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Cleavage Cllea"‘;ge Cleavage Cllea"alge
plane II P alme plane II\A P alne

(A) ECHINODERM (B) MAMMAL
AND AMPHIBIAN

DEVELOPMENTAL BIOLOGY. Seventh Ecition, Figare 11.27 Sirauer Associates. inc
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= S Clivaje radial rotacional

Two cells

Eight cells
(plus polar bodies) Fou cale Eight cell

compected)

Compaction
and polarization

Call division ~ Cell division

Clivaje radial rotacional de mamiferos




Clivaje radial rotacional

* =N

Eight-cell stage Compaction

Hay compactacion de las células en estado de 8 células




= S Clivaje radial rotacional

En mamiferos clivaje radial rotacional holobl3astico, blastula: blastocisto

Inner cell

32-Cell stage ..o

(blastocyst)

Early 8-cell stage  Later 8-cell stage  16-Cell stage
(compaction)

Tight junctions
Trophoblast

Mérula compactacion blastula blastocisto

@ 1998 Sinauer Asscciates, Inc.



Clivaje radial rotacional

. section of
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mouse egg v
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Blastocisto

1. Boton germinal o masa interna
de células

2. Membrana de fertilizacion o
zona pelucida

3. Trofoblasto

4. Blastocele

El blastocele es INFRAGERMINAL




Clivaje radial rotacional

Two-cell Four-cell Eight-cell Compacted rmorula

Rotacion del Mérula 8 células morula compactada blastocisto
segundo huso
mitotico



Clivaje radial rotacional

Blastocisto




Clivaje espiral

4 cells



Clivaje espiral

estereoblastula

2 cells
zygote 4 cells



Clivaje espiral

Protostomes
(mollusks, annelids,
arthropods)

estereobldstula

Modrula blastula

Spiral S detarmainate Segmentacién en platelmintos

2. Spiral cleavage
Annelids, molluscs,
flatworms




Dextral

Sinistral

Cllva]e espiral A
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4-cell
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= S Clivaje espiral

Sindsiral [recessiva) Deaxctrad (dominant) Sinistral (dominani)
Slage
A=l
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mirror-image snails within g spacies

Af— - —

Mirror-image snails Bonoss 5pacies



Clivaje espiral rotacional

.

/ / — /_____.._\
Oviduct / N
Spermatheca

I\Vulva \ Spermatheca

Ovary

0QOo, ° ©°°. °oo e
°°Oo° oo°°

Meiotic zone —/—>|<— Mitotic zone—| Distal tip cell

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 8.43 (Part 1) Sinauer Associates, Inc

© 2003 All rights reserved.
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estereoblastula




Acercamiento y
fusién de pronucleos

Primera division mitdtica
desigual

Huso mitotico de la
célula mas grande parala
segunda mitosis en
orientacion vetical
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Centrosomes divide and In the Py cell, the The spindle of the P; cell The Py cell, but not the AB
Biviclon of zvact migrate so that in the AB cell | |cenirosome-nucleus complex| | . . cell, divides in the same
W en OF SYou e the new spindle is at 90° subsequently undergoesa | | isaligned along the same | | plane as the first cell division
to the previous one rotation axis as in the zygote of the zygote

Anterior Posterior
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Centrosomes divide and In the Py cell, the The spindle of the P; cell The Py cell, but not the AB
Biviclon of zvact migrate so that in the AB cell | |cenirosome-nucleus complex| | . . cell, divides in the same
W en OF SYou e the new spindle is at 90° subsequently undergoesa | | isaligned along the same | | plane as the first cell division
to the previous one rotation axis as in the zygote of the zygote

Anterior Posterior
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Normal development
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Normal worm

Dorsal
Right
Anterior <:§ Posterior
Left

Ventral

© Jeremy Nance and James R. Priess

From Gastrulation: From Cells to Embryo

© 2004 Cold Spring Harbor Laboratory Press
Chapter 4, Figure 3

Clivaje espiral rotacional

Chromosomes

a

sperm nucleus 4
~——egg HUC|EE_:ISL_NJ._-_":
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b
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d

P granules

Célula P conlos
granulos

Célula P con los
granulos



Clivaje espiral rotacional

(C)

