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What is the A/P axis?

anterior posterior

Gonad Pelvic fins

Spinal cord
Vertebra

Anteroposterior axis

Gonad
Gut
Coelom

Peritoneum
« 2001 Sinauer Associates, [nc.




Germ layer rearrangement

-} anterior ecto (forebrain) I

ventral ectoderm
>> epidermis dorsal ectoderm

>> nervous system

posterior

spinal cord : L Ll posterior (trunk)
P ) e D mesoderm

anterior
(head) mesoderm

I mesoderm I\
endoderm \ — g

~50,000+ cells/ early gastrula

H. Sive, MIT 2006




Late gastrula .
anterior ectoderm

nterior mesoderm
nterior endoderm

D

posterior ectoderm
posterior mesoderm
posterior endoderm

Reorganization of germ layers during gastrulation
and A/P axis formation: general schematic

H. Sive, MIT 2006

When does the A/P axis form?




Fate maps Stern et al

A

Y

R TRARLLIRNNL
SIS e NI

3
S

I Telencephalon Diencaphalon B Ratina
B Vidbrain I Hindbrain Spinal cord

Specified
anterior
neural
ectoderm
“BCNE"

Forming
organizer

Xnr1,2,6

DOI: 10.1371 /journal. pbio.0020127.g002

Figure 2. Expression Patterns in Dorsal Ectoderm
Expression patterns of selected genes in the late blastula of
Xenopus, based on the work of Kuroda et al. (2004). See the text

for further explanation. .
Dawid, 2004
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Teftvl 9.5 lack

Mouse A/P axis present by implantation
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Takaoka et al, 2006

How does A/P axis form?
“The organizer”




organizer

Blastocoel

g ~ 7~ Presumptive
~~ / notochord LOUOR
/\l’resumpti\'e L i
\ somites / A8 A ™
Dorsal Presumptive Presumptive Primary
blastopore endoderm epidermis invagination
lip

Donor embryo

Host embryo

Organizer transplant

@ 2000 Sinauer Associates, Inc.

donor
organizer
has induced
a second embryo
made mostly from host cells

Conjoined twins after organizer transplant:
organizer is an inducing center
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Twinned frog embryos

Relationship to D/V patterning?
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In Drosophila,
A/P axis forms
independently of
D/V axis.

bicoid mRNA nanos MRNA

Bicoid protein Nanos and Cad
gradient protein gradients

Domains of expression of > { Domains (7 stripes”) of expression of each of §
8 gap genes ‘\kinds of pair rule genes (only one kind shown)

Domains (*14 stripes') of exprassion of each of 8 Domains of expression of 8
segment polarity genes (only one kind shown) HOX genes

Bicoid protein gradient
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animal pole

2 - 500+ cells

vegetal pole
Nodal gradient

H. Sive MIT 2006

500+ cells

® mesodé@@m g

Low nodal
>> mesoderm

2. Mesoderm determination

(High nodal >> endoderm)




H. Sive MIT 2006
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animal pole

2 - 500+ cells

5,000 -50,000 cells

vegetal pole . D/V Nodal gradient
An/Veg Nodal gradient

> Germ layers

Changing nodal gradient with time
helps determine different D/V mesodermal types

Sive MIT 2006

500+ cells

fow godal/Smady

1. Dorsal 2. Mesoderm

vegetal pole

dorsal
mesoderm:

p-cat + low nodal
(via Smads)
activates MyoD
transcription

3. Dorsal mesoderm = future muscle

10



H. Sive, MIT 2006

0,000 cells

1 4 ani

S D

Organizer
promotes
dorsal fates

BMP signaling promotes
ventral fates

vegetal pole late blastula

D early gastrula

Organizer refines
D/V axis

BMP gradient via
inhibitors from organizer
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Gilbert Figure 10.32 Localization of Chordin mRNA in the
Xenopus organizer

(A) (B) ©

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 10.32 Sinaver Associates, Inc.
© 2003 Al rights reserved
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Separable head and trunk
organizers

16

Gilbert Figure 10.40 Regional Specificity of
Induction Demonstrated by Implanting Different
1 Regions (Color) of the dorsal mesendoderm

~— 8 — > & :

Resulting ¢

Archenteron roof A :
animal

portion transplanted

(B) into early gastrula
/y\@ S &
\_/
(©)

12



Gilbert Figure 10.41 Regionally Specific Inducing
Action of the Dorsal Blastopore Lip

(A) Transplantation of young gastrula dorsal lip

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 10.41

Genes, factors

13
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Anterior
mi MPs |99
BMPS ey, CUUVICI | organizer

antiR

/

Posterior

Retinaic acid

trunk organizer

Signaling molecules involved in A/P patterning:
mid- to late gastrula: Xenopus schematic

