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nauka o prenatalnim vyvoji organismu

« obdobi embryonalni — prvnich 8 tydnu vyvoje
 podle nékterych autoru Ize z n€j vyclenit obdobi

preembryonalni (prvni 2 tydny) a obdobi organogeneze
(3. — 8. tyden)

» obdobi fetalni — od 9. tydne po narozeni

* |ze vycClenit obdobi perinatalni, které pokracCuje az do 4.
tydne po narozeni



Tehotenstvi ¢clovéka

40 gestacnich tydnu (téhotenstvi) se pocita od prvniho dne
posledni menstruace pred oplodnéenim

38 tydnu anatomického stari se pocita od oplozeni



gestacni vek x anatomicky vek

mestruacni fertilizaéni,
koncepcni
Vek zarodku Skutecny vek
pocitany od prvniho zarodku pocitany
dne posledni ode dne poceti

menstruace
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3 trimestry téehotenstvi

l. prvnitrimestr tydny 1-16
1 — 2 prekoncepcCni
3 — 10 embryonalni obdobi
11 — 16 fetalni obdobi prvniho trimestru
Il. druhy trimestr  tydny 17 — 28
17 — 24 nezivotaschopné plody prostfedniho trimestru
25 — 28 plody se spornou zivotaschopnosti

nezivotaschopné plody jsou potraceny
zivotaschopné plody jsou porozeny predcasné

lI. treti trimestr  tydny 29 — 40
v déloze plody, po narozeni novorozenci



Carnegie Stages of Human Development

Dr Mark Hill, Cell Biology Lab, School of Medical Sciences (Anatomy), UNSW

Stage 1 Zygote
@ (1 a.g nonoysgalo) ¢ '

7 8

(17419 days)

P"’/

1517
2 " 3 : ( ays) 18
1 (3 days) o (4244 days) (4448 days)
(1 day) ’ : o (37-42 days)
v 12 13 srwaa T
B A0 pmamgn T
Vs

(19-21 days) (21-23 days)

s
-~
19 20 21
(45-51 days) (51-53 days) (53-54 days) '
- (54-58 days) 23
Acknowledgemaents {56-60 days)

Special thanks to Dr S. J, DiMarzo and Prof. Kohel Shiota for allowing reproduction of their research
Images and material from the Kyoto Collection and Ms B, Hill for image proparation.

© MA. Hill, 2004

https://emb.carnegiescience.edu/



based completely on external characteristics
A — embryonic stages (1-8)

1 — unicellular (fertilization)

2 — blastomeric (morula, cleavage of oocyte)
3 — blastodermic (blastocyst)

4 — bilaminar germ disc (epiblast, hypoblast)
5 — trilaminar germ disc with axial structures
6 — cylindrical embryo (formation of somites, closing of neural tube)
7 — C shaped embryo (formation of limbs)

8 — late embryonic stage (limbs fully differentiated including fingers and toes,
closing eye fissures)

B — fetal stages (9)
C — perinatal stages (10)
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Meidza

redukcni déleni — vznik bunék s polovicni sadou
chromosomu

2n > 1n

nahodna distribuce materskych a otcovskych
chromosomu do dcerinych bunék

2 déleni:

meioza I.

meioza Il.



Meidza |.

1. zraci déleni, redukcni, heterotypicke

redukce poctu chromosomovych sad

Profaze |I.
Metafaze I.
Anafaze I.
Telofaze I.
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Homologous Chromatid
chromosomes crossover
aligned

A a
B b
C C c
Recombinant
chromatids
A A a
B B b
62 c C
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Recombination
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two strands of

Chiasma chromosomes

—)
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Metafaze I.
Anafaze I.
Telofaze I.

LD

Early prophase | Middle prophase |

Middle prophase | Late prophase |

Metaphase |

Telophasze

https://www.wikiskripta.eu/w/Mei%C3%B3za



Meidza Ill.

2. zraci déleni, ekvacni, homotypické

sesterské chromatidy rozdéleny do dvou dcerinych
bunéek

ze dvou bunek se stavaji ctyri bunky haploidni

Profaze Il.
Metafaze Il.
Anafaze Il.
Telofaze Il.