Anterior Posterior

/ \

Chorion

2 células morula blastula

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 8.43 (Part 2) Sinauer Associates, Inc
© 2003 All rights reserved



Clivaje espiral rotacional

Two cells AB and P4 dividing Four cells

Posterior

Anterior

Normal six-cell embryo Normal adult (ventral view)

EMS _ ABy

intestine




= S Clivaje espiral rotacional
(A)
ey 2
Ysperm
oocyte
zygote

|

mouth

newly-hatched
L1 larva

%

Las células P se convierten en las células germinales en el individuo recién nacido (IS



Clivaje espiral rotacional

C. elegans

Trichiurius muris

Prionchulus sp.

Enoplus brevis
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I I | - Spiral cleavage—
Radial cleavage—sea urchin Unequal cleavage—nematode annelids and molluscs

De manera comparativa el clivaje radial, el clivaje espiral rotacional desigual y el clivaje
espiral caracteristico de cada grupo.



= _SEE——— Clivaje meroblstico

\_cefalopodos )

d 4 N
Meroblastico
discoidal en peces

\- y,
Partial (meroblastic), moderately discoidal: Examples: Fishes, Danio, Oryzias 4 Meroblastico )

° discoidal en
reptiles,
elasmobranquios y

Partial (meroblastic) discoidal; View from above. Examples: Reptiles, birds

4 , .
Meroblastico
superficial en

. |
Superficial. Example: most insects, Drosophila \_ Insectos J o




= -AE—— Clivaje meroblastico

Danio rerio

cigoto

Cleavage



Clivaje meroblastico

2 células 4 células 8 células 64 células

Mmmal Pale

@ @] YACYZ

venfial Pale
4 Cells Bl el il Cells
] Embryone Fhud
L Femibised Egp {Yoke)
[ Blassodise




Clivaje meroblastico

) blastéomeros
blastomeros

blastomeros._____

blastdmeros




= G Clivaje merobléstico

Zygote Period Cleavage Period - 0.75 - 2.25 hpf

-0-075
a lWAP b
1-cell vE 2-cell
0.2 hpf 0.75 hpf

Blastula Period - 2.25 - 525 hpf




= S Clivaje meroblstico

(A)
Citoplasma Primeray
activo con segunda Bl
nucleo del divisiones Estado de 8 Vit

. ey 740 ielline
cigoto mitoticas células membrane

Yolk

¢ 3 3§

e Inner shell membrane

Outer shell membrane

Air space

Partial (meroblastic) discoidal; View from above. Examples: Reptiles, birds

llll
.

Arca Area  Marginal
pellucida opaca zone

Area pellucida Arca opaca -

Moarula DEVELOPMENTAL BIOLOGY 10e, Figure 9.2 \
© 2014 Sinaver Associates, Inc.




Clivaje meroblastico

Disco germinativo
Segunday tercera
divisiones mitoticas

Disco germinativo
Primera division mitdtica

Morula plana

’I|\

@ Area pellucida Area opaca



Clivaje meroblastico
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e Blastodermo
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Cbavage C|eavag
furrow furrow\
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Clivaje meroblastico

Inicio del clivaje

Yolk Yolk
< < =
N "
blastode_rm
' o il Formacion de la
/g N ' cavidad
= subgerminal

subgerminal space

Formacion de el
area claray el
ara opaca

hypoblast




= S Clivaje meroblstico
Blastula v Qun

Fertilized egg

|
> Disk of \
G © Blastoderm
f?/}_ O zygote " /
BLASTODERM /

voLKMAss 7 \
1 2

Epiblast Hypoblast




(A)

(B)
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Blastoderm
N

r
Antenor

Subgerminal space

marginal z
i 3
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Hypoblast cells

delaminating
Area pellucida from epiblast

]

Epiblast Koller's sickle

/ region
——

A
Epiblast Postenor

one
|

P e,

Hypoblast cells migrating from

posterior marginal zone

:(DI
B

caudal

La zona marginal
posterior equivale ala
zona donde los
blastomeros empezaron
la licuefaccion de la yema

