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ELEPHANT MAN

\ommarrd for 8 Academy Awards'

A Story ol Bravery

A Triumph of Humanity. /
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BLoAoyia Avantuvéng
Ta BaoclLka epwTtApaAT

Katrina Logan
and
Geoff Logan

Avarmopoywyn
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BLoAoyia Avantvéncg
Ta Baoclkd epwTtApAT

Las meninas, Diego Velazquez 1656




BLoAoyia Avantvéncg
Ta Baoclkd epwTtApAT
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BLoAoyia Avantuvéncg
Ta BaoclLka spwTtApaAT
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BLoAoyia Avantvuéncg
Ta BAGLKA EpWTAHAT

(B)

Absence of ear

Absent thumbs

Absence of arms

Severe shortness of arms

Dislocation of hip
Malformation of ear

Absence of legs
Severe shortness of legs

Malformed thumbs

34
Days after last menstruation

MNepLBaAiov




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 BoaktApla dieyeipouv tn draipeon Twv BAACTOKUTTAP WV
kot Tn dtadopormnoinon oto Eviepo.

(B) Germ-free + bacteria

(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 11t" ed) https://doi.org/10.1073/pnas.0400706101

Percent of cells in S phase (dividing)




EVTEPLKO MIKPOBLWHA KOl AVATITUEN TOU VEUPLKOU
OUOTNMOTOC
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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, CA1 region of the
dorsal hippocampus). (B’) Bars show expression of BDNF mRNA (nCi/g) in the BLA and CA1l
region of SPF and GF mice.




Atopkotnta Kat Zuppiwon -
OLTtO TO ALTOO0 0TOV oAofBlwTn

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: 0 OPYAVIONOG Mol LE TOUG HOVLOUG GUMPBLWTEC TOU.




BLoAoyia Avantvuéncg
Ta BAGLKA EPpWTAHAT
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BLoAoyia Avantvéncg
Ta Baoclkd epwTtApAT

Jeann Calment, yevébAla 122 stwv 1997




BLoAoyia Avantvuéncg
Ta BaoLKkda epwtnp.ata




BLoAoyia Avantuvéncg
Ta BaoclLka spwTtApaAT

Avaygvvnon




2012 Nobel Prize in Medicine

J. Gurdon A CINELELE]
Department of Zoology, University of Cambridge Institute of Cardiovascular Disease, San Francisco

"revolutionized our understanding of how cells and
organisms develop"




BLoAoyia Avantvéncg
Ta Baoclkdad epwTtApAT

Mpodpoua

Nevpoodaipidio oAyoSevSpokiTTapa

EuBpuika BAaotokuttapa & Mnxavikn lotwv




BLoAoyia Avantuéncg

2 EuBpuikn avarmrtuén

~

2 MetepPpuikn avamtuén (avénon, petapopdpwon, ynpovon)

2 Avaygvvnon

2 EEEALEN TWV HNXOVLIOMWY TTIOU EVEXOVTOL OTNV AVATTTUEN

lateral
[ digit

Hyracotherium Parahippus Pliohippus  Equus (domestic horse)

S S S S S S ————
55 50 45 40 35 30 25 20 15 10 5 0
Time (millions of years from present)




....a science of becoming,

a science of process...

Scott Gilbert




ArtaAsippa 10 AenTtwyv




BLoAoyia Avantvéncg

O ApLOTOTEANC €lvol O TIPWTOG TIOU QOXOANONKe pE TN HEAETN TNC avamtuéng- HETay

AAAWV £0€0E Eval EPWTNMOL TIOU ETIPOKELTO VO ATtavTnOel opLloTiKA 22 alwveg apyotepa!

H avanmtuén oto KotomouAo.
Malpighi, 1673

Me molo tpormno oxnpatilovtal To LEPN Tou eUPpuovu;
Mpooxnuatiopoc n Emwyéveon;




BLoAoyia Avantuéncg

Mio. oeLpa TOPATNPNOEWY TIOU Eylvayv Katd to 190
awwva odnynoe otnv amnoppwpn tng Bewplag tou
NPOCXNUATIOMOU:

7 H kuttaplkni Bewpla - mopatApnon Twv wapiwv.

72 Alatummwvetol N umoBson OTL oL armoyovol
KANPOVOUOUV TO XOPOKTNPLOTIKA TOUC OO TNV EVwon
TWV  VOMUETIKWV KUTTApWVYV TOU Oa TpENeL va
Stadpépouv  amd T owpatka.  (Weissman-
germ/somatic cells)

72 Mapatipnon TTNG yovipomoinong Kol Twv
TIPOTIUPAVWV OTO ULKPOOKOTILO.

MpooXNUOTIOUOG
; , , , , , Hartsoeker, Zx€6Lo
pHLoa TTPOEPXOVTAL Ao Th MNTEPA TA uTtoOAouUTaL ATto Tou 1694.

72 MNoapatnpnon Twv XPWHUOCWUATWY Tou {UywToUu- Ta

Tov atepa. Mitwon-peiwon,.




Milestones in Development

1. Spemann and Mangold's 1924 @
organizer graft

©® 1929 2. Fate mapping

3. Notch signalling and
lateral inhibition 1937 ®

1952 5. Nuclear reprogramming

e 4. Mathematical modelling 1952 ® e

6. Limb outgrowth and

® 1957 patterning

7. Sperry's chemoaffinity
hypothesis 1963 @

® 1969 B. Mesoderm induction

9. Human assisted
® 1971 reproductive technology

% 10. Caenorhabditis elegans 1977 @

cell lineage
-

LJ

()
? 11. Homeotic genes and 1978 @

’b
\ colinearity
99

12. Transgenics and gene
® 1980s knockouts




13. Genetic screens in
Drosophila melanogaster

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 Avantuvéng

H peyaAn mpoodocg mou mapatnpnOnke
To.  teAevtaioc 35  ypovia  otnv
Avarntuélokn Bloloyio mponABe amo 1o
OUYKEPOOUO TPLWV KUpiwg KAASWV TNG

BloAoyiog:

2 EuBpuoloyia
2 Avarttuélakn Mevetikn

72 Moptakn BloAoylia




BLoAoyia Avantvéncg

Tetaptn 9-12

Mpoypappa oto e-class

Eétpa padnpota oAokKARPwWaonN TOU HaBRLOTOG TIPLV TLG
SLOKOTIEG TWV XPLOTOUYEVVWYV — HETA EVAL ETTOLVOANTITLKO
paonpo.

mgrigor@mbg.duth.gr

‘Qpec cuvepyaoiog He TouC PoLTtnNTEC
Néuntn 13.00-14.00 pp ...

OAAQL UTTOPELTE VAL TTEPVATE KOt OAEC TLC
AaAAec wpeg!-




EMBPYOAOTIA & MOPIAKH BIOAOTIA ANANTY=HZ 2023-2024

MPOrPAMMATIZMOZ MAGHMATQN

Mabnpa Huépa Npa Evotnta - Albackwv/ouvca
1 Tetaptn 4 OktwPpiov 2023 16.00-19.00 |OepeAundelg évvoleg otn Moplakr Blohoyia Avantuéng- Ml
2 Tetaptn 11 OktwpPpiov 2023 09.00-12.00 |OepeAwdelg évvoleg otn Mopiakr) Blodoyia Avdamtuéng -Mr
3 Tetaptn 18 OktwPpiov 2023 09.00-12.00 [MeBodoloyia & Texvikeg -MIT
4 Tetdptn 25 OktwpPpiov 2023 09.00-12.00 |MeBobSoAoyia & Texvikég-MI
5 Tetaptn 1 Noepfpiov 2023 09.00-12.00 |IxeSxopOG TOU MPOTUIOU TOU CWHLATOG TWV AoTtovSUAwV Kat poprakoi pnxaviopoi C.elegans -ENT
6 Tetaptn 8 NoepPpiov 2023 09.00-12.00 |[Ixedop6G TOU MPOTUIOU TOU CWHLATOG TWV AoTOVSUA WV Kal poprakoi pnxaviopoi D. melanogaster -T'X
7 Mapaokeur) 10 NoepPpiov 2023 14.00-17.00 |XxeSacpog TOUL POTUTIOU TOU CWHATOG TWV aoTIOVEUAWV Kat poplakoi pnxaviopoi D. melanogaster -TLX
8 Tetaptn 15 NoeuPpiov 2023 09.00-12.00 |IxeSxopOG TOU MPOTUTOU TOU CWHLATOG TWV OTLOVEUAWTWV KAl Loplakoi pnxaviopoi i X. Laevis -ENT
9 Tetdptn 22 NoepBpiov 2023 09.00-12.00 |IxeSxopGG TOU TPOTUIOU TOU CWHLATOG TWV OTLOVEUAWTWV Kat poplakoi pnxaviopol ii. M. musculus - G. domesticus -ENT
10 Tetaptn 29 NoeuPpiov 2023 09.00-12.00 |IxeS1xOpOG TOU TPOTUTOU TOU CWHLATOG TWV OTLOVEUAWTWYV KAl pLoplakoi pnxaviopoti ii. M. musculus - G. domesticus -ENT
Tetdptn 6 AekepBpiov 2023 09.00-12.00 |APTIA
11 Mapaokevr) 7 Aekepfpiov 2023 14.00-17.00 |Opyavoyéveon: AVATTTUEnN TWV CWHITWY, TWV TTAPAYWYWV TOUG KoL TwV akpwv -MI
12 Tetaptn 13 AskepBpiov 2023 09.00-12.00 |Opyavoyéveon: Avamtuén Tou aylonoumntikol cuotipatog -MK
13 Tetaptn 20 AekepBpiov 2023 09.00-12.00 |Opyavoyéveon: Avamtuén Tou ayronountikou cuothipatog -MK
14 Tetaptn 10 lavovapiov 2024 09.00-12.00 |EmavaAndn

Ml M. l'pnyopiou
Iz rI.IkaPéng
NIA M. KohoBog




ESSENTIAL =
DEVELOPMENTAL Principles of

Development

BIOLOGY

THIRD EDITION

J . M W S LACK Lewis Wolpert

Cheryll Tickle

WY BLACK WA




Developmental

Siology

OXFORD

Molecular Principles

of Animal
Development

Alfonso Martinez Arias
Alison Stewart




BLoAoyia Avantuvéng

H peyaAn mpoodocg mou mapatnpnOnke
To.  teAevtaioc 35  ypovia  otnv
Avarntuélokn Bloloyio mponABe amo 1o
OUYKEPOOUO TPLWV KUpiwg KAASWV TNG

BloAoyiog:

2 EuBpuoloyia
2 Avarttuélakn Mevetikn

72 Moptakn BloAoylia




BLoAoyia Avantuéncg

2 EuBpuikn avantuén

~

2 MetepBpuikn avamtuén (avénon, petapopdwon, ynpavon)

2 Avayevvnon

2 EEEALEN TWV UNXOWVLIOUWV TIOU EVEXOVTOL OTNV AVATTTUEN

Hyracotherium Mesohippus Parahippus Pliohippus  Equus (domestic horse)

S S S S e S S — e ——
55 50 4 40 35 30 ] 15 10 5 0
Time (millions of years from present)




BiLoAoyvyia Avantuéng

Kata tnv euPpuikn avamtuén mapatnpoUpe To OXNUATIOMO TTOAUTIAOKWYV SOUWV oo Lo
LLLKP OLAd 0l OOLWV KUTTAPWV.