Prometaphase | Anaphase |
Homologous pairs

Homologous _ of chromosomes

pairs of are pulled apart by

chromosomes microtubules ‘

are held attached to the

together at the kinetochore.
; chiasmata. : N
% =
o :
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Microtubules attach Sister chromatids
to the fused kinetochores remain attached at
| of the sister chromatids the centromere.
Prometaphase Il Anaphase Il
. . Sister chromatids are
Sision cutoratids pulled apart by microtubules
AlE held togethier attached to the kinetochore
_at the centromere. . 2

®
w
=

* Microtubules attach to the
individual kinetochores of
the sister chromatids.

https://courses.lumenlearning.com/wm-biologyl/chapter/reading-meiosis-i/
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Primordial germ cell Diploid, 2N Primordial germ cell
Puberty Mitosis
Spermatogonia Diploid, 2N Oogonia
DNA Synthesis
Primary spermatocyte Diploid, 4N Primary oocyte
Meiosis |
Puberty
S
s eg 322? 0 Haploid, 2N
P ocytes Secondary oocyte
Meiosis Il and first polar body
Spermatids Haploid, 1N Definitive oocyte

and three
polar bodies



Spermatogenese

spermatocytogenese

spermatohistogenese

type A dark spermatogonia

©) type A pale spermatogonia

type A pale spermatogonia

> 2 type B dark
=~ gpermatogonia

late spermatids

"‘>’ ) ) 2 RA <» D))

residual bodies

f\:ﬁ’%% N spermatozoa
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Spermie

(spermatozoon) — akrozom Kapacitace
- probiha v déloze
- asi 7 hodin

- odplaveny seminalni proteiny
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Oogenese rimortal 2% Lidské vajicko (oocyt)
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based completely on external characteristics
A — embryonic stages (1-8)

1 — unicellular (fertilization)

2 — blastomeric (morula, cleavage of oocyte)
3 — blastodermic (blastocyst)

4 — bilaminar germ disc (epiblast, hypoblast)
5 — trilaminar germ disc with axial structures
6 — cylindrical embryo (formation of somites, closing of neural tube)
7 — C shaped embryo (formation of limbs)

8 — late embryonic stage (limbs fully differentiated including fingers and toes,
closing eye fissures)

B — fetal stages (9)
C — perinatal stages (10)
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Embryonalni stadia
J1azJ8
1 — jednobunécné (oplozeni) C1
2 — blastomerické (morula, ryhovani oocytu) C2
3 — blastodermové (blastocysta) C3/4
4 — dvojvrstevny terCik (epiblast, hypoblast) C5/6
5 — trojvrstevny terCik s osovymi strukturami C7/9
6 — trubicovité embryo (formovani somitd, uzavirani nervové trubice) C9/12
7 — embryo tvaru C (vznik koncCetin) C13/19

8 — pozdni embryonalni obdobi (konéetiny zcela utvofeny v€etné prsta,
uzavieni oCnich Stérbin) C20/23
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Embryonalni stadia
J1azJ8
1 — jednobunécné (oplozeni) C1
2 — blastomerické (morula, ryhovani oocytu) C2
3 — blastodermové (blastocysta) C3/4
4 — dvojvrstevny terCik (epiblast, hypoblast) C5/6
5 — trojvrstevny terCik s osovymi strukturami C7/8/9
6 — trubicovité embryo (formovani somitd, uzavirani nervové trubice) C9/12
7 — embryo tvaru C (vznik koncCetin) C13/19

8 — pozdni embryonalni obdobi (konéetiny zcela utvofeny v€etné prsta,
uzavieni oCnich Stérbin) C20/23



Stadium J 1 (C1)

Jednobunécneé stadium, oplozeni
(prvnich 36 h)

Substadia
1-0 nezraly oocyt
1-1 penetrovany oocyt
(prvni poélové télisko)
1-2 oocyt se dvéma nebo tfremi polovymi télisky
1-3 oocyt se dvéma prvojadry (ootida)
1-4 zygota (prvni mitéza)



Casovy priibéh oogeneze pred ovulaci
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Spermie navazané na zona pellucida
(SED1 na povrchu spermie + ZP3)

Spermie v kontaktu s oolemou
(zona pellucida enzymaticky odstranéna)



Figure1: Juno is the GPI-anchored oocyte surface receptor for Izumol.

