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What is the
nervous system?

Input via axons from
/other neurons

4 Dendrites

S 4 / Soma
- Axon hillock
—

— = E— 7
' A§(0n Growth cone
of axon
.l/

- g g neuron
RECEPTOR

DEVELOPMENTAL BIOLOGY; Eighth Edition, Figure 12
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Gilbert 12.3 Primary neurulation: neural tube formation in
the chick embryo (Part 1)

(1a) Neural plate  \jo1al

Shap@crest

l Epidermis

(1b)
Folding

MHP/

N l\Notochord
s N1 (2)
% e

Elevation > ~

3 Gilbert 12.3 Primary neurulation: neural tube formation in
the chick embryo (Part 2)

(3)
Convergence ‘\

]

crest

4)

Closure <

l

\Epidermis
\Neural crest
cells

Neural
tube




4

Gilbert 12.2 Neurulation in a chick embryo (dorsal view)

(Part 1)
Neural plate ~ Notochord

Primitive streak

5

Gilbert 12.2 Neurulation in a chick embryo (dorsal view)
2) ; :

G

Neural folds

D) T ®

DEVELOPMENTAL BIOLOGY. Eighth Edition, Figure 12.2 Sinauer Associates, Inc.




Regionalization
versus
general neural

6

Gilbert 12.9 Early human brain developmengult derivatives

— Olfactory lobes
3 Primary vesicles 5 Secondary vesicles 1~ Hippocampus
— Cerebrum
Wall :
Cavity — Optic vesicle
4 Telencephalon — Epithalamus
. | -Thalamus
Forebrain Diencephalon "
— Hypothalamus
Midbrain —— Mesencephalon
— Midbrain
Metencephalon
Hindbrain Cerebellum
Myelencephalon ‘|:
\ Pons
i l — Medulla
Spinal cord

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 12.9 © 2006 Sinauer Associates, Inc.




7( )Gilbert 12.17 Development of the human spinal cord (Part 2)
E i

Dorsal root
ganglion

N Spinal
/ nerve

Association
neuron

Dorsal
root
Sensory
neuron
Somatic
motor
neuron
Marginal
layer Mantle Ependymal
layer layer

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 12.17 (Part 2) © 2006 Sinauer Associates, Inc.

What region of the
embryo forms the
nervous system?




Blastocoel
displaced

Archenteron

Mesoderm

relps Endoderm
Ventral lip of
blastopore g ut

' lung

Embryonic “Germ Layers”
m ryo n I c e rm aye rs i¥, Seventh Edition, Figure 20.9 Gastrulation in the Frog Embryo (Part 2)
© 2004 Sinauer Associates, Inc. and W. H. Freeman & Co.

Zebrafish Frog
9 A Epidermal

- ectoderm —

Neural
ectoderm

p P
Mouse ) Chick
A Epidermal B

ectoderm
/ Neural \
/Ctoderm\

! —Extraembryonic
P mesoderm P
Vertebrate fate maps at early gastrula stage

DEVELOPMENTATBIOLOGY, Seventh Edition, Figure 1.6 Sinauer Associates, Inc.
© 2003 All rights reserved.
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Drosophila neural fate map at early gastrula
Technau 2006

11 Fate mapping shows what cells will become

Experiment: inject non-diffusible dye,
ask what labeled area becomes

early blastula early neurula

Conclusion: labeled area is destined to
become neurons in eye and brain

hatched tadpole




12 When do cells decide on their fate?

Explant experiment: remove same relative region
culture in saline, later, assay fates

early blastula late blastula

\ Y

epidermis epidermis many neurons

Conclusion: cell fate decision is made by neurula
Also assay via transplant assays, gene expression

1 3 Induction assay for potency

Remove few cells
=P culture +/- inducers,
later, assay fates

early blastula  no inducer plus inducers

v \ 2 2 A |
T =g

epidermis *
Conclusion: muscle, neuro

Early blastula blood, pancreas
cells are multipotent




Early neural
signaling/genes

Lligh EMP activity
[terrechate SNPactvity

Lew BMIPueiviy

MNenrzl plate border regron

Stronn inhibitory sipnal

Waonk inhilatory sygread

Wilson et al, 1997
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15 DISPERSED ANIMAL CAP
BMP4
_ )\ o= saline Vst 22
\__~ st.9 RTPCR