OL KUpLEC avamTuELlakeS SladLkaoleg mou SLaKpiVOUUE:

2 Torukn e€ebikevon
2 Kuttapikn dtadopormnoinon

2 Mopdoyeveon

2 Avénon
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Caenorhabditis elegans

Fertilized
egg

Cleavage

A\

Embryogenesis

p

Hours after “

fertilization Hatching
at 25°C




Drosophila melanogaster

Metamorphosis

Pupa

Larva  ©

3rd instar

2nd instar

Days fertilization*
after .
fertilization
Hours
after
fertilization*

istinstar

Fertilized egg

Cleavage

m Syncytial

___blastoderm

P .
3
\ 3

" stage3

Gastrulation

*At 25°C incubation




Xenopus leavis

Adult (stage 66)
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(stage 1)
’%‘ ?’ = "4
\.' "@{Nf o . Lo 3 )
7% N

Metanopymon / ’

] Metamorphosis

IMNvoivog I'veivog /
% Free-swimming tadpole (stage 45)
'.é.-. S ——
4 i
)\ \70”: e
| | after atter
\ \fertiization fertilization

Tailbud embryo (stage 26) >>
1

I~
20

[’}

AN\
Organogenesis Nevgidio ((;s:gg:; ; )/r ALOTOLMOT)

Neurula
()Q*{(t\'()*"f"\'?ﬂl]\,

\
\

(stage 12)
I'eotoidto




Gallus domesticus

Development
blastoderm within the oviduct
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Mus musculus
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BiLoAoyvyia Avantuéng

Kata tnv euBpuikn avamtuén mapatnpoUpE TO OXNUATIOUO TOAUTIAOKWY SOUWV oo HL

LLLKP OLAd 0l OOLWV KUTTAPWV.
OL KUpLEC avamTuELakES SladLkaoleg ou SLakpivoUuE:

7 Torukn e€edikevon
2 Kuttapikn dtadopormnoinon

2 Mopdoyeveon

2 Abénon




EuBpuvikn Avantuén

Aulakwon (cleavage)
faotpLldiwon (gastrulation)

Opyavoyéveon (organogenesis)




[evikeVEVN aAAnAou)io TwV YEYOVOTWYV TTOU
AapuBAvouVv ywpa KoTa TNV ITPWLLN AVATUEN
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(0) BAootiolo (¢) TaoToloo




[evikeVEVN aAAnAou)io TwV YEYOVOTWYV TTOU
AapuBAvouVv ywpa KoTa TNV ITPWLLN AVATUEN
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AvuAakwon

Auldkwon (cleavage): H oslpd twv ypnyopwv KUTTOPLKWY OlalpEcewv Tou apxilouv
OUEOWC UETA TN YovLoroinon, Katd tn SLAPKELD TwV OTolwv auéAveTal o aplBpoc Twv
KUTTAPWYV Tou eUBpuou xwpic avénon tou peyEBouc tou. Ta KUTTOPO KATA TNV AUAAKWON

ovopalovtal BAaoctopepidla (blastomeres).

AUAAKwWON OTOV
aXLVO




AvAakwon

Ta avyd Twv (wwv gudaviflouv ouvnOwC
MOAKOTNTO. H TmoAwkOTNTAL Ut €lval
duvatov va TPoUMApPXEL O0TO WAPLO 1 va
dnULoupyElTOL LETA TN YOVIpOTIOLNnON.

H moootnta kat n 6€on tng AekiBou
kaBopilet ToOVv TUMO 1TNC QUAAKWONC.
Avaloya HE TNV TOOOTNTA KOL TOV
EVIOTILOMO TNG AekiBou T auya
Sdlakpivovtadl:

72 OAlyoAeKIOKA
7 MeooAeklBLka
2 TeAoAeKIOKA

2 KevtpoAekiOika

ZWIKOC TTOAOC
(ToAkd cwpatia)

DuTIKOC TTOAOC
(Aéxk1Boc)




AuUAdKwon

H moootnta ko n katavopn tng AekiBou kaBwe Kal mapAyovteg oL omoiol evtomnilovtal oTo

KUTTOPOTIAQLOLOL KOl OXETL{OVTOL LE TO OXNUATIOUO TNE ATPAKTOU, katBopilouv ToV TUTIO TNG

QLUAAKWONCG.

OAoBAaoTikn AUAAKWON

H auvAdakwon eivat mARpng: n
aUAaka TiEpVA amo Tov afova
(wikoU - ¢uTtkoU TOAoU (OALyo-

AEKLOLKA KOl LECOAEKLOLKA) auyda.

AuAdKkwon otov Xenopus

aé-

cleavage in- the’??c'fg

Xenopus Iaé'VIS°




AvAakwon

MepoBAaoTikl QUAAKWON : HEPOC HOVOoVv Tou auyol Olapeital (teAoAekiOka Kot
KEVTPOAEKLOLKA)

AUAAKWON OTO
Zebrafish




1. HOLOBLASTIC {COMPLETE CLEAVAGE)
A. Isolecithal
(Sparce, evenly distributed yolk)

. Radial
Echinoderms, amphioxus

2. Spiral
Annelids, molluscs,
flatworms

. Bilateral
Tunicates

4. Rotational
Mammals, nematodes

. Mesolecithal
{Moderate vegetal yolk disposition)

Radial
Amphibians

II. 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
Most insects

AvAakwon

H O&levBetnon twv PBAaotopept-
Slwv Katd TNV QUAAKWON TIOLKIA-
AEL, €£TOL TIPOKUTITOUV TEALKA EMTA
Stadopetikol TUTOL  QUAAKWONG
ToU xopoaktnpifouv OUAOEC
OPYOVIOUWV.

Avdaloya pe T Hopdoloyia TOu
(odaipa n otfada kKutTAPWV) TO
EUBpuo 0To TEAOG TNG QWUAAKWONG
ovopdletal BAaotidlo (blastula) n
BAaotodepua (blastoderm).
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1. HOLOBLASTIC (COMPLETE CLEAVAGE)

e = Auldakwon

(Sparce, evenly distributed yolk)

1. Radial
Echinoderms, amphioxus

2. Spiral
Annelids, molluscs,
flatworms

. Bilateral
Tunicates

. Rotational
Mammals, nematodes

. Mesolecithal
{Moderate vegetal yolk disposition)

Radial
Amphibians

II. 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
Most insects
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f[acTtpLédiwon

[aotpldiwon (gastrulation): H ¢daon katd tnv omoia
HEMOVWHEVA  KUTTAPA 1 OMAOEC  KUTTAPWV
LETOKIVOUVTOL KOTA TETOO TPOMO, WOTE Vvd

oxnuatiotouv ol tpeic BAaotikeg otiBadec (germ

layers):

2 10 e€wbepua -n e€wtepikn otfada.
7 1o evO0depua N eowWTEPLKA oTLBada
7 10 ueoobepua mapepBarAetal petay twv dVo

AAAWV.




facTtplLdiwon

[aotpldbiwon (gastrulation): H ¢aon katd tnv omoia PEMOVWHEVA KUTTOPO N OMAOEC

KUTTOPWV HETAKIVOUVTOL KATA TETOLO TPOTO, WOTE VO OXNUATLOTOUV Ol TPELC BAAOCTLKEC

otiBadec (germ layers):

2 1o e€wdepua (ectoderm) -n e€wtepikn otfada.

2 1o evbodepua (endoderm)- n ecwteplkni otfada

2 1o uecodeppa (mesoderm)- mapepPAANETOL LETAEY TV SVO AAAWV.

Faotplbiwon otov
Xenopus




facTtplLdiwon

OMol oL opyaviopol otoug omoloug Ba avadepBoupe eival TputhoBAactikoi- oxnuatilovtol

KOTAL TNV TIPWIKN QVATITUEN TOouG TPELS oTIPAdEC KuTTAPWY, TO £EWdepUA TO evOOdEpUa KoL
10 pecodeppa. OL Tpelg auteg otifadec dtadepouv we poc tn B€on toug oto EuPpuo, 0o

KOl WG TIPOG TOUG KUTTAPLKOUC TUTTOUC Ttou Ba tpokUPouV armod aUTEC.

Germ layers Organs

Endoderm gut, liver, lungs

Mesoderm skeleton, muscle, kidney, heart, blood




f[actTtpLédiwon

Mapad to otL N yaotpdiwon pmopel va dtadEpel oAU amd OpyOVIOUO OE OPYAVIOUO TTOVIOTE
napatnpouvtal ol (dLleg LopPoyeVETIKEC SLadLkaoleg Tou pmopel va adopolv oe aAAayEC Tou
adopolV O0TO CYXAMA KUTTAPWY ) OUAOWV KUTTAPWY KOl HETAKIVAOELC KUTTAPWYV I OHAdwV

KUTTOPWV.

« 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




f[acTtpLédiwon

MNopd to OTL n yaotpldiwon pmopeil va SladEpel MOAU AMO OPYAVIOUO OE OPYAVLOUO

TTAVIOTE mapatnpouvtal ot idlec popdoyeveTikEC dLadlkaoilec Tou pmopel va adopouv oE:

aAAaYEC TTou adopoUlV 0TO GXAA KUTTAPWV I OUAOWV KUTTAPWV
KOLL
LETOKLVIOELG KUTTAPWYV I OUAOWV KUTTAPWV.