a lzumo1 probe CD200 control b lzumo1 probe lzumo1 probe

Untransfected Clone B2

L Anti-Juno Isotype-matched control d lzumo1 probe Izumo1 probe

+ Anti-Juno + Anti-CD55

= ‘ . Muare o~ LT L T

Bianchi, E., Doe, B., Goulding, D. et al. Juno is the egg lzumo receptor and is essential
for mammalian fertilization. Nature 508, 483—-487 (2014).
https://doi.org/10.1038/nature13203
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Akrozomova reakce (akrozomalni reakce)

* uvolnéni enzymu z akrozomu, které rozpusti
zona pellucida a umozni spermii spojeni s
vajickem

* spermie musi nejdrive predtim projit kapacitaci
- interakce spermie s epitelem vejcovodu - kdy
dochazi k odstranéni glykokalyxu z
akrozomového vacku
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Kortikalni reakce
 aby se do vajicka nedostaly dalsi spermie
e obsah kortikalnich granul se vylije vné a

posléze pozmeni zona pellucida tak, ze brani
navazani dalsich spermii (zonalni reakce)
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Zonalni reakce

* splynuti membrany oocytu a spermie, do
oocytu se vsouva hlavicka a bicik (membrana
zUstava vneé)

e zabraneéni vstupu dalSich spermii diky
pozmeénené zona pellucida

e oocyt reaguje obnovou druhého meiotického
déleni



Corona Zona Perivitelline space Ootida
Male pronucleus

radiata 8 pellucida

Ve g
N o
& -~
@) e
L 3
& :

Spindle, Female pronucleus Polar bodies Centrosome
2nd maturation division

Prvni ryhovani




zraly oocyt s 3 pélovymi
telisky ootida zygota

o R ‘*g;i, - : :
J 1_2 J 1'3 J 1'4
Sperm Sperm aster Pronuclear Mitosis C 1
formation stage

Délici vieténko prvojader zajistuje
proximalni centriol spermie

Centrioly zygoty vznikaji reduplikaci
centrioli spermie

Proximal centriole
(plays critical role in sperm aster
formation after sperm incorporation)

Schatten,H., Sun,Q.Y.: The role of centrosomes in mammalian fertilization and its significance for ICSI. Mol. Hum. Reprod. 15(9), 2009: 531-538.



B C D E

Schematic diagram of the centriole—centrosome complex cycle within the first cell cycle.
(A) Sperm before fertilization contains a proximal and distal centriole. The meiotic
spindle in the MII stage oocyte contains acentriolar centrosomes. (A) Extrusion of the
second polar body; (B) Sperm aster formation from the sperm'’s proximal centriole—
centrosome complex; (C) After pronuclear apposition, replication of the centriole at
pronuclear stage; (D) After syngamy, the duplicated centriole—centrosome complex
migrates around the zygote nucleus and relocates to opposite poles to form the centers of
the mitotic spindle poles. (E) Mitosis of the first cell cycle.

Schatten,H., Sun,Q.Y.: The role of centrosomes in mammalian fertilization and its significance for ICSI. Mol. Hum. Reprod. 15(9), 2009: 531-538.



Casovy pribéh oogeneze pred ovulaci

Germinal vesicle
and nucleolus

HOURS O 15 20
Ovulatory Germinal  First meiotic Second  Ovulation
surge of LH and FSH vesicle metaphase meiotic
breaks down metaphase

pfi dokonCovani profaze 1. zraciho
déleni se rozpadaji centrioly
délici vieténko prvni i druhé meiozy
vznika acentriolarné

SEA A RS e A
Sattrnartht),A.lCurl.: From oogonia to mature oocytes: Inactivation of the maternal centrosome\ir hTm S. Nb c. Res. Tech. 69, 2006: 396—-407.
’ L






Stadium J 2 (C2)

Blastomerické stadium, ryhovani oocytu

dny 3-4






vnitrni bunécna masa
evni bunécna masa




Il mass

INNEer ce

Four-cell stage

Two-cell stage




Morula

kompaktizace

J2



Stadium J 3 (C3/4)