S

UV-irradiated

4l dispersal
ngm! BMPA

Fmbryo

ln[‘..cl

NCAM Inhibition of BMP
signaling activates
XAG neural gene expression

Lipidl, ket

Wilson et al, 1997

-~ a——
Cew——
q EFla
6

A C ‘ i,,. D "
\ 2.8 A
I e B
A Chd N
| J K L
Q
BMP4 ~.  cont Chd Chd+BMP4
Xenopus SoxD is expressed from early gastrula
and in response to BMP inhibition
Mizueki et al, 1998
16
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17 A

C

C

1
| A '
| @ BD-
O i Pax6
J

. - a8 5B

on BD- con BD-
En2 Krox20
Xenopus SoxD is required for

BD-is a

dominant
negative
SoxD

expression of some early neural genes

Mizueki et al, 1998

Ectopic SoxD induces ectopic
expression of neural genes

Mizueki et al, 1998
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Thorax Abdomen

gsb en

& & msh

% & & vnd J

Neuroblast clusters Technau. 2006

Neuroblast lineages differ in different regions

Technau, 2006
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21 SoxN is expressed in the developing nervous system

RNA protein

' v Shdttdsne
e

Buescher et al 2002

22
Wt SOXNGA1192
A tr 2 vi B p
4 g. .‘ R “';o‘ - P ‘ v ‘ v
. ’. .f . 07. .;o .’" P L ] '
-‘ 0"o‘f “ o‘ .‘ R ’.:* . ’ e
C e P

SoxN required for normal neuroblast development

Buescher et al 2002
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SoxN is required for lateral and intermediate neuroblasts

Buescher et al 2002

Stage 10*
= early gastrula

Zic1 is a very early neural marker gene
Kuo et al, 1998
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NeuroD +

aemcT
c Progenitor cells/
Committed precursors Differentiating neurons
X g
f 2 SWI'SNF ﬁ%
5 - swwms [ § | Complex
c x L
2‘ - g 8 ~\'
[ Ebox | Nalon-speallc [ Evox | r 6
4 / s il

~/

Geminin is an early neural gene that inhibits differentiation

and promotes cell cycle withdrawal

Seo et al,

2006

Proneural genes
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b Ngn2

- pe

13 120 T 140 150 160 168
ERE R vl fREVeE Teeronkit FrERRRcRoREATRe TR
Helix 1 Loop

Basic doman

Helix 2

Resiouos common 10 &
noural bBHLH proteing

Resiouas common 10 3l
W Atonal-rolatod protoing

7 Rescoues speciic for each
familly of newral DHLH protaing

H Devergent rescioes

Basic helix loop helix proteins
Bertrand et al 2002

27

Proneural
bHLH gene family

" E proteins
. Atonal family
Nato family

+ Olig family

* NeuroD
family

* Neurogenin
family

8 [ tamily

nsetaBertrand et al 2002
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Origin of E-boxes

Bearded
scabrous
Espim7

Espl m8
NeuroD promoter

Mathi promoter

B3 nACAR promoter
POMC promoter
nsulin promaoter
Consensus

Binding of Binding of Binding of Binding of Ref.
Asc proteins  Ngn proteins Math proteins NeuroD

GCAGGTG 188
GCAGGTGG 155
GCAGGTGG 155
GCAGGTGG
GCAGCTGT 156
CCATATGG 104
ACAGATGG
TCAGCTGG 59
ACAGCTGA 156

GCAGATGG 187
CCATCTGC 158
CCAGGTGG/T CA-ATGG CAGCTG CA--TG

Proneural genes bind E boxes

Bertrand et al 2002

Proneural
factor E protein

reT——

Ebox | |

E-box I |

Regulation of
Ac/Sc gene targets

Da achaete

achaete

Bertrand et al 2002
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C  Maetal 1996