OL 16lec popdoyevetikee SLadikaolec epdavidovTal Kol 0To EMOLEVA avamTuéLlaka otadLa.

MopdoyEveon: 2tov O0po popdoyeveon amodibovtal SLopOpETIKEG, MOAPATIANGCLEG OUWS onpoaoieg. Epeic Ba tov

XPNOLUOTIOL)OOUE avapEPOUEVOL O0TO PALVOUEVO TNG 0PYAVWONG Twv Sdladopwv TUMWV KUTTAPWV Tou gufpuou,

T(POKELUEVOU VAL OXNUATLOTOUV XOPOAKTNPLOTIKEG SOUEC TOU OPYaVLIOUOU.




Ao popdoloyiLkn arnon Ta MEPLOCOTEPA EUPPUIKA KUTTOPO UTTOPOUV VO XOPAKTNPLOTOUV
WC LECEYXUMATLKA 1 ETLONALOKA.

Koovgaia
eEELOlneEVON

ZVUTAORA
OVVOEOUWV

Baown
EmOniio neupedvn

EmOnALla: lotol Twv omolwv ta KuTtTapa eival otevad ouvdedepéva PeTaél TOUC Kol ouXVA
oxnuatilovv pepBpaveg oL Tou KAAUTITOUV SLAdopEeC eMIPAVELEC KOl KOLAOTNTEG.

SToOpA TWV OTolwyv Tl KUTTAPA £lval xaAopd

ouvOedepeva PeTaELU TOUC KOl €£XOUV
N SuvatoTNTA VO LETOVAOTEVUOUV.

% et Meosyyvua: Me Ttov Opo  Quto
avadepopaote o UPpUikoUC LoToUC

Meogyyvua




f[actTtpLédiwon

EmBnALOUECEYYUUATLKY LETAMTWON




f[actTtpLédiwon

Juunukvwon (condensation) : Kata tn Sdwadikaocia avt) ta kuttapa oxnuatilouv
cvoowpatwpota - n Ooladkacia auty epdaviletal cuxvad KaTA TNV ovamtuén,

LdLaitepa KATA TO OXNUATIONO TwV KaTtaBoAwv dLadopwv opyavwv.




f[actTtpLédiwon

Ewodoyxn (ingression): H €elc0d0¢ UEUOVWUEVWY KUTTAPWV OTO ECWTEPLKO TOU EUBpUou.

Elodoxn otov
aXLVO

primary mesenchyme
ingressing




f[actTtpLédiwon

Ewodoyxn (ingression): H elc0d0¢ UEUOVWUEVWY KUTTAPWV OTO ECWTEPLKO TOU EUBpuovu.

«

\\"

Elodoxn 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.




f[acTtplLdiwon

EvkoAmwon kot avadimAwon (invagination and involution): Ot &Siadkaoiec QUTEC

napatnpouvtal ouvnbweg katd tn Onuloupyia amo €va amAo emBOnAlo, Sopwv TOU
armoteAovvtal ano MoAAEC oTtiBadec.

Kata tnv eykOAmwon pwa otfada
KUTTAPWV HETAKIVEITOL TOTILKA OTO

EOWTEPLKO TOU €uPplou  Omou

oxnuatilel po SLoykwon.

Kata tnv avadimAwon pla

oTifada  KUTTOPWV  OCUMTTUO-

OETAL, ELOXWPOVTIAC £TOL OTO
EOWTEPLKO TOU EUPpLoU. Hrimary
mnesenchyme

EYKOATIWON OTOV axLvo




f[acTtplLdiwon

EvkOAmwon kat avadimAwon (invagination and involution): Ot &wadkaclec oUTEC
napatnpouvial ocuvnbwcg katd tn Onuloupyia amo €va amAo emBOnAlo, Sopwv ToU
armoteAouvtal oo MoAAEC oTLBadec.




f[acTtplLdiwon

EvkoArmwon Kot avadimAwon (invagination and involution): Ot &Siadkaoiec QUTEC
napatnpouvtal ouvnbweg katd tn Onuloupyia amo €va amAo emOnAlo, Sopwv ToOU

armoteAovvtal ano oAAEC oTtiBadec.

The invagination of the mesoderm

Kata tnv eykOAmwon pwa otfada
KUTTAPWV HETAKIVEITOL TOTILKA OTO

EOWTEPLKO TOU €uPplou  Omou

oxnuatilel po SLoykwon.

Kata tnv avadimAwon pla

oTifada  KUTTOPWV  OCUMTTUO-

OETAL, ELOXWPOVTIAC £TOL OTO
E0WTEPLKO TOU EUBpLOU.




f[acTtplLdiwon

ErtBoAn (epiboly): Katd t dwadikacio auvtr) pia otifada KUTTApwy EMEKTEIVETAL KOl

TEALKA TTEPLBANAEL KL TTEPLKAELEL Evav AAAO KUTTAPLKO TTANBUGOUO.

ErBoAn kat avadi-
MAWON  KATA TN
yaotpldiwon  oto
Zebrafish




f[acTtplLdiwon

YJUyKAlVvouoa emEKTaon (convergent extension): H dtadikaoia katd tnv omoia pla otifada

KUTTAPWV HETABAAANEL TO OXNUO TNG EMEKTELWVOUEVN OTN Hla SLAOTOON HE TOUTOXPOVN

neiwon otn kabetn dtdotacn. AutO EMITUYXAVETAL UE AAAayH TOU OXNUOTOC TWV KUTTAPWV

KAOwC KoL LETAKLVNON LEPLKWY QTIO AUTA.




Type of
movement

Description

lllustration

Invagination

Involution

Ingression

Delamination

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

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

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.

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.

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.




faotpLldiwon - MopdoyEveon

ApLOUOC KOl TIPOCAVTOALOOC KUTTAPLKWY SLaLPECEWV

AAN\QYEC OTO KUTTOPLKO OoXNHa

KuTtaplkni LETAVAOTEUON

Kuttaplkni avénon

Kuttoplkoc Bavatoc (mpoypapLaTLoEVOC)

MetaBoAéc otn ouvotoon TNG KUTTAPWKAC MEMPpavne n/kot TG

gEwKUTTAPLOC ouoiag




Nevptdiwon

Neuptdiwon (neurulation): Mpokettal yia tn daon mou akoAouBel tn yaotpldiwon Kot

KQTA TNV omola oxnuatiletal amo KUTTopo Tou €EWOEPUATOC O VEUPLKOC OWANVOC

(neural tube). Anto to veuplkd cwAnva Ba PokUPEL TO VEUPLKO cuoTNUa. Xtn daon

NG veupdiwong to EpPpuo ovopadletal veupidio (neurula).

late
neurula

early
neurula




Nevptdiwon

Dorsal view of embryo

Agterior

neural plate

neural groove

@ neural fold

neural crest cells ectoderm

o (&)

neural tube




Nevptdiwon




To puAotunmiko otadtio

Embryos at the beginning of gastrulation

Xenopus Chick Zebrafish

Embryos at around the phylotypic stage
Yto pulotumiko otadlo (phylotypic stage) ta €uBpua plog opddac (OxL amapaitnTa €vog
oAOkAnpou ¢UAou) mapouclalouv TN HEYAAUTEPN OMpOLOTNTA HETOEU TOUC - €lval TO

QVOTTTUELOKO OTAOLO KATA TO omolo €xel SlopopdwOEL TO YEVIKO apPXLTEKTOVLKO oXESLO TOU
ocwpatoc (body plan).




AEOVEC CUMMHETPLOC
MoAAd auyad eival odalpikd. ZuvABwe Ta auyd Ut TiPplv amod tn yovipomoinon eivol

OKTLWVWTA CUMLETPLKA WG TTPOC Tov dfova {wikoU-duTikoU TtOAoU.

vegetal axis

\

JuvnBwCG HETA TN yovipomoinon n cuppeTpia autn dtatapdaooetal € attiog avakatataéewv

OTO KUTTAPOTAQCUA KoL £TOL TO EUPpUO amokTd auditAeupn CULUETPIA.




Tpelwg a¢ovec KaBopilouv TNV
MOALKOTNTO TOU OPYOAVIOUHOU MPOC
TPELGC SLeEvOULVOELG

Xenopus laevis tailbud stage embryo

Paxiaio (riow)

A&l

OniioOwo

KotAlako (spmpdc)

ApLotEpO

2UOTNUO CUVTETOYUEVWV




BaAOGLKEC aApPXEC

Kata tnv TIOPATNPOULE TO OXNUATIOMO TIOAUTTAOKWY SOpWV amo pLa

LLLKP OUAd0l OOLWV KUTTAPWV.

OL KUpLEC avaTTuELakES SladLkaoleg ou SLoKPIVOULE:

2Kuttapikn dtadopormnoinon

2 Torukn e€ebikevon

2 Mopdoyeveon

2 AvEnon




EpwTAMATO KOL MPOCEYYLOELC

2 MNwg emntuyxaveTal N KUTTapLkn dtadopormnoinon;
2 Nwcg emntuyxavetal n tomikn eedikevon;

2 MNwg emtuyxavetal n poppoyeveon;

2 Nwc puBuiletal n avamtuén;

2 EuBpuoloyia

2 [EVETIKA TNG AVATTTUENC
2 Moplakr BloAoyia




Mwg emtuyxavetol n Kuttapikn dtadopomnoinon;

Zygote Blastula Gastrula

( | ] ]

Ectoderm (outer layer) Mesoderm (middle layer) Endoderm (internal layer) Germ cells
( Central ( | W Respir-
Outer  nervous  Neural Digestive atory
surface  system crest Dorsal  Paraxial Intermediate Lateral Head tube  Pharynx  tube Male Female
R\ aff/—\ N % WA R A
;.';.'1 'L‘ - I' / "
i 7 /\'"k%;q @\ b : J (=
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)




NMwg emtuyxaveto n Kuttapikn dtadopomnoinon;

Type of cell

Differentiated cell product

Specialized function

Keratinocyte (epidermal cell)
Erythrocyte (red blood cell)

Lens cell
B lymphocyte
T lymphocyte

Melanocyte

Pancreatic islet () cell

Leydig cell (J)

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




NMwg emtuyxaveto n Kuttapikn dtadopomnoinon;

\' \\ h/: ) :,-“"'-\'{‘3
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Ot oavwtepol TOAUKUTTOPOL oOpyaviopol €xouv TOANOUG OLadpOopETIKOUC TUTIOUC
e€eldkevpEvwy  (Sladopomolnuevwy) KUTtapwy. Me eAAxLOTeC €CalpECELC OAQL T
KUTTOPO EVOG opyaviopoU pEpouv ta idla yovidia. H Umtapén SLadopeTIKWY KUTTAPLKWY
TUNwV odeiletal oto OtL ol SLadOPETIKEC opadec KUTTAPWVY ekppalouv dladoplkd T

yovidla toug.