Blastocysta

dny 4 -6

Substadia
J 3—-1 Casna blastocysta (se zona pellucida)
C3

J 3-2 pozdni (,vyklubana®) blastocysta bez zona pellucida
C4



J3-2,C4




Hatching

www.embryology.ch



https://www.youtube.com/watch?v=ExYZ3JZQhUo

https://www.youtube.com/watch?v=ExYZ3JZQhUo



https://www.youtube.com/watch?v=ExYZ3JZQhUo
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DAYS 1 7 14 21 28

FOLLICULAR PHASE LUTEAL PHASE

36.7°

BASAL BODY
TEMPERATURE

36.4°

HORMONE LEVEL

FSH
LH
ESTROGEN _——=<

PROGESTERONE

N\

3)----OVUM

OVARIAN CYCLE ® e

OVULATION
S T i
UTERINE CYCLE : ’ ’ 5
MENSES | PROLIFERATIVE | SECRETORY

Autor: Isometrik — Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=8703107



prvni tyden

Time of
DNA

Preovulatory follicle
Myometrium

Fimbria Perimetrium
Endometrium (progestational stage)

“J@Wo[ters Kluwer Copyright © 2015 Wolters Kluwer « All Rights Reserved 63



andometrium

inner call mass
{embryablast)

Iraphablast

hlasiocyst cavity
(blastoooeke)

CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=1841189



4,5d 6d

Inner cell mass Uterine epithelium Uterine stroma
or embryoblast . | ..

Trophoblast
' cells

e hn%
& —Outer cell mass N
or trophoblast

J 3-2, C4






Stadium J 4 (C5/6)

Dvojvrstevny zarodecny tercCik
(dny 7 — 14)

Substadia
4—1 neuplny vacek amniovy a primarni zloutkovy

dny 7-9 C5
4—-2 primarni zloutkovy vacek

dny 10 — 13 C5
4—-3 sekundarni zloutkovy vacek

den 14 C6



Endometrial stroma

¥ 75d

R Lo filan e oBlood
s s LR 2 vessel

Uterine ‘
gland -

X Syncytlo-

. .Cytotrophoblast
: Blastocyst cavity
Hypoblast




amnioblasty amniova dutina cytotrofoblast
- | |

R

epiblast

blastocoel
hypoblast

trofoblast

J4-1,C5



Trophoblastic lacunae Enlarged blood vessels

9d

-;S?ncytiotrophoblast
Cytotrophoblast

- Amniotic
i cavity

~Epiblast

J 4-1/2, C5

Hypoblast

i v

Exocoelomic cavity
(primitive yolk sac)

"Exocoelomic (Heuser’s)
membrane

Fibrin coagulum




Actual size

Primary yolk sac

Heuser's . . ,
membrane Extraembryonic reticulum  Heuser's membrane

Cytotrophoblast

Extraembryonic
reticulum

10-11 days Epiblast proliferating to form

J 4 2 C5 extraembryonic mesoderm
y

| P> Extraembryonic

mesoderm
12-13 days
™~ Chorionic
cavity

Extraembrvonic mesoderm



J4-2,C5

syncytiotrofoblast

amniova dutina V ,g?

extraembryonalni mesoderm
epiblast
hypoblast

exocoelomové (Heuserova) membréna/ I S 5 It AN
primarni (primitivni) zloutkovy vacek -



Trophoblastic lacunae Maternal sinusoids

12 d
J4-2,C5

burky
hypoblastU|

xtraembryonic
coelom

Extraembryonic

planchnopleuric
mesoderm
s (%3 A
PSS g : :
- (250090008 Extraembryonic

Exocoelomic cavity g, coelomic  [somatopleuric mesoderm

(primitive yolk sac) membrane




9 ) 4-2/3,C506

-

,, {{/: .

>




J 4-2/3, C5/6




Buccopharyngeal Primary Trophoblastic 14 d
' membr_ane villi lacunae

J 4-3
C6

Maternal
sinusoid

Connecting
stalk

-Amniotic

- cavity

Secondary
olk sac

Extraembryonic
somatopleuric
mesoderm
(chorionic plate)

FExtraembryonic
coelom

(chorionic cavity)

507,
Exocoelomic cyst




Stadium J 5 (C7-9)

Trojvrstevny zarodecny terCik s osovymi strukturami

dny 15 - 20, déelka 0,5 - 1,5 mm

osoveé struktury: primitivni prouzek, primitivni uzel, orofaryngova
membrana, kloakova membrana, prechordalni ploténka,
chordomesodermovy vybezek a ploténka, chorda, alantois
Substadia

