placode

To yovidto Pax6 exopdletal 6Tov ontiKd Hioyo alAd Kot 610 EDIEPU TNG KEPUANG.
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O dawotunog Twv peTaAAaypdatwyv Pax6

)

at

£ 8 lateral nasal
g ﬁ prominance
g

T~ Nasal pit

Lens pit

Medial nasal prominance

Xtov avOpomo otr petarrdéelsc tov Pax6 oe opolvyowtic mpokaAodv cofopd
wpoPAnpato Kot petald dAA®Y avo@OaApio.
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O dawotunog Twv petaAAaypdtwy Pax6

Xenopus Human

Pax6
deficient
iris
reduced

Yta dropo mov etval tepoluya yra pee petdAraén Tov Pax6 omovctdlel ) ipda
(aniridia) avendprelo amAogdiog.
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Optic Surface Lens
vesicles ectoderm induction

Ileypdporto cvvovacpov in
vitro e£®oEéPRaTOg NE OTTIKG.

K‘l)()"l'l'ﬁl(l. Wild-type Wild-type

H mnpoteivn Pax6 xdaver 1o Paxgibxs " hWild:lype
KOTTOPOL  TOL  €EMAEPLOTOC

OEKTIKA OTO EMOYWYIKO oNo

TOL

OTTIKOV  KvoTdiov -

(mapdyovtog  dektikdTnTOG -

com
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-450

Pdx1 Pbx1 l’?xl Pbx1 Pdx1 Paxé CREB +1
) Rz

petence factor). Wild-type Pax67/Pax6”

Pax6"/Pax6 Pax67/Pax6”

O petaypadikog napayovtag Pax6 emnpedleL ota

OnAaotikd tTnv avantuén Tou patiov, Tou VEUPLKOU
CUOTAHOTOG KOL TOU TIOLYKPEQLTOG.

Tovidio tng 61 kpuotaAlivng oto kKotdmoulo

Enhancer DNA
A
+2218
Promater e, +1706 Fast MARL |
( o SEE T
GC TATA b TARTARTARY AT S AYARWA IR o w0 o - Y a e aw el oy

TovidLo tng cwparootativng otov apoupaio

T emayer v ék@pacn Tov Pax6;
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Ta ocuvBeta patia (compound eyes) Twv EVIOUWV

«It requires little persuasion to become convinced that the lens eye of a
vertebrate and the compound eye of an insect are independent evolutionary
developments.»

L. Salvini-Plawen and E. Mayr (1961)
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Ztn 6pocodila ektomikn €kdpaon Tooo tou eyeless 600 Ko Tou Pax6
TPOKAAEL TO OXNUOATIOUO EKTOTULKWY LLOTLWV.

)

aP
‘ 023_\ r ®
LIS —

GAL4
; GAL4binding  Pax6

activator '
protein sites ¢DNA

Specific GAL4
imaginal disc
enhancer

sequence
\

— \—' : — = —
Tissue-specific expression — Tissue-specific expression
of GAL4 of Pax6 cDNA

:

Pax protein
in new place
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Ka@odnynTikA Ko EMITPEMTIKA EMAywyn

Ztnv kKaBodnyntiki emaywyn (instructive induction) To o ano toug
EMOYWYELG lvor ylwa va EEKWVAOEL N €Kdpacn KATIOLWV
YOVLSiwV 0TOUG QIOSEKTEG.

TNV KaBodnynTik EMOywyn O QUITOKPLVOMEVOG LOTOG OUVAOWC ETIAEYEL
HETAEL SLadOPETIKWY AVATTTUELAKWY LLOVOTIOTLWV.
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Ka@odnyntikn Kol EMITPEMTIKA EMaywyn

Enaywyn

Kabodmyntuxn

EE emagng ALaEOULON GUYREVTOWONG NOOPOYOVOV
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Ka@odnynTikn Kat EMITPENTIKA EMAYWYI)

ZTNV EMTPENTLKA enaywyn (permissive induction) o anmokpwvopevog LoTog
XpPeLaetatl anAd éva nepBaAAoviiko G TO OTIOi0 TOU
TO SUVALKO TOU (TO SUVALLKO OUTO LUTTAPXEL AVEEAPTNTA OO TO
TnePLBAAANOVTLKO OraL).