H mopeia mpo¢ tn dtadpopomnoinon
(ZXnuatika KoL AMAOUCTEVMEVQ)

Totipotent Pluripotent Commited
OAlooOVvVauo [ToAvdvvauo AeOPEVUEVO

o SESRV A TR0 SMEPES LN

Differentiated
Aladopormolnpevo

000 TEPLOCOTEPO TIPOXWPA N EUBPULKN avATTTUEN EVOC OPYAVLIOHOU, TOCO TIEPLOCOTEPO
nieplopilovtal ol avamTuéLakeS SuVATOTNTEG TWV KUTTAPWY Ttou (dnAadny o aplBuoc twv

SLAPOPETIKWY KUTTAPLKWY TUTIWV TIOU UIOPEL va tpokUPouv amo Kabéva amo auta).




a) To pwoaiko PovTENO avarmTtuéng

B) To pUBMLOTIKO HOVTEAO QVATITUENG

y) To cuykuTLakd povtélo avdmtuéng*




To pwoaiko povtédo avantuénc tov August Weismann.
(Autonomous cell type specification)

1st cleavage 2nd cleavage

Weismann'’s nuclear determinants

YTov upnva Tou uywtol umapxouv eL8LKol mapayovteg oL kaboploteg (determinants) mou

KOATOVEMOVTOL OOUPUETPA KATA TNV auAdakwon. OL mapdyovtec oautol pubuilouv to

nenpwuevo (fate) twv kuttapwv (autovoun kuttoplkn eéedikevon- autonomous cell type

specification).




To pwoaiko povtédo avamntuéng tov August Weismann.
(Autonomous cell type specification)

Differentiation
> of somatic
cells

@’%
o - —_— (-\ : : » 3 , ~ .
All determinants @ ~ontinuity of germ cells

Germ Germ Germ
cell cell cell

To HoVvTEAO aQUTO TIPOUTIOOETEL OTL OL KUTTAPLKEC SLALPEDELG Elval ACUUUETPEC.




Ta MEPAATO TOU a—
Laurent Chabry (1887) i p

Nervous i
system - B

Anterior Posterior

Notochord 7

Mesenchyme

Vegetal pole

Ectoderm

Adult tunicate
about 3 cm high

Notochord

Otav ta PAactopepidia dtaxwpl-otouv
Kal KaAALepynBouv in vitro, oxnuatilouv
TOUC LoTou¢ Tou Ba  oxnuatilav
duoLoloyLlka oto EuBpuo.

Endoderm




Ta nepapota tov Wilhelm Roux (1888)

Hot needle

 Cleavage \
| — —_—
’ y

Fertilized egg 2-Cell 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 puOuiotiko povtédo avantuéne (Hans Driesch)

(Conditional cell type specification)

(A} Fertilization envelope

Remove
fertilization
envelope

\J

l Separate
into 4 cells
A

Normal pluteus
larva



(A)

Normal

Blastula

Transplant normal
back cells to %
o aaaath  belly region

™~
:‘J'vz'o.,o‘*.« -
AR Pa %32
m;".l:l\ 4

Cells form | transplantation Cells form
back tissue (normal belly tissue
development)

Glass needle
removes

Normal
development

/1 To oavamtuélokd OSuvaplkd Kabe
BAaotopeptdiov eival moAU peyalltepo
amd TO TEAKKO TOU  TIETMPWHEVO.

1 To TEMPWHUEVO TWV KUTTAPWV
gtaptatal amo tn Oéon otnv ormola
Bplokovtal.

(puBULOTIKO pHOVTEAO KATA ouvonkn
e&eldikevon)




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 apMaVvTiAAO
Dasypus novemcintus

Jto oppavtiMlo amd  éva €pBpuo
TMIAVIOTE  TIPOKUTITOUV  PUCLOAOYLKA
TEOOEPO.  OMAOEC  KUTTAPWVY  TIOU
Staywpilovral TANPWGE - ETOL TEALKA ATTO
gva  (uywtd TPOKUTITOUV TECOEPA
EuBpua.




Mwoaikn avantuén

71_Autovouog TPOKOBOPLOUOC KUTTAPLKWY TUMWV HECOW TNG ETUAEKTIKAG KAnpovounong

OPLOMEVWY HOplwv TIou PBpilokovtal oT0 wApLo Kol  cuyxvd avadepovtal  wg

KuTtaponAaouatikoi kaboploteg (cytoplasmic determi-nants).

71 To HEAAOV TWV KUTTAPWV Elvol TPoKABOPLOUEVO ATTO TO OTAOLO TWV TIPWTWV OLOLPECEWV
ToUu euPpuov.

71 Xapaktnpilel ta meploocotepa AoTtOVOUAQL.

1st cleavage 2nd cleavage

Weismann’s nuclear determinants




PuOpotikn avamntuén

A «Kata ocuvOnkn» (conditional) e€eldikevon KUTTOPLKWVY TUTIWV PECW AAANAETILOPACWV

LETOEV TWV KUTTAPWV.

71 To MEMPWUEVO TWV KUTTAPWV TIPOKOBOPLIETAL OE OXETLKA TILO TIPOXWPNUEVO QVATITUELOKO
otadLo.
/1 Xapaktnpilel ta meploocotepa ommovoulolwa.

1st cleavage 2nd cleavage

> 4




Ta kuttapa dtadpEpouv petatl toug yiati ekppalouv dtadopika ta yovidia Touc.

2TNV Topeia tTNG euBpuoyeEveocnc popouv va tpokUPouv SLadopeTikol TUTOL KUTTAPWV
ue SVo Baolkolg TPOTIOUC:

1 Méow QOUUMPETPNG KUTTAPLKNC Olaipeong pmopel ta dUo Buyatplkd kKUTTApA Vo
kKAnpovouoUv Oladopetikd popla (m.x. Stadopetikoug petaypadlkouC TAPAYOVIEC) N
dpaon Twv omnoiwv Ba kaBopioel otn cuvexeLla Ttola yovidia Ba ekppdoouv. TETola popla
elval yvwota w¢ KuttapomAoouotikol kaboplotec (cytoplasmic determinants) ko

kaBopilouv mpog moiwa katevBuvon Ba dtadoporoinbel To KUTTAPO (HLWOAIKO HOVTEAD
avarmntuéng).

A Ta kuttapo aAANAeTILOpoUV peTtall Toug Kal ol aAANAemdpacelg auteC kabopilouv To

niola topeia Stadopormnoinong Oa akoAovbrioouv (puUBLILOTIKO HOVTEAD avarmtuénc).




Napadeiypa Stadopomoincnc He KUTTOPOTTAAOHATIKOUC
KaOopPLOTEC

>

Asymmetric distribution of

cytoplasmic determinants Cell division Different daughter cells

Mo kuttaplkn dlaipeon xopoaktnpiletal we acUUUETPN (asymmetric) otav ta Buyatplkd

kottapa  SladEpouv  petatl Ttoug €& awtiag NG OLadOPLKAC  KATAVOWNG

KUTTOPOTIAQLCUOTIKWY KaBoplotwyv 6’ autd.




O oXNUOTIOMOC LUWV oTo aoKidLo Styela partita




Ta ELPALOLTO TOU
E. G. Conklin (1905)
ota aoKidLa

Ectoderm

Nervous
system

Anterior

Notochord

Endoderm

Posterior

Muscle

Mesenchyme

2-cell
slage

Anterior

Halt-embrvo

Animal

- I"‘.i

64-cell

\l.lz.:v.'
= Al

- AT.2

- A73

- A74

= A7.5

A6

- AT.8
- a7.9
- a7.10

-

- B7.4
-B75 .

Denivative
Endoderm

Endoderm

Endoderm

Spinal cord,

*_caudal muscle

Brain

Brain

Palps
Epidermis
Sense organ
Epidermis
Epidermis
Epidermis
Endoderm
Endoderm
Mesenchvme

Muscle

BT R -

—» R7.7

~ 878
- b7.9
= b7.10
= b7.11

- b7.12

—» b7.13

= h7.14
= h7.15

= b7, 16

Mesenchyme

‘Muscle

Epidermis,

- _caudal muscle

Epidermis
Epidermis
Epidermis
Epidermis
Epidermis
Epidermis

Epidermis




Styela partita - J. R. Whittaker (1977)
AvViYveEUON OKETUAOXOALVECTEPAGNC

Blastomere pair B4.1
separated by glass needle

Muscle-forming cytoplasm

{(“vellow crescent”)

H aketuloxoAwveotepdon ekppaletal pLOvo ota HUIKA KUTTapa TNS AdpPoc. Ao Ta melpapata
tou Conklin Atav yvwoto ottt taa B4.1 mapdyouv Ta MUIKA KUTtOpa tng AdpPoc- ta
aropovwoay (A), ta kaAALEpynoayv kot €6eL€av OTL Ttapayouv akeTuAoxoAwveotepaon (B).




Styela partita
J. R. Whittaker (1983)

Animal pole
P, ST Tissue including
muscle cells

Tissue including
, muscle cells
Vegetal pole Swi
Muscle-forming
region

|
Needle pushes muscle-forming
cytoplasm into animal cells

AV LLE ULKPOXELPOUPYLKOUC XELPLOUOUC aAAAEOUUE TO €TMESO QWUAAKWONG £TOL WOTE LA
TTooOTNTA KUTAPOTIAACHOTOC amo to B4.1 va petadepBeil oto B4.2, T0TE OTOUC ATTOYOVOUC

Tou B4.2 meplhapfavovtat kat puikad KUTTopa.