J5-1 primitivni uzel a chordomesodermovy vybézek C7
J 5—-2 notochordova ploténka, primitivni prouzek,
intraembryonalni mesoderm C8
J 5-3 chorda, neuralni valy C9
GASTRULACE
NOTOGENESE

NEURULACE



15d

Bilaminar embryonic disc
Epiblast

Syncytiotrophoblast —— . t Hypoblast

Cytotrophoblast

_ Amniotic cavity
Extraembryonic mesoderm

Future position of
oropharyngeal membrane

.........
T i
-

_ : Primitive pit
Amniotic cavity

o Primitive node
Definitive yolk sac

Primitive groove

Primitive streak
Future position of cloacal membrane

Definitive yolk sac

15 days Extraembryonic mesoderm

J5-1/2, C7/8



Gastrulace

J5-1/2, C7/8

Bilaminar embryonic disc

Primitive streak

Epiblast S
Hypoblast

A

1 / \
14-15 days Endoderm 16 days Mesoderm Definitive endoderm

Schoenwolf, G.C. et al: Larsen’s Human Embryology, Elsevier 2009






Vyvoj chordy - notogenese

Prechordal
mesoderm  Notochord

Primitive pit Neurenteric

Oropharyngeal canal

Amnion Body o membrane

Allantois

Notochordal Eg%%%grdrﬁl Notochordal process
process with open bottom (notochordal plate)

Neural ectoderm

Extraembryonic

Wall of mesoderm Intraembryonic
yolk sac mesoderm

Notochord

17 Days 18 Days 19 Days



Neural fold

Cut edge of amnion

Neural plate

Neural groove

Somite

Primitive streak







Stadium J 6 (C9-12)
trubicovité embryo

formovani somitu, uzavirani nervoveé trubice, srdecni trubice a klicka

dny 20 — 30, délka 1,2 — 3 mm

Substadia

J6-1

J 6-2

J 6-3

embrya se zcela otevienou nervovou trubici a prvnimi sedmi pary C9/10
somitu

embrya s uzavirajici se nervovou trubici a pfednim a zadnim
neuroporem C10

embrya s uzavienym prednim neuroporem nebo obéma,
bez P(/)ngetﬁ\ovfc pu%en&n P C11/12



J6-1,C10 Anteriqr neuropore

Neural fold

C10




J 6-1, C10




J 6-3, C11/12




J 6-3, C11/12

=i ]}
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Stadium J 7 (C13-19)

Embrya tvaru C
S vyvijejicim se obliCejem a koncCetinami

dny 28 — 53, délka 4 — 24 mm

Substadia
J 7-1 zfetelné horni koncCetinové pupeny 3—-5mm, 30 —35dni C13
J7-2  embrya s hornimii dolnimi kon€etinovymi pupeny 5—-8 mm, 35— 37 dnii C14

J7-3 embrya s dvojsegmentovymi hornimi a nesegmentovanymi dolnimi kon&etinovymi pupeny
7—10 mm, 36 — 38 dni C15
J7-4  embrya s dvojsegmentovymi hornimi kon€etinovymi pupeny s dlafiovymi ploténkami
a s dvojsegmentovymi dolnimi kon€etinovymi pupeny 8 — 12 mm, 37 — 41 dni C16

J7-5 embrya s prstovymi paprsky ruky a plantarnimi ploténkami
10 — 14 mm, 42 — 44 dni Cc17
J7-6  embrya s prsty ruky a prstovymi paprsky nohy 15 - 20 mm, 45 - 50 dni C18/19



Stadium J 7-1 (C13), 4 mm, 32 dni
embryo tvaru C s Casnymi konCetinovymi pupeny z prave a leveé strany



0.0 v H

J 7-1 (C13) embrya s patrnymi hornimi konCetinovymi pupeny
3 —5mm, 30 — 35 dni




J7-2 (C14) embrya s hornimi i dolnimi konCetinovymi pupeny
5—-8 mm, 35— 37 dni




J 7-3 (C15) embrya s dvojsegmentovymi hornimi a nesegmentovanymi dolnimi konéetin%\éym&gucfneiny

