
Patterning of the neural tube



Patterning of the neural tube 
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Early events in neural induction influences the A-P axis: the early neural plate is
already specified to form different parts of the nervous system as it arises
following neural induction
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Regional specificity of neural induction Head-trunk-tail
organizer model

Early organizer: early gastrula lip
presumptive prechordal mesoderm à head organizer

Late organizer: late gastrula lip
presumptive chordal mesoderm à tail organizer

Transplantation of  small regions of the organizer at different times during
gastrulation results in induction of different parts of the neuraxis
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Xenopus

Zebrafish

Chick

Mouse

ae= anterior endoderm
PME=prechordal mesoderm
cm= chordal mesoderm
an=anterior neural plate
AVE=anterior visceral endoderm

Early Late Gastrula
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Wnt;RA;FGF
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Cerberus

expressed in
• anterior primitive endoderm
• pre-chordal mesoderm

Microinjection of cerberus mRNA into
Xenopus embryos induces ectopic heads in 
absence of trunk structures

multivalent
growth-factor
antagonist
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Dickkopf

Antagonism of Wnt and 
BMP signalling leads to 
induction of anterior
neural structures

tBR=truncated BMP receptor
dnXwnt-8=dominant negative Wnt8
(A,E,F Injection of a four cell
Xenopus embryo)

Em=endomesoderm
Cm= chordamesoderm

high conservations
among evolution

Microcephaly and cyclopia

control

Anti- dkk1
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Dickkopf

Dkk KOs lack head and brain structures anterior

to hindbrain

Similar phenotype in Dkk+/-Noggin+/- mutants
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Co-inhibition of  Wnt and BMP signals lead to 
induction of anterior neural structuresSinergy!
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The nervous system is regionally specified during
development

Lateral view

Dorsal view

time

Human embryos (Sanes)
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Human development Timeline

Pregnancy – 9 months
1st trimester 3rd trimester2nd trimester

embryonic fetal

Weeks 1-4 Weeks 5-8

Carnagie stages 1-23

Last menstrual
period

Fertilization

Week 1 Week 2 Week 3 Week 4

zygote
morula

blastocyst
implantation

gastrulation
neurogenesis
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Stage 11 – week 4

Human

Time line – comparison based on Carnagies stages

Stage 8 – week 3

Neural plate

Stage 10 – week 3

SEM
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Human Embryo Carnegie stage 22 (week 8)
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https://transparent-human-embryo.com

2017
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Great diversity in vertebrate adult brain forms
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Brain diversity in mammals
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? ? ? ?

All vertebrate embryonic brain shortly after neurulation
exhibit a very similar pattern of organization
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All vertebrate embryonic brain shortly after neurulation
exhibit a very similar pattern of organization

human rat chick zebrafish

Human: 43 dpf

Rat:14 dpf

Chick: 2.5 dpf

Zebrafish: 24hpf
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Embryonic brain archetype (Bauplan)

Neuromeres= series of embryonic segmental
units, or cellular compartments, from which
progenitors proliferate, migrate and
differentiate forming the different parts of the
vertebrate brain

Precursor cells become regionalizedà their
potential is based on their spatial position

Vertebrate 
pharyngula stage

Prosomeres
Mesomeres
Rhombomeres

By following the fate of these progenitors is possible to identify how developmental
divergence creates adult species differences…and thus clarify several homologies that
are controversial based on adult forms…



21

Hindbrain development involves the 

generation of eight neuroepithelial 

compartments or rhombomeres, 

each with a distinct identity 

according to its anteroposterior 

(A-P) position

Rhombomeres are transient, 

serially homologous structures

separated by distinct boundaries

Each rhombomer gives rise to a 

unique set of motor neurons that

control different muscle of the 

head 

Rhombomers in the developing hindbrain
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Hindbrain: region of the 
brain that coordinates motor
activity, breathing rhythms, 
and many unconscious
functions