H. Sive, MIT 2006
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" Spemann
organizer

= Wit = BMP ‘

Early gastrula Mid-neurula

Niehrs, 2004
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N

b

Wil Witl and BMPL

or

or
BMPT Nodall and BMP

|

or

NodalT and WritT

or

NodalT and BMPT
4

@ Niehrs, 2004

Gilbert Figure 10.36 Late expession of Xwnt8 ventralizes
mesoderm and prevents Head Formation in the Ectoderm

(A) .
(B) Animal
Frzb
Xwnt8
[> / Ventral Dorsal
Xwnt8 Frzb,
Dickkopf

UV

Vegetal

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 10.36 S

15



22 Gilbert Figure 10.37 Expression of the Wnt inhibitor Frzb
in future head. Overexpression leading to enhanced head
Sformation.

(A)

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 10.37

Organizers in other vertebrates

16



23

D Zebrafish Xenopus laevis Chicken Mouse
early gastrula early gastrula definitive streak late streak

i )
Embryonic shield Spemann organizer Hensen's node Node
.Blastopore Blastopore Primitive streak Primitive streak

.Initial Hox expression domain

Organizer position in various vertebrates

Stern et al, 2006

HOLOBLASTIC CLEAVAGE
A. Isolecithal

1. Radial cleavage
Echinoderms, — I —
amphioxus
2. Spiral cleavage
Annelids, molluscs, = > %
flatworms »
3. Bilateral cleavage
Tunicates _'

4. Rotational cleavage
Mammals, nematodes

Gilbert Figure 8.4(1) Cleavage patterns

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 8.4 (Part 1) Sina

17



II. MEROBLASTIC CLEAVAGE
A. Telolecithal

1. Bilateral cleavage
Cephalopod molluscs

2. Discoidal cleavage
Fish, reptiles, birds

B. Centrolecithal

Superficial cleavage
Most insects

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 8.4 (Part 3) Sinau
© 2003 Al rights reserved

chicken

18
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Gilbert Figure 11.12 Discoidal Cleavage in a Chick Egg

(A) (B) (®) (D)

Area Area  Marginal
pellucida opaca zone

Area pellucida Area opaca

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.12 Sinaver A
2003 Allr

27 Gilbert Figure 11.14(1) Cell Movements of the Primitive

Streak of the Chick Embryo
(A) Anterior

Area opaca

Area Margin
pellucida

Koller’s
Thickening ikl
area of

Posterior
blastoderm

(B)

Area opaca

Area
pellucida

Primitive
streak
taking shape

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.14 (Part 1) Sinaver Associates Inc
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28 Gilbert Figure 11.14(2) Cell Movements of the Primitive
Streak of the Chick Embryo

(C) Anterior Fate map
Hensen's Epidermal Notochord
node ectoderm \
Area Neural T
pellucida ectoderm /

Paraxial
Area— &

mesoderm
opaca /
Primitive Lateral plate
groove mesoderm /
(D) Extraembryonic

mesoderm Primitive

streak

Head
process

Hensen’s
node

A\

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.14 (Part 2) Sinaver Assocites.inc
2003 Al ights roserved

29 Gilbert Figure 11.14(3) Cell Movements of the Primitive
Streak of the Chick Embryo

(E)  Anterior border Ectoderm of head fold
of mesoderm

Neural fold

Somite

Head
Notochord

process
Segmental

Hensen’s plate

node

Primitive streak

Notochord

Primitive streak

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.14 (Part 3) Sinaver Associates, Inc
) 2003 Al rights reserved
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30 Gilbert Figure 11.15(1) Migration of Endodermal and
Mesodermal Cells Through the Primitive Streak

(A) Hensen’s Primiti
hode rimitive

streak Epiblast

Blastocoel

Hypoblast

Endoderm

b7
éiva@ Migrating cells

See part 2

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.15 (Part 1) S.
x
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Gilbert Figure 11.20(1) Induction of a New Embryo by

Transplantation of Hensen’s Node
Induced Host
(A) Transplantation of (B)  neural tube  embryo
duck Hensen’s node

Duck embryo Chick embryo

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.20 (Part 1) Sinave
2003
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32 Gilbert Figure 11.21(2) Gene Expression in the Primitive
Streak

(B) Vgl

L

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.21 (Part 2) Sinauer Assocates, Inc
©2003 Al rights reserved
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Gilbert Figure 11.22 Possible Contribution to Chick

Neural Induction
by the Inhibition of Bmp Signaling
(A) (B) (©)