(v tomto stadiu je patrny konecny pocet somitli — 42 az 44 paru)

50c,7¢c,12th,51,5s, 8-10 coc




J 7-4 (C16) embrya s dvojsegmentovymi hornimi koncetinovymi pupeny
s dlanovymi ploténkami
a s dvojsegmentovymi dolnimi konCetinovymi pupeny
8 —12 mm, 37 — 41 dni




J 7-5 (C17) embryo s paprsky prstl ruky a plantarnimi ploténkami

migi 10 — 14 mm, 42 — 44 dni dorsalni segmentace

v hyalinnich chrupavkach je syntetizovan chondroitinsulfat



J 7-6 (C18/19) embryo s prsty ruky a prstovymi paprsky nohy

L. . 15—-20 mm, 45 — 50 dni
primarni patro se uzavira



Stadium J 8 (C20-23)

pozdni embryonalni stadium, primarni patro uzavreny,
ocCni sterbiny otevreny, prsty na rukou i nohou

dny 52 — 60, temenokostréni délka 22—35 mm

Substadia
J 8-1 embrya s temenokostrcni délkou 22-26 mm
52-56 dni C20/22
kratka oCni viCka / short eye lids
J 8-2 embrya se srustajicimi ocnimi viCky
27-35 mm, C23
56—60 dni po oplozeni
srust oCnich vicek se povazuje za konec embryonalniho obdobi



J 8-1(C20/22) embryas temenokostréni délkou 22-26 mm

52-56 dni

kratka ocni vicka




J8-2 (C23) embrya se srustajicimi o€nimi vicky

27 — 35 mm, 56 — 60 dni




J 8-2 (C23) embrya se srostlymi oCnimi viCky

27 — 35 mm, 56 — 60 dni
srust oCnich vicek se povazuje za konec embryonalniho obdobi



Stadium J 9
fetalni obdobi, plody prvnino a druheho trimestru

Substadia
9-1 plody prvniho trimestru

gestacni stari 11-16 tydnu

celkova telesna hmotnost 2-100 g
9-2 plody druhého trimestru

gestacni stafri 17-28 tydnu

celkova telesna hmotnost 101-1000 g

nezivotaschopné plody mohou byt potraceny
zivotaschopné plody — novorozenci jsou porozeni



J 9-1 plod v prvnim trimestru,
gestacni stari 11-16 tydnu, cth 2—-100 g



J 9-2 plod ve druhém trimestru
gestacni tyden 17-28, cth 101-1000 ¢



Stadium J 10

perinatalni obdobi: novorozenec, meri se temenopatni delka

Substadia

10—1 nezraly novorozenec s extremne nizkou cth
do 750 g

10-2 velmi nizka porodni hmotnost
751-1000 g

10-3 predCasne narozeny novorozenec
1001-2500 g

10—4 normalni novorozenec 2501-4200 g

10-5 hypertroficky novorozenec nad 4200 g






Gestacéni tydny

novorozenci /

11 - 16
11 - 12
13 - 14
15 - 16
17 - 28
17 - 18
19 - 20

21-22
23 -24
25 - 26
27 - 28

skupina
1 - extrémné nezrali
2 -nezrali

2a
2b

3 -nezrali

temenokostréni délka

[mm]
30 - 55
50 - 80

75 -100

120
140

160
180
190
200

4 - predCasne narozeni

5 -donoseni

gestacni stari 38-42

6 -nadmeérné velci

celkova hmotnost
(0]

15

50

100

200
350

450 *
600 *
800 *
1100 *

pod 500
velmi nizka
500-800
801-1000
1001-1500
1501-2500
2501-4200

nad 4200



Srovnani systému periodizace vyvoje lidskych embryi

Tyden | Den Délka Pocet | Carnegie | Vlastnosti J-
(mm) | somitt | stadium stadium
1 1 0.1-0.15 - 1 Oplozeni 1
1.5-3 0.1-0.2 - 2 Prvni ryhovaci déleni (2-16 bunék) 2
4 0.1-0.2 - 3 Blastocysta je volné v déloze 3-1
5-6 0.1-0.2 - 4 Blastocysta se klube a zaCina se 3-2
implantovat
2 7-12 0.1-0.2 - 5 Blastocysta je pIné implantovana 4-1, 4-2
13-14 0.2 - 6 Objevuji se primarni uponové choriové 4-3
kIky, vyviji se primitivni prouzek
3 15-17 0.4 - 7 Zacina gastrulace; formuje se hlavovy 5-1
(chordomezodermovy) vybézek
17-19 1-1.5 - 8 Formuje se primitivni jamka; objevuje 5-2
se neuralni ploténka a neuralni
brazdicka
19-21 1.5-25 1-3 9 Tvofi se ocasni hrbolek a prvni somity; | 5-3, 6-1