Y determina desde donde
se organiza el hipoblasto,
sera la region posterior
del embridn

El epiblasto el dorso,
hipoblasto region ventral

™ N



Clivaje meroblastico




Clivaje meroblastico
superficial

I ] Cytoplasm is shared until blastoderm
Fertilized egg

has two nuclei

Pronucleos
acercandose

Divisions 1-8 (90 min)
Nuclei divide in common cytoplasm
(syncytium). Nuclei in polar plasm (pink)

become germ cell precursors. Divisiones mitodticas

C. e i :} sin citoquinesis

Syncytial blastoderm (150 min) ‘
Nuclei migrate to periphery and divide; 4

further divisions occur (in close but not
perfect synchrony).

Migracion de nucleos a

rYJT3I A L 0 T T
> H la superficie
., s
o000 o00000®®
Cellular blastoderm (195 min) ‘
Membranes surround nuciei to form

monolayer of ~6000 somatic cells.

Citoquinesis 'y

formacion de céulas
superficiales S
p N,




Clivaje meroblastico
superficial
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’1'\\\ /‘\\’f;m\ F 4 | 5\

Ny g e

Mitotic spindle

. “5\? = }#L‘“mw}:— Cleavage furrow

@ .; Y Astor

Nucleus

LE%

'; ‘—Fmv canal

=== \ licrotubules

L‘._;—' Yolk membrane

Divisiones mitoticas sin
citoquinesis

Se inicia la formacidén del
surco de clivaje

Los microtubulos organizan los
nucleos mientras se completan
los srucos de segmentacion

Elongacion de las células

Se completa el surco y se forman

las membranas basales que
separan las c€lulas de Ia yema
\



30 minutes

70 minutes S0 minutes o -
Fusion of sperm Nuclear division Nuclei migrate to Syncytial b!l;tss;cod Cellul b?ur? .
- e PreaHig SYReYHLIT periphery of cytoplasm yncy ermn ellular blastoderm
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Clivaje
Asti 256 X
meroblastico

Energids mig
to P(.‘ri Phury

superficial

Cellular
blastoderm
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L) fUNN(L‘

MICROPYLA

(Y s7. CLEAVAGE SLASTODEAM
FILAMENTS

mcuo'u(

Fic. 162. Fge and cleavage in the marine lamprey, Polistotrema m:lrlh.umm‘:) m;i
After Decan, 1899.) (A) Animal pole end of l!lc CRE: (ll') Sm'l;:g.c vw‘o) TM}J
dermic hillock. showing first cleavage (urmw.. (C) .S:nnc.‘wu_tnd c.q..wa;p:'. e
cleavages.  (E, 1) Later cleavages, strongly irregular.  (G) Egg with shell removed.




A.

F1c. 160. Cleaving eggs of Platypus and Echidna. (After Flyan and }!ill. .'3‘{.) (A)
38. shell, and carly cleavage in Ornithorhynchus. (B) Early cleavage in Echidna. Sce

;. 161D.

Clivaje meroblastico

MARGINAL FY =T
cELL

FiG. 161. Early cleavage in Echidna. (Courtesy, Flynn and Hill, "39.) (A) Fourcell
stage. (B) Eight<ell stage. ~ (C) About 16cell stage. Two meridional and four vertical
cleavages have occurred, (D) About 32<ell stage. Observe marginal and central cells.
(E) Section through blastodiss of 4 to 8<ell stage. (F) Section through blastoderm
of 16cell stage. See (C). (G) Section through blastoderm of 32<cell stage, shawing
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Figare 93, Cleavage in the canoid hish
sohelt, i

Amiar, (ATer Whitenan and Fay Llesheinser, loam K
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Holoblastica transicional

Amia calva

Lepisosteus oseus
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Alecitos B Holoblastica
Oligolecitos -
, _ mmmmns HOlObDIastica
isolecitos

Holoblastica -
transicional

Telolecitos Meroblastica
discoidal

Tipos de
huevos

Mesolecitos

-

. roblasti
Centrolecitos Meroblastica

superficial



Segmentacion
o clivaje

Radial

Espiral

Radial

Radial

bilateral

Radial
rotacional

Espiral

Espiral
rotacional