Expression of neurogenin, neuroD
in presumptive primary neurons of Xenopus

Figure 4. Induction of Endogenous XNeuroD Expression and Neu- Ma et al’ 1996
rogenesis by Injection of X-ngnr-1 mRNA

19



Bertrand et al 2002
32

Neuron
/ Neurogenic Neurogenic
Neuronal signals signals
progenitor a / Lateral /

/ Proneural oo « Proneural
e ‘_genes H P " genes 3
Y bl Rl ol by Q) oo T --------- 0)-=>

Neural s &—— Gliogenic \4_ Gliogenic  Adult neural
stem cell b signals signals stem cell
cia @

progenitor \

Glia

Nature Reviews | Neuroscience

Role of Notch
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| /

Deita
(ligand)

Notch
(receptor)

CSL = CBF1/SuH/Lag

AT

Notch pathway

S2
cleavage —=f

83 cleavage

Notcha/ [
Cytoplasm \E3

Nucleus
Co-R (@™ )
@ l—O>FF ON )
Default repression Notch™=-mediated Lai, 2004
by CSL target activation

-k

04

‘Mutual' inhibitory ‘Lateral’ inhiditory ~ Call fate restricted Lozz of N zignaling Gain of N signaling

gain N sig.

Drosophila loss N sig.j XenopusS loss N sig.
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fA '

i B N
Proneural Genes

Pronsural Genss
A AN

X-Delta-1 «=—— NeuroD
NeuroD.—) X-Delta-1

@1 > J— Te

e
X-Notch-1

Nauronal Differentiation
Genes

Nsuronal Diffsrentiation
Genes
-

J/ .

/

Relationship of proneural gene expression
and Notch signaling

Chitnis and Kintner, 1996

3 6 Neighbouring cell Neural progenitor Bertra nd et al 2002

g — @
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Proneural gene :
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T— (Notch 4—\Delta ._IL 7\

(Hes8, Coe2 Senseless)
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APron pegene | NeuroD
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Math2
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v

v Neuronal
differentiation

Astrocytic fate Cell-cycle
Oligodendrocytic fate arrest
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Role of inhibitors

See the “comment_on_mandel” pdf posted
with this section.

Crass | Neusowal Genes

_BE1_ r —LOHE®R
(,—_—.:i
Exprossion Level
Cycling progenitor Differentiating neuron

RE-1 Silencing Factor (REST)
(neural cell restrictive factor (NCRF))
mechanism

23



38 A

m
w

degradation

early stage

Stem cell
£6,RA Lineage
o Restricted
progenitor
Cortical Differentiated
Neuron neuron
REST downregulation during neurogenesis Ballas et al, 2006
Adult Stem y( Embryonic Stem Cell
CoREST Complex REST/NRSF
& MeCP2 leave proteosomal
* W of differentiation

late stage
Comment on Mandel, 2005 of diferentiation
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Role of asymmetric
cell division

This will be covered further in the papers you read.
| am posting a review from Wodarz that covers some of
this material. See also Gilbert, chapter 12.

Gilbert 12.15 Neural stem cells 1 the germinal epithelium

40 (Part 2

(B) Stage of ceﬁ cycle basal

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 12.15 (Part 2) © 2006 Sinauer Associates, Inc.
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41 12.16 Differentiation of the walls of the neural tube (Part 3)
Neural tube

Ventricular Intermediate Marginal
zone zone zone

Cerebral cortex

=
.. = 3 . .
) ® |
. ‘ 5 e , .
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- [ @ (] [ ]
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—— ||lll y
W_J \ v J \ ¥ J
Ventricular ~ Sub- Intermediate Cortical Marginal
zone  ventricular  zone plate Zone  \fuleonlir
zone layer
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apical
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Neuroblasts

Asymmetric neuroblast cell division/ role of epithelium

Siegrist and Doe, 2006
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(a) Metaphase (b)

Bazooka

Asymmetric gene
expression

during neuroblast
division polarize
spindle orientation

Wodarz, 2005
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