ZTNV EMUTPEMTLKA EMAYWYHN O QTOKPLVOHEVOG LOTOG EXEL LOVO £VOL LOVOTIATL
TIOU MMOopPEL vl akoAou BN oeL- 6ev eETUAEYETAL HECW TNG EMAYWYNAG N TUXN TWV
KUTTAPWV- ANAQ OVOLSELKVUETOLL.
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EMUTPEMTIKA EMAYWYN

/pronephros v

<0

\
\

A Do\

2 |
St
»

metanephric \ \
blastema p \

) \ | [ ~_/—developing
N4 4 ureter | / { /" renal
L \ tubules

ureteric bud

o glomerul\us
cellular
condensation

ureteric bud tubule formation = duct fusion
‘ |
1 g
b bt ‘ )

! renal tubule

Mo v eroyoyn TOV Ve@pOVOV 00 TO NETOVEQPIKO NEGEYYLHO E€ivar
omopoiTnT) 1N 7Opovsic. NG KotofoAs Tov ovpnTipo. To peTaveQplkod
REGEYYVHO OEv €YEL TN] OVVATOTNTO VO oYNpoTicel Timote GAlo mapd pévo
VEQPAOVES 0ALA EMPLAOVEL HOVO TO.POVGIN TG KATABOAG TOV OVPNTIHPC.
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Ka@odnynTikA Ko EMITPEMTIKA EMAywyn

Emayoyn

Entoentinng Kobodnyntixn

EE emagng AL0BEOULON OVYZEVTQWONG LOQPOYOVOU

D

Tloedryovtog

o
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AAANAemdpacelg petafl emOnAiwv Kol LECEYXUHOATOC
(epithelial - mesenchymal interactions)

Meoéyyopa: Mg 10V 0po 00T6 avo@epOpacte 6 gufpuikovg 16T00¢ TOV
omoi®Vv 10 KUTTOPO &ivol yolopd ovvoedepévo petald Tovg Kou €Qovv Tn
dvvatotTnTOo va RETAVAGTEDOLV.
To peogyyvpaTikd KOTTOPA TPOEPYOVTOL 0T6 TO NEGOSEPIE 1] GO TNV VELPIKY
0KpoLoQia.

EmOnia: Iotol TV 0moimv Ta KOTTOPO £ival 6TEVE GUVOEdENEVA NeTAED TOVG
KOl 6uyva oynpotifovv pepPpdveg ov 0moieg KOADATOUY OLAPOPES EMPAVELES
Kol KOWLOTNTES T0V CONOTOS.
To emOio pmopel va mpoépyoviar amd 0moL0ONTOTE 06 TIS PAOCTIKES
oTifaoss.

IHoAAé 6pyava amoTeELOVVTOL 06 £va ETONAL0 KOL EVOV HECEYYVLATIKG 16TO -
peTagV TOVS aVUTTIGGOVTOL 6VVIOMG MUy OYIKES AAANAETIOPEGELS.
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ANNAeTSpAoeLg LeTAED ETONALWY KOl LECEYXUHOTOG

Epithelial - mesenchymal interactions

Organ Epithelial component | Mesenchymal component

Cutaneous structures(hair, feathers, Epidermis (ectoderm) Dermis (mesoderm)
sweat glands, mammary glands)

Limb Epidermis (ectoderm) Mesenchyme (mesoderm)

Gut organs (liver, pancreas, Epithelium (endoderm) Mesenchyme (mesoderm)
salivary glands)

Pharyngeal and respiratory associated Epithelium (endoderm) Mesenchyme (mesoderm)
organs (lungs, thymus, thyroid)

Kidney Ureteric bud epithelim Mesenchyme (mesoderm)
(mesoderm)

Jaw epithelium (ectoderm) Mesenchyme (neural crest)
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Torukn €€elbikevon kot Emaywyn

Source of Wing Specific induction
dermal epidermal

Le mpowa  oTad TG mesenchyme epithelium

ovartoéng TOV dxkpov 1
emogppion &xel ™m . ; 2 Wing
dvvorotnra va 185k © : r feather
OVTOTOKPIVETOL  OL0QPOPIKA & ST %

G GNLATA TOV TPOEPYOVTAL : -

ané T0 peogyyopo. To Thigh

pecéyyopa  givar  vaevOvvo T8 a5 feather
Y. v TomiK1 &&eldikevon
TOV OEKTIKOV €mONAiov.

Scales,
claw

M opdoo KvTTdpov pmopei vo £xel TN ovvaTéTNTO VO 0vVTOTOKPLOEl of
TEPLOGOTEPO. TOV EVOG EMAYOYIKA CNNATO, ILE OLOPOPETIKG KGAOE popd TPOTTO.
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To avantuélako otadlo oto onoio Bploketal pia opada
KUTTAPWV ENMNPEALEL TN SEKTIKOTNTA TNG

(A} Dissected blastula fragments give rise
to different tissue in culture:

Animal — | Ectoderm

cap cells

Marginal

(equatorial) — | Mesoderm

cells
——— Vegetal ~» | Endoderm |
cells

(B} Animal and vegetal fragments
give mesoderm

—— Animal cap {presumptive
ectoderm) is converted to
Mesoderm
—
T by factors released

from vegetal cells
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«Avtiotpodn poAwv»
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Ta kvTTapa 10V {OIKOY TOAOV £(0VV TN dVVATOTNTA VO
OTOKPIVOVTUL GTO ETOYMYIKG o pato (£ivol OEKTIKA)
TOV QUTIKOV KUTTAPOV Y10 ETTA DPES.

