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Spiral cleavage in molluscs
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Opistobranch Navanax enigmaticus (Chavez et al. 2017)



8.23 Spiral cleavage of the mollusc Trochus (Part 1)

" ‘ l A) View from animal pole

DEVELOPMENTAL BNOLOGY, Eghen Eadven, Figurs .23 (Pan! 1) © 2000 Smmms Assoxinion, b



8.23 Spiral cleavage of the mollusc Trochus (Part 2)

(B) Side view

DEVELOPMENTAL BOLOGT, Eaghen Eavion, Figurs 8.23 (et 3) © 2000 Smmnr Asaocision, bt



8.25 Looking down on the animal pole of (A) left-coiling and (B) right-coiling snails (Part 1)

(A) Left-handed coiling (B) Right-handed coiling

DEVELOPMENTAL BOLOGY, Eghen Eavion, Figurn .35 (Pant 1) © 2000 Smmms Assocision, b



8.25 Looking down on the animal pole of (A) left-coiling and (B) right-coiling snails (Part 2)

(A) Left-handed coiling (B) Right-handed coiling

DEVELOPRENTAL BOLOGT, Bghen Eavon, Figurs 8.5 (Pant 3) © 2000 Smamuns Asaociaion, W
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Spiral cleavage in molluscs (Part 1)




8.30 Polar lobe formation in certain mollusc embryos (Part 1)

(A) Clear animal
cytoplasm

Granular
equatorial

cytoplasm

Clear vegetal

Polar lobe absorbed Second por Polar lobe absorbed
into CD blastomere lobe extrusion into D blastomere

DEVELOPRMENTAL BOLOGT, Bghen Favon, Figurn §.30 (Pant 1) © 2000 St Asaociion, b



8.30 Polar lobe formation in certain mollusc embryos (Part 2)
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(B)

DEVELOPMENTAL BOLOGT, Eghen Eanon, Figurs §.30 (Pant 3] © 2000 St Asaociaion, b



Determinate/autonomous development: decapentaplegic (dpp) mRNA association to centrosomes
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8.32 The 3D blastomere activates MAP kinase activity in adjacent micromeres (Part 1)

(A) (B)

Operculum

DEVELOPMENTAL BNOLOGY, Faghes Bdvn, Figurn §.33 (Pt 1) © 2006 Somams Asscises, ¥s



8.32 The 3D blastomere activates MAP kinase activity in adjacent micromeres (Part 2)

(C) (D)

Stomodeum Statocyst

Esophagus

Operculum

DEVELOPMENTAL BOLOGT, Eghen Eanon, Figurs 8.7 (Pant 3] © 2000 S Asaociaion, ¥
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O nematddeo Caenorhabditis elegans
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/ \

Uterus

DEVELOPRMENTAL BNOLOGT, Faghen Ednion, Figurs §.47 (Pant 1) © 2000 Smmns Associaion, b



O nematddeo Caenorhabditis elegans

DEVELOPRMENTAL BOLOGT, Faghen Edvion, Figurs §.47 (Pant 3) © 2000 Smmns Associaion, b



PAR proteins and the establishment of polarity
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Goldstein & Macara, 2007



PAR proteins and the establishment of polarity

Munro Lab:
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PAR Localization in Multiple Systems

D\ PAR-1
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Goldstein & Macara, 2007
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Segregation of the P-granules into the germ line lineage of the C. elegans embryo

CEVELOPMENTAL RO OQY. Eghin i, Figure .44 © 2000 Smamns Asaociaion, ¥



Isolation and recombination experiments show that cell-cell interactions are required for the EMS
cell to form intestinal lineage determinants

O Gut differentiates
O No gut differentiation

Time of separation (min before EMS cleavage)

CEVELOPMENTAL ROXOOY. Eghin Eainon, Figure .08 © 2000 Sommms Asaonision, bl



Cell-cell signaling in the 4-cell embryo of C. elegans

@»/Spcrm
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Mesoderm Endoderm

CEVELOPMENTAL BROXOBY. Eghin Eanon, Figure .47 © 2000 Smmuns Assoiston, ¥
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9.2 Localization of the cytoskeleton around nuclei in the syncytial blastoderm of Drosophila

(A) (B)

DEVELOPNENTAL S9OLOOY. Eghvih Edtion, Figeme 5.2 © D000 Sewasr Assccsien. v



9.3 Formation of the cellular blastoderm in Drosophila (Part 1)

—Egg surface

Yolk membrane

4

DEVEROPMENTAL INOXOQY, Eghen Edtion, Figure 9.3 (Part 1) © 2008 Linaonr Assciion. ¥t




9.3 Formation of the cellular blastoderm in Drosophila (Part 2)

DEVELOPMENTAL VO OQY, Egnan Fvon, Figure 0.3 (Part 35 © 2008 Svaunr Agsicien.
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8.7 Cleavage in live embryos of the sea urchin Lytechinus variegatus, seen from the side

Fertilization

(A) (B) envelope

(D) (E) (F)
Micromeres Micromeres

CEVILOMMENTAL OXOQY, B i, Figure 87 © 2006 Smamnt Assonipion, vt



8.6 Cleavage in the sea urchin
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CEVELOPMENTAL RO OQY, Egnn Faron, Figers 88 © 2000 Smamms Asaociaion, b



8.8 Fate map and cell lineage of the sea urchin Strongylocentrotus purpuratus (Part 1)
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an,
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Veg
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B Aboral ectoderm Secondary mesenchyme
Bl Oralectoderm [l Skeletogenic cells
Endoderm B Coelom