E. G. Conklin J. Acad. Nat.
Sci. Philadelphia 13: 1-19
(1905)

macho-1encodes a localized mRNAiIn
H. Nishida & K. Sawada ascidian eggs that specifies muscle

Nature 409: 724-729 (2001)  |eteiit it i

Hiroki Nishida & Kaichiro Sawada
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Marker for muscle actin

Control

Eight-cell embryo

Macho depleted

macho-1encodes a localized mRNAin
ascidian eggs that specifies muscle
fate during embryogenesis

Hiroki Nishida & Kaichiro Sawada

' Nature 409: 724-729 (2001)

Macho added to
other blastomeres




H npwteivn PIE-1 kotavERETAL ACUUHUETPA OTNV MPWTN QAUAAKWTLKN
Sdiaipeon

Kata tnv mpwtn dlaipeon tng avAdkwong tou epPBpuou tou C. elegans, n mpwteivn PIE-1
KOTAVEUETOL OTO OmicOwo TuAua tou euPBpuou, oto €va amo ta duo PBAaoctopepidia.

2TO0 OUYRERQLUEVO TaQAOeLyuo o evtomopog tng PIE-1 pehetdror péowm Tng

dnuovoyiac wag vPewric mowtelvne avdueoo oty PIE-1 xow v GFP, 1 omoia
$OoQiCel.




Ta kUTTapa StadEpouv pPetaty toug ylati ekppalouv dtadoplkd Ta yovidla TouG. 2TnV
TIopELa TNG EUBpUOYEVEDSNC UITOPOUV va TtpokUPouV SLadopeTLKOL TUTIOL KUTTAPWVY UE
U0 Baolkoug TPOTOUC:

71 Méow aoUUUETPNG KUTTAPLKAC dlaipeonc pmopetl ta duo Buyatplka KUTTAPA Vo
KAnpovouoUv dladopetikd popla (m.X. StadpopeTKOUC pPeTaypadlkouc mapaAyovTeG) N
dpaon Twv omoiwv Ba kaBoploel otn cuvexela mola yovidla Ba ekdppdoouv. TETola
Hopla €ival yvwotd wc KuttapomAaouatikol kaboplotéc (cytoplasmic determinants)

kot kaBopilouv mpoc mowa katevBuvon Ba SiadopornolnBel 1o kUTTAPO (HWOoAiKO
HovtEAo avarmtuéncg).

7 Ta kuttapa aAAnAemidpolv petaél Toug Kal ol aAANAemdpacelg auteg kaBopilouv

1O TtoLa topeia dtadopormoinong Oa akoAouvbrocouv (puUBLILOTIKO pLoVTEAD avarmTuéng).




Napadsiypota dtadpoponoinong HEGW KUTTAPLKWY
aAAnAsmidpaocewv (kota cuvOnkn eésbikevon)

AdLopogomointo : ALOLPOQOTOLNUEVO
AVTTOQO AVTTAQO

Kuttapikn enkowvwvia (cell signaling)




TUMOL KUTTAPLKAC EMLKOWVWVLOC

a) Me aAAnAentibpaon

EKKPWOUEVWY  HopLwv
Bpovikwv UTTOSOXEWV.

B) Me aAAnAentibpaon

HeTOEL

Kot OLOLUEW-

SLapEUBPAVIKWY TIPWTEIVWV.

V) Méow xoopatoouvdEoUwY

junctions).

HeTatL

(gap

Direct contact

signal

O

second
messengers

Diffusion

signal

i
O

second
messengers

Gap junction




Napadsypa: ta yovidia Steel / Kit ko
n Stadopomoincn Twv HEAAVOKUTIAPWY oTO ONAaoTIKA

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

Steel
factor

fibroblast melanoblast melanocyte

H teAikn OSladopomoinon twv peAavokuttapwy efoptdtol amo tnv aAAnAenidpoaon
tvoPBAaoctwv-peAavoBAlaoctwy. Ot voBAdotec mapayouv Eva StaAuTto napayovta (Steel)
o omnoioc mpoodevetal otov umtodoxéa (Kit) mou Bpiloketal otnv KuttapLk HEUBpavn

Twv peAavoPBAaoctwy. H mpoodeon tou Steel otov Kit evepyormolel To povomaTtt Tou ras.




To povomartt tov Kit

Steel (stem cell factor
A Reg Cplor

I it

| \:r.:u'::ul.:!

Cytoplasm
Adaptor

protein

L

GDP

’ ’-‘\
Ras Q;
RAI

Melanoblast-
.4 specific gene

X
p300/CBP —_—
N
W Ym mORY

juzasva iy Sliers Srawr oA WAV S AN
.

Transcription




MetaAAageic Tov Kit kat Ttou
Steel

Mutant White (Kit) Mutant Steel

©

©

©© @@

©®© | @

No signal for melanoblast to develop

Wild type

kit / steel signal

transduction
pathway /
/ Mitf Meclanoblast-

specific gene

/ joegers b A ST A WY ANVASYANS NN
/ p300/CBP.

M.“‘o -~ N“V\A//\A/M\é\h
/] Tr mmnpmm

/

|

Mutant

/ Mitf Melanoblast-
P! specific gene
/ jara ava G iyt a wrawy ANV YAV LNY/NY

Ay edqealovias 1o yYovidun Tow odovy o1
OLLPOQOTIOLNO N TV WeELAVOFLaoTmv
O WEAOVOXUTTUOU




Atopa etepoluya ylor peToAAaypéEva aAAnAopopda tou Kit eudavitouv petatl aAAwv
avVWHOALEC oTo Xpwpa tou S€puatoc. (2tov avBpwro ta avtiotola aAAnAopopda o€
opoluyn koatdotaon mlavotata TPOoKoAoUV guBpulkd BAvato. 2TOV TOVILKO, OTnV
opoluyn kotaotaon, oplopeva aAAnAopopda mpokaAolv eUBpulkd Bavato evw AAAa
npokaAovv  Oladopec ocoPoapéC  avwpaAiec - ol Tovikol e€ival  Agukol).




«A harmonious equipotential system»

Ec_mdem]'_formi"g 3TO PUBULOTIKO HOVTEAO TapOAO TOU  KAOe

s KUTtapo Oa pmopolce va oxnuatiosl €vav
OPYQVLOMO TEALKA oxnuatilel €va TUAMO TOU.
AAMNnAemdpaocelc pe aAla kUTtapa mepLopilouv
TO SUVAULKO TOU.

Two-cell stage Neurula stage

hot needle remains of . half embryo
killed cell i ¥

~Gut-forming
macromere

Mesoderm-forming N 4 L e
micromeres tube

Ta apdifra akoAouBouv To pUBULOTIKO HoVTEAO - av Ta U0 BAactopepidla amopovwBolv
amo autd npokurttouv duo TAnpn EuPpual To aviiBeto amoTEAECUA TTOU TOPATHPNOE O
Roux odeiletal oto OtL OV ATMOUAKPUVE TO VEKPO PAacTtopEpidLo.




ArtaAsippa 10 AenTtwyv




Anuiovpyio mpoTUoU

Xenopus laevis tailbud stage embryo

Dorsal (back)
4

Anterior LS L e N\ i . Posterior

(head) “=FE— " ' (tail)

Ventral (front)

H Stadikaoia katd tnv omoia ta KUTTOPO TOU OVATTTUCGOOUEVOU UPpUou amokTouVv Tnv
TOUTOTNTA TOUG, KoL OPYOLVWVOVTOL £TOL WOTE VO OXNUOATLOTEL TO OPXLTEKTOVIKO OXEOLO TOU

ocwpatoc (body plan).




/

Regeneration

Remove
head g Next,
' remove
tail Regeneration

—




Anuioupyia mpotumou Kot ntAnpodopia O€onc.
(patterning & positional information)

Xenopus laevis tailbud stage embryo

Dorsal (back)

Anterior : s : Posterior
(head) =% T3 - (tail)

Ventral (front)

H TaAAkn onupoaia epdavilel eva oAU amAo POTUTIO - AV
ntav PBloAoykd cvotnua, Ba armoteAeito amo tpia €idn
KUTTAPWV: UIAE, aompa, KOKKwva. Me molwo pnxaviopo Ba
Atav Suvato va oXNUATIOTEL auto To AmAO Tpotumo; Mua
AUon elval autn Tn¢ mAnpodopiag B€ong.




The FrenCh ﬂag analogy Each cell has the potential to develop
Wolpert, 1968

as blue, white, or red

71 O\ ta kUTTOpPOl €xouv T SuvaToTnNTO VA Yivouv

AOTIPA, KOKKLVOL 1) UTTAE.
Position of each cell is defined by the

7 Ta KOTTOPA OITOKTOUV TNV TOUTOTNTA TOUC 1 TNV «TLUA concentration of morphiogen

Béonc» (positional value) o oxetiletan pe T Beon Toug [P

KOTOL KOG TNG YPOLLLUNG.

71 H tiun 6€ong mpemel va aglomolnBsl amod ta KutTapa

' ' ' ' 1]2fsfe]s]e]
0ONYWVTaC TEALKA OTO OXNUOTLOMO TOU MTPOTUTIOU. .

7 2 . . : . 1 Positional value is interpreted by the cells
H amoktnon tng tung 6€onc ko n aflomoinon tng elvat S ifiosantials 1 form & heerr

duo Slad)OPETLKEC KN GXETLZOHEVEC GLOLGLKOLOLEC - N Concentration thresholds

«gpunveia» t™g Tung Béong e€aptdral amd to KUTTopo [k

KOlL TNV avVarttuéLakn Tou Lotoplia.

(oe aAAN mepimtwon lItaAkn onuaia)




The French flag analogy Each cell hesthepotental o doveop
Wolpert, 1968 o

Ll

71 O amAoUOTEPOC UNXOVIOUOC TTou Ba umopouoe va

LoxVel Baoiletal otnv KALON CUYKEVTPWONG KATIOLOU Prusition of sach ol 1« defined by e
Hoplou - N OUYKEVIPWOI] TOU KATA WMAKOC TNG concentration of morphogen

ypapung etvat n tpn Beong (mAnpodopia). Concentration
of morphogen
71 YmoBEtoupe OTL UTTAPXEL KATOloL TNyl TOu

ONMOTOG OUTOU OTO €VAL OKPO - N KAlon Umopel va nnn

oxnuatiletal pe dtaxvon *.