ve vznikajicich mozkovych vaccich se
objevuji neuromery; formuje se
primitivni srdecni trubice; zarodecny
terCik se zacina vaskularizovat




D | Délka | Pocet | Carnegie | Vlastnosti J-
(mm) | somitt | stadium stadium
21| 2-35 4-12 10 Neuralni valy zaCinaji splyvat; kranialni konec 6-1,6-2
- embrya se rychle ohyba; objevuje se zaklad plic;
23 tvofi se myokard a srdce zacCina pracovat; objevuje
se jaterni primordium; zacinaji se formovat prvni dva
Zaberni oblouky a o€ni ryhy
23| 2.5- 13-20 11 Prvopohlavni bunky zaCinaji migrovat ze stény 6-3
- 4.5 Zloutkového vacku; uzavira se kranialni neuroporus;
26 perforuje se orofaryngova membrana; vyvijeji se o€ni
vacky; zacCinaji se formovat sluchové jamky
26 | 3-5 21-29 12 Uzavira se kaudalni neuroporus; objevuje se 6-3,7-1
- vychlipka ZluCniku a dorzalni pankreaticky pupen;
30 zacina se formovat urorektalni septum; objevuji se
horni koncetinové pupeny; formuji se 3. a 4. zaberni
oblouky
28 | 4-6 30+ 13 V plastové zéné michy a mozkového kmene se 7-1,7-2
- zacinaji diferencovat dorzalni a ventralni sloupce;
32 v srdci se zacina formovat septum primum; objevuje

se slezina; objevuji se ureterové pupeny, dolni
koncCetinoveé pupeny, sluchové vacky, plakody ¢ocky,
a motoricka jadra hlavovych nerv







Stadium J 5 (C7-9)

Trojvrstevny zarodecny terCik s osovymi strukturami

dny 15 - 20, déelka 0,5 - 1,5 mm

osoveé struktury: primitivni prouzek, primitivni uzel, orofaryngova
membrana, kloakova membrana, prechordalni ploténka,
chordomesodermovy vybezek a ploténka, chorda, alantois
Substadia

J5-1 primitivni uzel a chordomesodermovy vybézek C7
J 5—-2 notochordova ploténka, primitivni prouzek,
intraembryonalni mesoderm C8

J 5-3 chorda, neuralni valy C9



Treti tyden
Trojvrstevny zarodecny tercik

dny 15 - 20, delka 0,5 - 1,5 mm

GASTRULACE
NOTOGENESE
NEURULACE



14-15d

Amniotic
cavity

Epiblast Syncytiotrophoblast

Hypoblast

Cytotrophoblast

Extraembryonic
Definitive mesoderm
yolk sac

Cut edge of
amnion

J 5-1/2, C7/8

Primitive
streak Wall of

yolk sac

Hypoblast Epiblast



J5-1, C7

Cut edge
of amnion .-~

Primitive
streak
node



Gastrulace

Primitive Primitive 15 d
hege streak J 5-1/2, C7/8
Amnioblasts

Epiblast

Invaginating
mesoderm cells

Hypoblast



J5-1, C7

Cut edge
of amnion .-~

Primitive
streak
node









Obecna strategie vyvoje usporadanosti

1. Vytvoreni zakladniho vzorce télniho planu na zakladé
jednoduchych asymetrii (ustanoveni télnich os)

2. Postupné vytvareni detailu prostrednictvim induktivnich
mezibunécnych interakci. Dochazi k diverzifikaci bunék,
jejichz usporadani zavisi na:

a) pozicnich signalech mezi burikami
b) programu buriky, ktery méni bunécnou odpovéd
na tyto signaly v zavislosti na case.