How do rhombomers

become different

to each other?
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Hox genes are found in all animal species and have conserved role in body patterning

In most vertebrates, 39 Hox genes are distributed across four clusters (HoxA,B,C,D)

Each gene belonging to one of the 13 paralog groups (1-13) 

Each Hox gene is expressed in discrete rostrocaudal domains within the hindbrain

and spinal cord

Hox gene expression in the hindbrain and spinal cord is spatially and temporally dynamic

Hox genes control the regional identity of the hindbrain and Spinal Cord
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http://dx.doi.org/10.1016/j.neuron.2013.09.020
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In the hindbrain are expressed Hox genes

from paralog groups 1–5

Anterior expression limits correspond to 

rhombomere boundaries

Higher color intensity denotes higher

expression

Hoxa1 expression is transient

Hindbrain motor nuclei develop within

specific rhombomeres and are shown within

their rhombomeres of origin

IV, trochlear; V, trigeminal; VI, abducens; 

VII, facial; IX, glossopharyngeal; X, vagus; 

XI, accessory; XII, hypoglossal

http://dx.doi.org/10.1016/j.neuron.2013.09.020
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Mutations in Hox1–Hox3 genes result in misspecification, 

disorganization, and abnormal projections of hindbrain MNs
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àthe complete loss of PG1 gene function has deeper implications for the 
development of the embryo than the loss of the individual genes (redundancy)





Hox proteins bind AT-rich hexamer sequences through homeodomains,

which are conserved among Hox paralogs à low selectivity in their binding motif

Interaction with the TALE (three amino acid loop extension) class homeodomain

proteins Pbx and Meis enhances binding specificity to target sequences and 

allow different Hox proteins to accomplish specific functions

Due to their role as cofactors, TALE gene mutants often exhibit phenotypes similar

to Hox mutants in the CNS 

Hox proteins

cooperate with 

the Pbx and Meis
homeodomain

proteins to 

achieve

their DNA binding

specificity



r1 is a hindbrain
ground (“default”) state 

Pbx
Gene 
expression

Neuronal
types
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What control the patterned expression of Hox genes in the hindbrain?



• The initial inductive phase involves the sequential activation of genes within a Hox cluster and is

mediated by Retinoic Acid acting in a graded manner along the rostrocaudal axis

• Refinement and maintenance of Hox patterns occurs at or near the time neurons become

postmitotic through auto- and crossregulatory interactions between Hox proteins

Krox20 represses Hoxb1 in the
adjacent rhombomeres

What control the patterned expression of Hox genes in the hindbrain?

Alexander et al., 2009 Annu Rev Cell dev Biol



RA
Teratogenic

Stem cell differentiation (addition of RA to rapidly proliferating 
mouse ES cells, cultured in suspension as embryoid bodies, leads to the 
selective generation of neural progenitors with characteristics of radial glial 
cells found in the developing central nervous system)

Accutane (isotretinoin) 
a popular drug for severe acne 
introduced in the ’80s 

(Craniofacial and brain abnormalities)

Rhinn et al., Development 2012 Segmentation and patterning of the hindbrain
(RA controls gene expression
in a concentration dependent
manner)

RA + mesoderm
RA action: interplay between diffusion
(morphogen-like) gradients and the 
establishment of signalling boundaries
due to RA metabolism



Hindbrain abnormalities in animal models with altered RA signalling

animal models with endogenous

deficiency in RA signalling: 

(B) vitamin A-deficient (VAD) quail; 

(C) Raldh2–/–, as well as Rara–/–
;Rarg–/– signalling mutant mice

(lacking RARα and RARγ); 

RA-treated Xenopus embryo

Raldh2=enzyme that catalyzes RA syntesis
From retinaldehyde



In vertebrates Hox gene expression is confined to the 

hinbrain and spinal cord BUT does not extend to the 

mesencephalon and prosencephalon

…other homeobox containing gene families play a role 

in the development of these brain regions (e.g Emx, 

Dlx and Pax…)