, , ) Positional value is interpreted by the cells
/1 Ta KUTTOPOL OQTTOVIOUV OE OUYKEVIPWOELG- which differentiate to form a pattern

katwPAla  (threshold concentrations): oe moAU Concentration thresholds

; ‘ , ; , of morphogen
PNAEC CUYKEVIPWOELG YlvovTal UTTAE, 0 EVOLAUEDEC

AOTIPA KOl OE TIOAU XOLLNAEG KOKKLVAL.




The French flag analogy
Wolpert, 1968

Threshold 1
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Distance from source
Morphogen-

secreting cell (source)




Mopdoyovo (morphogen)

Mot ouola n omola KOTOVEUETOL OCUUMETPOA OE KATOLOL TIEPLOXN TOU
eUPBpUOU emayel TN OLohOPOTIOLNON YELTOVIKWY KUTTAPWY KATO TPOTO

MoV €E0PTATAL OTTO TNV TOTILKA TNC CUYKEVTPWON.

bicoid protein expression




The French flag analogy Wolpert,

Each cell has the potential to develop

1 9 6 8 as blue, white, or red

To HOVTEAO OUTO TtaPOoUGCLAlEL SUO XOAPOKTNPLOTIKA

TNG QVATTUENG: Position of each cell is defined by the

concentration of morphogen

72 Avefaptnto amo TO MUNAKOG TNG YPOMUNG, TO Concentration
of morphogen

npotuno Ba oxnuotlotel ocwotd ed’oocov ol

OUYKEVIPWOELS TOU pHopdoyovou ota oplo ival

oradepés, Doonon
2 To oUoTnua €xEL TN SuvATOTNTA AVAYEVVNONC
which differentiate to form a pattern

ToU TpoTUTIoU. AV yla Tapadelypa €va TUAUOL
Concentration thresholds

QUtoKOTIEL TO TPOTUTIO Ba eykaBIEPUBEL ek vEéou |eldad

(ep’000V KOl OL OPLAKEC OUYKEVIPWOEL Oa

gykaBL6puBouv)- puBULOTLKO.




KAion popdoyovou

3

[M0Q@oYOVO]

2 ’Q
1 TI'oviolo

H evepyormoinon, oe SLopOPETIKEC CUYKEVTPWOELG,TWV Yovidiwv 1,2 kat 3 Slatpet to EuBpuo

O€ TEOOEPLC TIEPLOXEC. KABe meploxn xapaktnpiletol amo evav dtadpopeTikdo cuvOuATHO.




KAion popdoyovou

111 011 001  O11 111

Av tormoBetriooupe deUTEPN TTNYN TOU HOPEPOYOVOU OTO TOTE TIEPLUEVOUUE va SUTAACLOOTOUV

KATTOLEC SOUEG (apKETEC POPEC 0€ BAPOC ANAWV).




KAion popdoyovou

H ewcaywyri evog adlameépactov PpAyHOTOC TIPOKAAEL OXNUATIOMO €VOC HEYAAOU KeEVOU OTO
TPOTUTIO: XAVETAL TO NHULOU TOU TIPOTUTIOU TOU EUNMPOOCHOIOU TUAUOTOC TOU OWHOTOG, KABwC Ko

LEPOC TOU TMPOTUTIOU TOU oTmioBlou TUAMATOC




Anuiovpyio mpotuTou

Xenopus laevis tailbud stage embryo

Dorsal (back)
4

Anterior s - Posterior

(head) ~WE—F IT & ' , (tail)

Ventral (front)

H Stadikaoia katd TNV omoia ta KUTToPO TOU aVOTTUCOOEVOU EUBpUou
QTTOKTOUV TNV TAWUTOTNTA TOUC, KOLL OPYOLVWVOVTOL £TOL WOTE VO OXNUATIOTEL TO
OPXLTEKTOVLKO 0XESL0 Tou owpatoc (body plan).




KAlon popdoyovou

Limb buds

Concentration
of morphogen

Digits

Additional polarizing region grafted

Small number of polarizing region

Toime k0 to anterior margin cells grafted to anterior margin
Posterior Anterior | | Posterior Anterior | | Posterior Anterior
polarizing
region apical ectodermal ridge
St L7 [ SR
~4
—3
—2
Proximal
Anterior

Posterior s

Thresholds
for digits







Dissected blastula fragments give rise

to different tissue in culture:
Animal - | Ectoderm l

cap cells

Marginal

(equatorial) — | Mesoderm

cells

@ —— Vegetal - I F.ndn(_{crmj

cells

) Germ layers Organs
2Tov Xenopus To LECOOEpUQ
oxnuotiletal amo to KUTTapo TToU gut, liver, lungs
£VTOTIL{OVTAL GTNV LONUEPLVH TIEPLOXN. Kok, Tkt ey her., Hiod




Atypical
epidermis
A

Blastula Bloodlike
cells, coelomic

epithelium,

mesenchyme

Activin B
~1 ng."ml Muscle cells

Activin

Animal . ~._ Presumptive  / ~0.1 ng/ml
hemisphere ectoderm [/ S N

Saline (with or

~10 ng/ml cells

= without activin)
Vegetal Activin % Notochord

o>

hemisphere

) e Heart
Activin cells
~100 ng/ml

Kottapa tou {wikoU nuiodatpiov oxnuatilouyv in vitro pecodeppuika kUTTOPA
arokpLvopeva SLadpopLka o€ LUEAVOUEVEC OUYKEVTPWOELC aKkTLBivnc-a.




(A) Beads containing Beads containing (C)  Beads containing
no activin I nM activin 4 nM activin

(low concentration) (high concentration)
A N

Region of ~
Brachyury
expression

~ )
Animal

; .'Region of
cap cells

goosecoid
expression

AlodpopeTiKol pETOYPOPLKOL TTAPAYOVTIEC EMAYOVTIOLL O
SLaPOPETIKEC GUYKEVTIPWOELC aKTLBivnc-a.




r Activin beads

— Region 'of gno?'c‘mid gene
| expression (high concentration)

— Region of Brachyury gene
expression {low concentration)

— Very low expression (no
| mesodermal gene activated)

Number of
occupied
receptors

300

100

Activin concentration
(distance from source)

H aktipfivn-a nmpoodevetal oe umodoxeic. O aplOuoc twv umodoxewv oe KaBe
kKUTTOpOo eival epimou 500. Otav eivatl kateltAnppévol ot 100 to kKUTTOPO eKPpalEL
ToV petaypadlko mopayovta Bra kot oxnuatilel mAeUPOKOIALOKO pecObepua. Av o
oplOpoc tTwv KateANUUEVWY uttodoxewv Eemepaoetl tou 300 to KUTTAPO €KDPAlEL
ToV peTaypadLko apayovia gsc Kal oxnpatilel poxiaiec Sopeg m.x. vwtoxopdn.




ITAgvpiKn ovOGTOAN

PN PN Y

| ’-> 4—\.’-» 4—-» 4—\ |

2€ MOAAEC TEPUTTMOGEIC TAPOTIPOVLE
eEMOVOLAUPAVOUEVEC OOUES (TT.Y. PTEPQ)
G€ KOVOVIKT) O1dTaEN.

2TINV TEPIMTMOOTN OVTH] 6TV KOToPOoAN
TG OOUNC OAOL TO. KVTTOPO EYOLV TN
OVVATOTNTA, VO CYNUOTICOLY OVTH T
ooun, OUMmC TEMKA HOVOV  UEPTKA
akolovBovv avt v TOYM. AVTO
ocvuPaivel emedn To KOTTOPO OLTA
EYOuv 11 OLVATOTNTO VO OVOGTEAAOLV
1 OLPOPOTOINGCT TOV OTAAVDV TOVG -
aVTOC O  UNYOVIGUOC  ovoudleTol
mAevpikn avactoAn (lateral inhibition).




Ta yovidiwa Delta / Notch otn Apoocddiha

Katd v avdmtuén Tou vELPIKOD
GLGTNUOTOC 0T ApOocOPIAQL, TPV
amd TNV EUPAVICT] OTOI0GONTOTE
KOVOVIKNG OOUNG TO TTPOVELPIKAL
YOVIOl0L TOL YOVIOIOKOU TOTOV
achaete-scute  exppalovionr o€
EVOL KOVOVIKO TPOTLUTO GE OUAOEC
KUTTap®V oL  ovoudlovtol
TPOVEVPIKEC GLOTAOES. LTOOLUKAL
N €kepaoct) Tovg meplopileTon og
Evo LOvov KOTTOPO omd KAOE
ocvotada. To xoOttapo avtd Oa
yiver vevpoPAdotng.




Avt0 mov @aivetor 0Tt ovuPaivel eivor 0Tl T0 KOTTOPO €KEIVO GTO OMOIO

TopoTnPEiTOL LEYOADTEPT) GLYKEVIPWOT) TV achate-scute, elvon 1o KOTTOPO EKEIVO
TO OTTO10 JLATNPEL TNV EKPPAGT TOV YOVIOI®MV OVTMOV, EVEO TAVTOYPOVO KATAGTEALEL
TNV EKPPOGT| TOVS GTOL VITOAOLTO, KUTTOPO TNG GLOTAJNGS = TAELPIKT] AVOUGTOAN.




To povornatt tov Notch kat n mAsupiki avactoAn

Delta ligand

4

=g

Notch
receptor

H Notch givan peyain owwpepppoavikny mpoteivn. To okvttdpro Tunno
eéper 36 emavorlapupavopeve tunpote wov powelovv ue tov EGF gve To
EVOOKVTTAPLO TUNUO @Epel TO emavoioppavopevo potifo cdcll/ankyrin. H
Notch givar 0 v7T000Y£AS Y100 OVO TEPOUOLO HOPLOL TN Kol T Serrate.




proneural Aev engodlovtol Ta
genes = proneural genes.
é = (NON neural fate)
AN

Ex@oalovtal to
genes

proneural genes.
NEURAL FATE

To KOTTOPO OV EKPPALEL YNAOTEPA ETITEOO TTPOVEVPIKMDV YOVIOI®MV EKPPALEL EMIONC
neprocotepo Delta. AAAnAeniopacmn tov vwoooyEa Notch pe tov mpocoétn tov Delta,
EYEL TEMKO MG OTTOTEAEGLOL: OL) TNV CLUVEYT EVEPYOTOINGT TV TPOVELPIKDOV YOVIOIWV

OTO KUTTAPO TTOV APYICE VO, EKPPALEL YNAOTEPO EMIMEDN TOV YOVIOIOV OTOV Ko 3)
TNV KOTOUOGTOAY] TOV TPOVELPIKOV Yovidiwv ko tng Delta ota vwoAouta kdtTopa g
TPOVEVPIKNC CLGTAONG.