___ % Hensen’s

)0 Hensen’s node

Noggin BMP7

Smadl

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.22 Sinaver Associates, Inc
©2003 Al rights reserved.
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mouse

Inner cell mass
>> embryo

Gilbert Figure 11.28 Mouse cleavage
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Primthe
sreak

Artterior
NEurectoderm

Anteior
mesendodzim

From Lu et al. (2001) Curr. Opin. Genel. Dev. 7.5 dpc

Mouse gastrulation

3 ‘5 Preimplantation

parietal

visceral
endoderm

peicra X polar )
trophectod
Y col e e""\\, i epiblast
mass-
= g oy ke of * L primitive
8 ° ° ° L -5 b 5 &
/ e '
d blastocoel  § S~ mural
2nd m:; A trophectoderm )
fertilized 2-cell 4-cell 8-cell 16-cell blastocyst implanting
e%g morula blastocyst
0l 1 day 2 days 2.5 days 3.0 days 3.5 days 4.5days
Postimplantation
5.5 days 6.0 days 6.5 days 7.5 days
— ectoplacental
cone

extra-
embryonic.
= ecloderm T
endoderm —
L mesoderm
primitive
g streak
axial

mesendoderm —
dorsal
right
2 = 3 U ectoderm ——
anterior «——t—>» posterior .
eft  mesoderm
ventral viscotal ~
endoderm ™ / -
qut endodermr”
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[ANTERIOR| <— [POSTERIORI

extra-
embryonic

mesoderm
)
extra- St trneppeedSe  primitive y :
0 ae e anterion e
B o anteror - ek
: epiblast
VE N |
snlezior ' organiser
o/ B ganiset
epiblast ———— < I A (node)
distal VE > axial
mesendoderm
Days after
fertilization 55 60 65 70
B. — Es ™
. EXTRAEMBRYONIC
Bmpr1 EMBRYONIC
£ wnt REGION extraembryonic
ectoderm
visceral
endoderm
Nodal epiblast
ANTERIOR

POSTERIOR

Beddington et al, Fig 2/ mouse development
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Gilbert Figl&')e 11.39(1) Axis formation in the Mouse

Allantois

AVE %
Prechordal — &
mesoderm

Endoderm N ‘
hey Node

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.39 (Part 1) Sinaver Associates, Inc
© 2003 Al rights reserved
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Gilbert Figure 11.39(2) Axis formation in the Mouse

(B) Presumptive
neural ectoderm

Prechordal
mesoderm

mesoderm

Epiblast coming
through streak

Node

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.39 (Part 2) Sinaver As
© 2003 Al rig

40 Gilbert Figure 11.40 Expression of BMP Antagonists in
the Mammalian Node

26



human/ primate

41

Animal pole Presumptive ventral
A region

Second

polar body

Presumptive
dorsal region

e O = == SO IO (N

—_— /< --------- >
Abembryonic Embryonic
pnlt‘ PO](‘
Vegetal pole Inner cell mass

Gilbert Figure 11.41
Human embryo

@ 2000 Sinauer fssociates, Inc.
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42 Gilbert Figure 11.33(1) Amnion Structure and Cell
Movements During Human Gastrulation

(A) Extraembryonic  Synctiotrophoblast
mesoderm

Bilaminar
germ disc

Primitive groove

Yolk sac
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Gilbert Figure 11.33(2) Amnion Structure and Cell
Movements During Human Gastrulation

(B) (C) ;
Amniotic 14-15 Days Primitive

cavity —= Epiblast STOOVE

", T
g :\\”":iill JJSANY
SRR 7
D o) !
F:::a’:u;‘;;.fa‘égé??ﬁfﬁ!i"lﬁi

Extraembryonic
mesoderm Mesoderm

Endoderm

DEVELOPMENTAL BIOLOGY, Seventh Edition, Figure 11.33 (Part 2) Sinaver Assocites, Inc
© 2003 Al rights reserved
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2-cell embryo

Inner
cell mass

Trophoblast

2001 Sinaucr Associates, Inc.

Two chorions

Embryo Placenta N\ _Uterus
\ ¢ T 3\ Human twinning

Embryos

Two ammons

£ 2001 Sinau
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1 AR CAGE

A 1UNGS

2 MEARTS

1 LIVER

2 GALLBLADDERS

2 SICMACHS

1 LARGE INTESTINE

1 SMALL INTESTINE

2 LEFT WIDNEYS

1 WGHT KIDNEY

1 PEIis

— L PAIR OF OVARIES
1 UTERUS

1 BLADOIR HP H

‘ Conjoined twins

L 1 VAGINA

1 URETHRA
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