OEVELOPMENTAL INOLOGT, Eghes Edinien, Figurs £.8 (Pn 1) © 2006 Smmar Assonision, b
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8.34 Bilateral symmetry in the egg of the ascidian tunicate Styela partita

A) (B)

Ectoderm

Neural
ectoderm

N Notochord Muscle

Endoderm Mesenchyme

Anterior Posterior
Vegetal pole Vegetal pole

View from vegetal pole

CEVELOPMENTAL RO OBY. Eghin Eanan, Figare 834 © 2000 Smmns Associaion, ¥



8.35 Cytoplasmic rearrangement in the fertilized egg of Styela partita (Part 1)

Animal pole

Yellow cortical Oocyte Nuclear
cytoplasm nucleus material

(A) ]
Chorion Yellow Sperm
Vegetal pole cytoplasm  pronucleus

DEVELOPRMENTAL BOLOGT, Baghen Eavion, Figurn §.33 (Part 1) © 2000 Smamns Associaion, b



8.35 Cytoplasmic rearrangement in the fertilized egg of Styela partita (Part 2)

Yellow Sperm Yolk Yellow
cytoplasm pronucleus material crescent

DEVELOPRMENTAL BOLOGT, Faghen Evion, Figurs §.33 (Pant 3) © 2000 Smmns Assocision, ¥



Cytoplasmic segregation in the egg of Styela partita

(A) (B)  Yellow crescent (C)

(D) (E) (F)

(A) (B) (C)

Autonomous
specification
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10.2 Reorganization of cytoplasm in the newly fertilized frog egg

(Part 1)
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pigment cortical
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DEVELOPRMENTAL BOLOGT, Bghan Eavion, Figurs 10.2 (Fan 1) © 2000 Smans Associaion, ¥




10.2 Reorganization of cytoplasm in the newly fertilized frog egg (Part 2)

Pigmented
animal region

Gray crescent

Vegetal region

DEVELOPMENTAL BOLOGT, Bghen Eanon, Figurs 10.2 (Mant 3) © 2000 Snauns Assocision, ¥



CLEAVAGE: What type of cleavage do amphibians have?

holoblastic, mesolecithal



10.4 Scanning electron micrographs of frog egg cleavage

(B)

CEVELOPMENTAL BROXOBY. Eghin Eanan, Figure 104 © 2000 Smmns Assoision, W
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Zebrafish development occurs very rapidly
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11.4 Discoidal meroblastic cleavage in a zebrafish egg

(A) (B) (C)

CEVELOPMENTAL RO OQY. Eghin Eanan, Figare 1.4 © 2000 Smmns Asaoiaion, ¥



11.5 Fish blastula (Part 2)

(C) Animal pole

Ectoderm

Mesoderm

"~ Somite muscle

Ventral . Pronephr M." Dorsal

..........

Blastoderm margm

Yolk cell

Vegetal pole

DEVELOPMENTAL IOLOGT, Fghen Fanion, Figury 115 (Mart 3) © 2006 Smanr Assocision, bt



11.11 Maternal mRNA for Nodal-related protein is initially found throughout the egg cytoplasm

Ventral «————sDorsal
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Vi Y 1 )
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2 Zygote/1 cell 4-cell stage n“'&"‘ ndrl
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Ventral Dorsal
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Y
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CEVELOPMENTAL XX OTY. Eighth v, Flgurs 11 17 © 2000 Snmns Asaocision, b



Discoidal meroblastic cleavage in a chick egg

) (B) © (D)

| 4

Area Area  Marginal
pellucida opaca zone

Forming cells
(E)
o | @ | @

Area pellucida Area opaca

Marginal zone

B et

CEVELOPMENTAL IOLOTY. Eighty Fnon, Figurs 1194 © 2000 Smauns Associaion, ¥



11.15 Formation of the three-layered blastoderm of the chick embryo (Part 1)

Anterior = » Posterior
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OEVICOPRENTAL OCLOGY, Fighan Fvuon, Figurn 11,13 (Fan 1) © 2006 S Assocision, bt



11.15 Formation of the three-layered blastoderm of the chick embryo (Part 2)

Primary hypoblast cells

(C) Stage XIII

Ut

Secondary hypoblast cells

DEVECOPMENTAL BOLOGY, Fighan Edvuion, Figurw 11,13 (Prt 3) © 2006 Sommns Assocision, but



11.15 Formation of the three-layered blastoderm of the chick embryo (Part 3)

(D) Stage2
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Comparacgao das primeiras divisdes en (A) equinodermos e anfibios e (B) mamiferos
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plane II P 7ne plane II\A P alne

>

Cleavage
plane I1B

(A) ECHINODERM (B) MAMMAL
AND AMPHIBIAN

CEVELOPMENTAL XX OOY Eghth Fann, Figare 1138 © 2000 Smmmr Asaccision, bv



11.27 Development of a human embryo from fertilization to implantation

2-cell stage

pellucida

Ampulla
region

Fertilization
Blastocyst

Early stage of

implantation Ovulation Fimbriae

CEVELOPMENTAL I O0Y Eghty Fanan, Fligure 11 .37 © 2000 Snmns Asaocision, ¥



11.29 Cleavage of a single mouse embryo in vitro

(G)

CEVELOPMENTAL XX O0Y Eghth £, Flgure 1139 © 2000 Smmms Asaociaion, ¥



11.31 Hatching from the zona and implantation of the mammalian blastocyst in the uterus

Endometrium
of uterus

CEVELOPMENTAL B O0Y Eghth Favmpn, Fignre 1137 © 2006 Snmms Asacxision, bu
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