H deKkTIKOTNTO 0TOoTEAEL P10 HOUVOUIKT KATAGTOG).

7 8 9 10 11 12 13 14 15 16
| | | N I I I I

Hours after fertilization >

~ from a Xenopus - 5 ‘ For 7 hours cap cells are ‘competent’ H
~ blastula RE to be induced to form mesoderm

o
53

TR

'

30
go'a
=u

Muscle gene
After 11 hours cells| | expression in
lose competence induced cells

&
Xy
.,

Cs :

Ka0ag mpoyopd n avédmtoén n tkevoTnTo TOV KUTTAP®OV VO OVTUTOKPIVOVTL
O€ EMAYMYIKA 61PoTo peETUPaAieTOL.
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H nopeia npo¢ tn dtadopomnoinon

Totipotent " Pluripotent Commited ,%:; V4
Olodvvauo IToAvduvauo Agopevpévo

€ [DEVELOPMEHN > Y 4

y

"

Zvywto ¥y
4 Differentiated 4 -
Mwdoporoinpévo 47 { ‘ )

7/

!

H owowkocio katd tnv omoio To kOTTOopo £Egrdikevovrar ovopdaleTan
owa@opomoinon (differentiation) .

H oéopevon (commitment) mponyeitor g TeEMKNS owepopomoinone. Eva
ogopevpévo (commited) KUTTOPO 0Oev OLOPEPEL QUIVOTVMIKG amd éva pn
0EGHEVPEVO- OPLMG £EL 01 TEPLOPLGTEL TO AVATTVELOKO OVVUIIKS TOV
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H nopeia npo¢ th dtadopomnoinon

rEE(i7bsgua —| | Meo6deoua | | Evoodeoua |

| Emogouioa | | NevQoermOiLo |

TIp6obLog Méoog OmioBlog Notioiog
eYEQPOAOg eyr€QULOg £ynEQPUA0g uveAdg

| Poufoueoés 4 | | Ahheg TTEQLOYES ‘

Iepapyio Tomkilg &Eedikevong katd v avdntoén. To kdtropa mov
OVYKPOTOUY TO popfopepés 4 Tov omicOwov eykepdrlov Tpémer
TIPONYOVPUEVOS VO, £YOVV  «OTOPUGICEL apykd 6TL 0o oympoticovv
eEMogpn, KoTOmY VEVPOETIONAI0, 61N GUVEKELD OTicO0 eyKEQOAO Ko
TEMKA popPopepég 4.
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H 8éopevon pnopel va xwplotei o duo otadia:

E€c dikevon (Specification)

NpokaBoplopog (Determination)
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E€s1dikevon ka MpokaBoplopog

The presumptive eye region of a gastrula, transplanted into the trunk of a neurula embryo
forms structures typical of that region

transplantation tissues from host somitic tissue

ga.;trula host neurula

tissues from transplant

A transplant from a later stage embryo develops as an eye

transplantation eye-like structure formed from transplanted tissue

(C /’ ) @’)
neurula host neurula

Evo xittopo ovopdleton mpokaBopiopévo g 7mPog KAmowo  wopeia.
OL0PoPOTOiNoNG, 0TaV givor dedopuévo Mg 0o axorovOncel TV mopeio ovTy,
OKOPO Kol av PETOPOoyEV0el o€ pio Sro@opeTikn mEPLoy] Tov EuPfpvov Kou
emopévog ektelel oe emayoyikd epediopata mov oTPEPOVY TO KOTTOPU GE
OLULPOPETIKOVS UVUTTVELOKOVS TPOOPLEHOVG.
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E€s1dikevon ko MpokaBoplopog

Normal fate Region B not specified Region B specified Region B not determined Region B determined

&

. transplanted region labeled transplanted region labeled
Region A

Region B

©
\ 4 \ 4
4 =

D
E}
\%
2
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o
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E
N
A\ 4

| 5 ) I e
|2 e B K B

Evo xvtrapo Ocmpseiton e&e1dikevpévo Yo pio mopeia o10popomoinong, 6tav 6e
nEPITTMON TOV 0TOpovOOEL awd To vTéiouto EpPfpvo Ko KaAliepyn0er o€ éva
omAh0 (00V0£TEPO) OpenTIKO pnéGo, akorovBel aVT TNV TOpEio drapopomoinonc.
Evo ege1dikevpuévo KOUTTOPO pmopel vo akoAOVONGEL O10QOPETIKY avomTTLVEIOKY]
nmopeia edv ektedel o€ KaTGAMALO eTay@yIKd epedicpaTa.
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