Isthmic

Anteriort A ( ‘ ’Postenor
qD :Prechordal Notochord I;Primiﬁve
Anterior plate node
visceral
endoderm Isthmic

organizer

2 r3r4 rs'sﬂ Spinal cord

B /
Notochord
.\ Prechordal
mesoderm
Anterior Zona
neural ridge limitans

https://clinicalgate.com/establishment-of-the-basic-embryonic-body-plan/



Kompetence
schopnost bunky odpovedeét na indukujici signal

vyzaduje pritomnost: a) receptoru
b) transportnich mechanismu
[ ) meen  mewesed ) transkripCnich faktoru

m‘}“w\ .

https://www.khanacademy.org/science/biology/cell-signaling/mechanisms-of-cell-signaling/a/introduction-to-cell-signaling

Pozicni informace
urcuje identitu bunék
je dana vyvojovou historii buniky a primo ovliviuje formovani

tvaru



Morfogen

Kazda burnika ma potencial se vyvinout

|atka udélujici pozi¢ni informaci  ako modra, bila nebo cervena.

bunkam na zaklade svého |0‘0‘0‘0‘0‘0‘

koncentracnhiho gradientu

Pozice kazdé buriky je definovana
koncentraci morfogenu.

@Je)ele])e]e)

Pozi¢ni hodnota je interpretovana
bunkami, které se usporadané diferencuiji.

Prah
Model francouzské vlajky —

model vyvoje usporadanosti

Prah




Ustaveni telesnych os

primitivni uzel - Goosecoid, chordin,
noggin, follistatin, ]
nodal, brachyury — ustaveni

| / kaudalniho konce embrya

AVE =
predni visceralni entoderm — OTX2, LIM1, HESX1, Cerberus -

ustaveni kranialniho konce embrya

t BMP4 (3rafy) = ventralizace mesodermu (formovani intermediarniho
a lateralnino mesodermu)

{ BMP4 v primitivnim uzlu (goosecoid, brachyury) = dorsalizace
mesodermu (formovani paraxialniho mesodermu a chordy)

i;:iWolters Kluwer Copyright © 2015 Wolters Kluwer « All Rights Reserved



Dalsi mechanismy urcovani pozicni
informace

Vviz seminar



Oropharyngeal
membrane

J5-2,C8

J 5-3, C9

Neural
tube

Notochord

Lefty 1 (SHH, T)

Cloacal
membrane

Ustaveni pravoleve asymetrie



jednotlivé nodalni fasinky (bilé Sipky)




Vyvoj chordy - notogenese

Prechordal
mesoderm  Notochord

Primitive pit Neurenteric

Oropharyngeal canal

Amnion Body o membrane

Allantois

Notochordal Eg%%%grdrﬁl Notochordal process
process with open bottom (notochordal plate)

Neural ectoderm

Extraembryonic

Wall of mesoderm Intraembryonic
yolk sac mesoderm

Notochord

17 Days 18 Days 19 Days



J 5-2,C8 17d

Primitive pit and
neurenteric canal

Connecting stalk

-/ Ectoderm

B/

Amnion

.__,_."Allantois

‘‘‘‘‘‘‘‘
5wy
........
*y
Xx
3
&
....
‘‘‘‘‘‘‘‘

Wall of

yolk sac Cloacal plate

Prechordal plate (membrane)

4
%
v
".‘
o
W
i



Notochordal plate

Intraembryonic
mesoderm

Endoderm t'

J 5-2,C8



Intraembryonic mesoderm

Extraembryonic
mesoderm

Endoderm
Notochord

J 5-2/3, C8/9



Luminizovany chordomezodermovy vybézek

g va.."l-s e
T




pozdni chordalni ploténka zpetne zavzeti chordalni plotenky




| chorda dorsalis (notochord)

INIIvVN

def




Neural fold

Cut edge of amnion

Neural plate

Neural groove

Somite

Primitive streak







Neurulace

TFGF-8,noggin, chordin, follistatin
(v primitivnim uzlu a pozdéji v
prechordalni plotence a chordé)

Ectoderm Intraembryonic mesoderm

Extraembryonic
mesoderm

Endoderm

Notochord




Prechordal

e Oropharyngeal
Oropharyngeal : @ Neural membrane
, %
membrane C / plate Prechordal
A - P ,
Neural |
T groove 4—
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