To povomnatt tov Notch

Evepyomoinon tov HOVOTOTION TOVL
Notch éxer ¢ amotélecpo ™V
EVEPYOTOINGT WOG TPOTEACNS 1
OmOl0l  OTOKOTTEL TO KLTTOPOTACL-
CUOTIKO TUNUO TOL VTOO0YEN, TO
omoio petatomiCeTon GTOV  MLPT VA
OTOL EVEPYOTOLEL TOLC UETAYPOPL-
KOUG  mopdyovieg  supressor  of
hairless. Avtol «KaTOGTEAAOLY 1N
LLETAYPOLPT TOV TPOVEVPIKDOV
YOVIOL®V.

Signaling

el

*
' |

NRPQIVOINe
TR
"1 7 | :

<3 :',..\-1 ne

Receiving ,

cell

Protease

Activation of genes that
suppress the neural fate




proneural proneural : o
genes \('i genes Slgnalmg Delta

® kY 'cell
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Enhancer-of- ctivation of genes that

\ split proteins o » suppress the neural fate




Mowo¢ sivarl o pawvotunoc petaAas¢ewv oto Notch
n ovto Delta ;




Avokedpalaiwon
Anuioupyia mpotUmou

JUYKEVTPWOT KorTwepAL
HOoppOoyovou

A) KAion popdoyovou
B) MAevupiki avaotoAn
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Enaywyn (induction) & dektikotnta (competence)

O opyavwtnic (organizer) Twv apdiBiwv
Hans Spemann and Hilde Mangold 1924

Dorsal lip of blastopore grafted from an
unpigmented species of newt to the
blastocoel roof of a pigmented species

A secondary embryo is induced

"o~ Triton cristatus
== N ) gastrula

] “dorsal lip e - |
_— of blastopore -

blastocoel secondary (induced) embry

X Y
Primary | - Secondary
structures | | (induced)

| " structures
neural tube :

notochord notochord

Triton taeniatus neural tube

gastrula

Metauodoyevon tov poylaiov Yelhove ToL PAOGTOTOPOVL EXYEL OC OMOTEAECUO TN
onuovpyio €vog 0eLTEPOL EUPPLOV.




Enaywyn

Enaymyn (induction) ovopdletot To @atvOUEVO KATA TO 0oi0 utd opdoo KuTTépmyv
0V gUPpvov mov ovoualovron eraymyeic (inducers), petafPipalovv onuoto Ge Lo

OEVTEPN OUAdO KLTTAP®V OV ovoudlovtol amodékte (responders) ennpedloviog
LLE TOV TPOTO OVTO T1 OLPOPOTTOINGT TOVG,.

Inducers Responders

o

Inductive
signal




Mo oslpd emaywylkwv pawvopevwv e€aocdaAilouvv tnv dievB<tnon
TWV LOTWV KATA TNV KOTOOKEUN TWV OPYAVWV.

Cells . ..

. '_.‘:i,'.l Lo
ST ‘#(m‘\ :

Intestinal
epithelial cell

\\‘\ll"';\-\\\ 1 v."‘
N e A

. » . form tissues . . .

Intestinal
epithelium

Small intestine |

{animal organ)

. « which, with
other tissues,
form organs.

Muscle
layers

Connective
layers




O oxnuatiopog tou pakov Tou patiov ota crtovéuAolwa

Early optic
prospective
g, retina

Cornea i
_-Future

\
e
4

\
i

Zn

Ta tpmtoyevy 0OUALIKA KLGTIOW ETAYOVY TO EEMOEPLO TOV PpioKeETOL OTEVAVTI
TOVC VO GYNUOTIGEL TO TAOK®MOL0 TOV (POKOV, TTOV GTT) GLVEYELN EYKOATMVETOL TPOC
TO TPOTOYEVES 0POUALIKO KVGTIOW oynuatiCovtog apytkd TO EVIVTMO, TOV QOKOV
KOl OTN GUVEYEW TO KLOTIOW TOL @oKkoV. Towtdypovo T0 ONTIKO KLOTIOWO
LETATPETETOL GE EVOL KUTTEAOELOEC LOPPOLA, TO OEVTEPOYEVES OMTIKO KVGTIONO.




TO OTTLKO KUOTIOLO EMAYEL TO OXNMOTIOHO TOU paKoU

Normal . Optic vesicle is
induction removed; no
of lens by = & lens is induced

optic vesicle

Trunk<

AV amOUOKPOVOLLE TO TPMTOYEVES OTTTIKO KVGTIOW0 0EV GYNUATICETAL POKOC.




AAAolL LoToL €V UITOPoOUV VA UTTOKOTOLOTIIOOUV TO OTTTLKO KUGOTiOL0
oTN MapaAywyn ToOU EMAYWYLKOU GIHOTOC

p Tissue other than
Normal : optic vesicle is
induction _ -~ implanted; no
of lens by & % induction occurs
optic vesicle

Trunk<

Mmnopel 10 OnTIKO KLOTIO0 Vo ETAYEL QAL KOTTOPO TTEPAYV CVTOV TOV EEMOEPUATOC
NG KEQPAANGS, VO O10pOpOTOINdovV GE KOTTUPO TOL POKOD;




Aev givoll OAa ta KUTTapa SEKTLKA OTA EMAYWYLKO GLLOTOL TOU
OTTLKOU KUOTLSLoV

Normal
induction _
of lens by
optic vesicle

Head <

Optic vesicle
cannot induce
ectoderm that

is not competent

Trunk<

O pOLOg TMV WTOOEKTOV OEV ELVUL TAONTIKOC,

Aektikomnra (competence) OVOUACETOL 1 KOVOTNTO ULOC OUAONC KLTTAP®V Vo
OVTOTOKPIVOVTOL GE EVOL ETOYWYIKO GTLLAL.




O poAo¢ tou yovidiov Pax6 0to GXNHATLONO TOU poTtiov

Presumptive -~ OPtic cup Invaginating lens
léns cells (presumptive retina

o a /Cornca
\:‘b.

250 pm

Retina

Early optic
prospective
. Fetina

Cornea

Lens
placode

To yoviolwo Pax6 ek@paleton 6TOV OMTIKO HiGY0 OAAG Kol GTO EEMOEPLLO. TNG KEQPAANC.




O ¢awvotunog twv petaAAaypatwv Pax6

‘Midbrain

Forebrain

o §_,_.—~ Lateral nasal
: i prominance
= T~ Nasal pit

Medial nasal prominance

210V AvOpmmo ot peToAAAEEC Tov Pax6 ce opolvymtio. mpokaAlovv coPapd
TPOPANUATO KO LETAED AAA®Y avo@Oaiuia.




O ¢awvotunog twv petaAAaypatwv Pax6

Human

Pax6é

deficient

iris .

reduced B8

(aniridia) §

210 dTouo Tov eivan €tepOlLYQ Yo Lot UETAAAOEN TOov Pax6 omovcldlel N ipoa
(aniridia) avemdpkela amlogidiog.




Iewpapoto cuvovacuov in
Vitro eE®OEPUATOS NE OTTTIKA
KVOTIONO.

H npoteivn Pax6 waver 1o
KOTTOPO.  TOL  €COOEPUOATOC

OEKTIKA OTO EMOYOYIKO GNLO
TOL  OMTIKOV  KLGTWOIOL -
(TapAyovTog  OEKTIKOTNTOG
competence factor).

Optic
vesicles

Surface Lens

Wild-type

ectoderm induction

Wild-type

Pax6 /Pax6™

Wild-type

Wild-type

Pax6™/Pax6” No

Pax6 /Pax6

Pax6 /Pax6™ No




O petaypadlkog mapayovtac Pax6 emnpealel ota
OnAaoTIKA TNV AVATTTUEN TOU HOTLOU, TOU VEUPLKOU
OUOTHHOTOC KOl TOU TIAYKPEATOC.

Fovidio tng 61 kpuoTaAAivng 0To KOTOTTOUAO Enhancer DNA

Promoter

-45()
Pd\xl Pbxl  Pdxl Pb§] Pdx]

Fovidlo TG cwpatootativng otov apoupaio

T enayer v Ek@paon Tov Pax6;




Ta cuvOeta patia (compound eyes) TwWV EVIOpHWV

«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)




2tn 6poocodiha ektomikn EKPpocn Tooo Tou eyeless 600 Kat Tou Pax6
TIPOKOLAEL TO OXNMOATLOHO EKTOTILKWV HOTLWV.

C@ﬂ

(A)

n;m:_ww; P F\

(Jl\' 4
Specific GAL4 activator (:~\L4 -binding Pax6

imaginal disc protein sites ¢DNA
enhancer

sequence
\

Y Y
Tissue-specific expression [ssue-specific expression
of GAL4 of Pax6 cDNA

|

Paxt protein
in new place




Ka@odnyntikn Kol EMITPEMTIKN EMAYWYN

2tnv kaBodnyntikn enaywyn (instructive induction) to ocijpa ano toug
EMAYWYELG Eival yla va EEKVoEL N EkPpaon KATTOLWV
YOVLOLWV OTOUC OTTOOEKTEC.

2TNV KalBodnyntikn EMaywyrn O OIOKPLVOUEVOC LOTOC ouVNOWC EMAEYEL
HETOEL HLAPOPETIKWV AVANTUELOKWY LLOVOTIOTLWV.




KaBodnyntikn Kot EMITPENTIKA EMAYWYN

Emoymyn

KoBoonyntiny

EE emagng ALoBAOULOT CUYREVTQWONS LOQPOYOVOU

|
¢

|
D

C )
ST




Ka@odnyntikn Kot EMITPETTIKA EMAYWYI)

2TNV EMLTPENTIKN enaywyn (permissive induction) o anokplvopeVoG LOTOG
xpeltaletat amAd Eva mePLBAAAOVILKO G TO OTIOLO TOU
TO SUVALKO TOU (TO SUVOLKO aUTO UTTAPXEL aveEEAPTNTA QIO TO
nepBaAlovtiko onuay).

2TNV ETUTPENTIKN EMOYWYN O OITOKPLVOUEVOC LOTOC EXEL LOVO EVOL LLOVOTTALTL
TIOU UMOPEL va. aKOAOUONoEL- Sev eMIAEYETAL LECW TNG EMAYWYNG N TUXN TWV
KUTTAPWV- aIAQ avadELKVUETAL.




EMUTPENTIKA EMAywyNn

= collectin
&> _ _ducts 9

- ‘ SN
metanephric @/Z

/
blastema \
1 \

\
|

| &
V“ \

v\\ - a
p @ 7

v \
% 5 |
|

/

/
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D
AN | AL X
e ) AL " - /% > .Wz--»developmg
L/ A 4 ureter |\ \ ) / i\ P &Y/ renal

tubules

ureteric bud

cellular
condensation
i
ureteric bud |

|
e® o

g3

tubule formation

) renal tubule

I ™V groyoy] TOV VEQPPOVOV  OTO0 TO UETUVEQPPIKO UNEGEYYLMO Elvar
gmopaitnT N 7wopovoio NS Kotofoing Ttov ovpnmipae. To peETOVEQPPIKO
REGEYYVUO. OEV £YEL TN OLVATOTNTO VO OYNUOATICEL TIMOTE (GAAO TOPG HOVO
VEQPAOVES 0ALG emPLAOVEL HOVO TOPOVOL TS KOTUROANS TOV 0VPNTIPO.




Ka@odnyntikn Kol EMITPEMTIKN EMAYWYN

Emoymyn

Emitoemtiny KoBoonyntiny

EE emagng ALoBAOULOT CUYREVTQWONS LOQPOYOVOU

|

D C )
S K
To6yoVTaC C _. )

|

D




AAANAemidpacerg petaéL emOnAiwv Kot LEGEYXUHATOC
(epithelial - mesenchymal interactions)

Meoéyyopo: Me tov 0po OVTO OVOQPEPOUOOTE GE EUPPLIKOVS 16TOVS TOV
OTTOLOV TO KUTTOPO ELVOL YOAUP(E GUVOEOEUEVO UETOED TOVS KOl £YOVV TN
ovvaToTnTO vo UETAVUGTEVOVY.
Ta peoeyyvpoTIiKe KOTTOPO TPOEPYOVTOL OTTO TO HEGOOEPA 1 UTTO TV VELPLKT)
OKPOLOPLA.

EmOnho: Iotol T@V 0T0lOV TO KUTTUPO EIVOL GTEVO GUVOEOEUEVE HETAED TOVS
KOl 60YvVa oynNuUoTiCovy pHepPpaves or 0moles KOAVTTOUY OLAPOPES ETLPAVELES
KoL KOLAOTNTES TOV COUATOG.
Ta smOno pmopel vo mTPoEPYOVTOL OO OTOLUONTOTE OO TS PAUGTIKES
oTifaosec.

IHoAAG OpyOvOe 0TTOTELOVVTOL OTTO £VO. ETONAL0 KO EVOV LEGEYYVUATIKO 16TO -
RETUED TOVS OVATTUGGOVTUL GVVIOMS ETUYMYIKES OAANAETIOPACELC.




AAANAsmidpacelg petaél emONALWVY Kol LEGEYXULOTOC

Epithelial - mesenchymal interactions

Organ

Epithelial component

Mesenchymal component

Cutaneous structures(hair, feathers,
sweat glands, mammary glands)

Epidermis (ectoderm)

Dermis {(mesoderm)

Limb

Gut organs (liver, pancreas,

salivary glands)

Pharyngeal and respiratory associated
organs (lungs, thymus, thyroid)

Kidney

Epidermis (ectoderm)

Epithelium (endoderm)

Epithelium (endoderm)

Ureteric bud epithelim
(mesoderm)

Jaw epithelium (ectoderm)

Mesenchyme (mesoderm)

Mesenchyme (mesoderm)

Mesenchyme (mesoderm)

Mesenchyme (mesoderm)

Mesenchyme (neural crest)




Torukn €§elbikevon Ko emaywyn

Source of Wing Specific induction
dermal epidermal

Lg TPOPO  OTAOWL  TNG mesenchyme epithelium

OvVOTTTUENS TOV  (GKPOV 1)
EMOEPULOQ &xel ™
ovvaToTNTO o
OVTOTOKPIVETOL  OLOPOPLKA
GE ONUATO TTOV TTPOEPYOVTUL
o0 710 peogyyvpo. To
necEyyvuo  €ivar  vawevbovo
Y0, TNV TOMIKN €&€EE10IKEVON
TOV OEKTIKOV £mOnAilov.

Scales,
claw

Muw opdoo KuTTAPOV UTOPEL VO EYEL T OVVATOTNTO VO OVTUTOKPLOEL o€
TEPLGGOTEPO TOV EVOS EMAYWYIKA CNUUTO, NE OLOPOPETIKO KAOE @Opa TPOTO.




To avantuéLlako otadlo oto onoio BploKketol po opada
KUTTAPWV EMNPEATEL TN SEKTLKOTNTA TNC

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

Animal —
cap cells

Marginal

(equatorial) — | Mesoderm

cells
———— Vegetal - l Endoderm |
cells

(B} Animal and vegetal fragments
give mesoderm

~— Animal cap (presumptive
ectoderm) is converted to

Mesoderm

e ~
~ by factors released
from vegetal cells




Ta k0TTOpO TOV COIKOV TOAOV £YOVV T1] OVVATOTNTA VA
OTTOKPIVOVTUL GTO EMAYOYIKO GNUOTO (ELVOL OEKTIKA)
TOV QUTIKOV KUTTAPOV Y0 EXTA MPEC.

H 0eKTIKOTNTO OTOTEAEL UL OVVOULKT] KOTAGTAG).

8 9 110 11 112 113 14

Hours after fertilization

5% Animal cap cells <2
'~ from a Xenopus - 2 For 7 hours cap cells are ‘competent’
to be induced to form mesoderm

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

%

0 \{

N -y A N

Ko0og mpoympa n avartoén n iKevoTNTo TOV KVTTAPOV VO, AVTUTOKPIVOVTAL
O€ EMUYMYIK( onuota pertofaiieTan.




H mopeia mpoc¢ tn dtadopomnoinon

Totipotent Pluripotent Commited
OAOOVVOUO [ToAvdvvouo AEOUEVUEVO

DEVELOPMEN>

Differentiated
Awadopomnoinpévo

H owodwkoolo KOt TNV 0mole To KUTTOPO EESLOIKEVOVTOL OvVOpaCeTon
owa@opomoinon (differentiation) .

H oéopevon (commitment) mwponyeitor TS TEMKNS orv@opomoinons. Eva
ogousvuévo (commited) KOTTOPO OEV OLUQPEPEL QUIVOTVTIKA OO0 £va un
OEGUEVUEVO- OPUMC £YEL 1101 TEPLOPLOTEL TO AVUTTVELIKO OVVOULKO TOV




H mopeia mpoc¢ tn dtadopomnoinon

MeodoeQuaL

Evdodeoua

Emideouida

NevooemiOiLo

[Tp6o0L0g
eYREPAAOG

M¢éoog
EYREPAAOG

OmioOLog
EYREPAAOG

Notioiog
UWVEAOC

Poupouepéc 4

AMNES TTEQLOYES

Iepapyla Tomkig eCewdikevons kKatd TNV avamtodny. Ta kvtTOpo mov
oLUYKPOTOUY TO pouPoucpéc 4 Tov omicOwov EYKEQPAAOV  TPETEL
TPONYOVUEVAS VO €OV  «OTOPUOIGEL> OPYKG 0Tt 00 oynuaticovv
eEMOEPNU, KOTOTLY VELPOEMIONAL0, 6T ovvErEln omicOo eykKEQPaAo Kot
TEMKA pouPouepéc 4.




H 6€opeguon umopel va xwplotel o€ Suo otadia:

E¢eldikevon (Specification)

MpokaBopiopoc (Determination)




E¢eldikevon kat MpokaBoplopoc

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

gastrula host neurula

tissues from transplant

A transplant from a later stage embryo develops as an eye

transplantation eye-like structure formed from transplanted tissue

yod -
| 2ot

neurula host neurula

Evo kvVttapo ovopdaCetor mPokaOOpPopévVO G TPOS KATOW  TOPELO,
OLIPOPOTOINGNS, OTOV £ivar 0£00nEVO TOS B0 aKorlovOnGeEl TNV TOopELa VT,
OKOHO KOl OV HETONOOYEVOEL 6€ U0 OLHPOPETIKI] TEPLOYN TOV EuPpvov Ko
emouéveg ektelel oe emayYIKo gpediocpnotTa OV OTPEPOLY TO KUTTOPO GE
OLOPOPETIKOVS AVUTTUVELOKOVS TTPOOPLGUOVG.




E¢eldikevuon kot MpokaBoplopoc

Normal fate

Region B not specified

Region B specified

Region B not determined

Region B determined

Region A

<2mz-u0rm<mc

2%

transplanted region labeled

Ny Ry

transplanted region labeled

Nty

Evo kVtTtopo Ocmpetitor EEOIKEVUEVO Y10 Hio TOPELR OLAPOPOTOIN OGNS, OTAV GE
MEPITTOGT] TOV UTONOVMOEL 0O TO VIOLOUTO EUPpPvo Kol KaAlepyn0el o€ Eva
artA0 (0VOETEPO) OpENTIKO néGO, aKOAOVOEL VT TNV TOPELR OLAPOPOTOLN GG,
Evo e€101kevpuévo KUTTOPO Hmopel vo aKOAOVOGEL OLUPOPETIKT] VUTTUELOKT)
moPELN €AV EKTEDEL 6€ KOTAAMNALD ETAY®YIKA EpEOionaTO.




