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LEGO embryo - where are we? Fine-grained patterns

Fertilisation

L Symmetry breaking
Zygote

Maternal-to-Zygotic
transition

Early patterning
A-P axis

Morphogenesis:
Gastrulation and folding

2 D-V and L-R axes



Today’s menu

o Lateral inhibition

e Paracrine and Juxtacrine signalling
 Receptor Tyrosine Kinase pathway
e Delta Notch pathway

e Equivalence groups

 \Worm vulva

* Neurogenesis In insects and vertebrates

e Pulling forces in Delta-Notch signalling
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Position first, or position second?

Two ways of making a pattern

cells are assigned distinct
characters according to

their position
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Signal transduction and intracellular pathways
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Development of the vulva in C. elegans

Early L3

Late L3




Development of the vulva in C. elegans
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Time

Development of the vulva in C. elegans

@ Anchor Cell

P3. P4. P5.p P6.p P7. P8.p
Vulval Precursor Cells (VPCs)

L3

L3 Molt

9 wormbook.org



Sulston an

Equwalence group - ablation of Pn.p cells

--------------------------------------------------------------------------------------------------

. Anchor Cell

wild-type

P3. P4. P5.p Pé6. P7. P8.p
Vulval Precursor Cells (VPCs)

. wild-type

_______ S S
P3.p P8.p
3° 3°
P3.p P8.p

(

d White, 1980; Kimble, 1981; Sternberg and Horvitz, 1986
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http://wormbook.org/chapters/www_vulvaldev/vulvaldev.html#bib132
http://wormbook.org/chapters/www_vulvaldev/vulvaldev.html#bib82
http://wormbook.org/chapters/www_vulvaldev/vulvaldev.html#bib127

Equivalence group - anchor cell and mutant classes

--------------------------------------------------------------------------------------------------
L d

Anchor Cell
wild-type o
P3.p P4.p P5.p P6. P7. P8.p

Vulval Precursor Cells (VPCs)

wild-type

wild-type, gonad-ablated °
30 30 _30 30 30 30
Mutant
lin-3 Vulvaless
let-23 3° 3° 3° 3° 3°

Mutant
lin-15

Multivulva, gonad-ablated



lin-15 reveals a global inhibitory signal

Mutant
lin-15

Multivulva, gonad-ablated
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lin-3 and induction

PR e e e e e R

' Anchor Cell

. p3. P4. P5.p P6. P7. P8.p |
E Vulval Precursor Cells (VPCs) :

wild-type

wild-type
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~
--------------------------------------------------------------------------------------------------

lin-3(rf)
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Let-23 and induction

. P3.p P4.p P5.p P6.p P7.p P8.p

Vulval Precursor Cells (VPCs)

wild-type

mosaic: P6.p+ P5.p - P7.p-

+/+ -/~ +/+
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The Receptor Tyrosine Kinase signalling pathway

signal cell

membrane
é receptor Raf
I
Also: EGF, FGF, NGF, c-Kit...
Ras _’
tyrosine MAPKK
kinase
domain Grb O @
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lin-12 in the Pn.p cells

-----------------------------------------------------------------------------------------------------
4 ~

Anchor Cell
wild-type O
P3. P4. P5.p P6. P7. P8.p

Vulval Precursor Cells (VPCs)

wild-type
3° 3°

.
------------------------------------------------------------------------------------------------------

lin-12 mutant
3° 3°

lin-12 gof
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The Notch signalling pathway

Notch inactive Notch bound to ligand

glycosylation {

Ligand
(e.q. Delta)

voch LIN-12 | | LAG-1

Notch
intracellular
domain

(leavage and
release of Notch
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co-activator

Nucleus co-activator
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Inhibition, iInduction, and lateral inhibition

anchorceH
inductive inductive
signal signal (LIN-3)

LET 23

-<<-->>-
Iqteral
inhibitory signal LIN- 12

hypodermis




Summary

e Pattern with a single cell resolution
e Short range induction - paracrine
e Cell-cell inhibition - juxtacrine

e Pattern set by interplay between
local induction and lateral inhibition

* Equivalence group (commitment group) ablation
and genetics
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Questions?

0-0-Q-Q




Take a break
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Neuroectoderm makes neural precursors
(neuroblasts, 2D epithelial sheet)

Drosophila

Mouse

entral ventral midline

neuroectoderm

Neural plate

N~ Z
N

Neurulation

neural

precursors
O
o O

Neural tube
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Proneural clusters in every segment

achaete gene expression
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5-7 cells in each proneural cluster

25 Skeath et al., 1992



(B)

® And so on and so forth

(A)  Cytoplasmic polarity
(maternal effect)

Gap genes

Pair-rule genes

Segment polarity
genes

DEVELOPMENTAL BIOLOGY 11e, Figure 9.7 (Part 1)
© 2016 Sinauer Associates, Inc. WI " be baCk in Week 1 3



Proneural clusters in every segment

achaete gene expression
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5-7 cells in each proneural cluster

27 Skeath et al., 1992



Proneural clusters resolve into single neuroblasts

hemi-segment

’ neuroectoderm
Ventral ventral midline

engrailed
engrailed
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Delamination of the neuroblast

Delamination of Localization of Orientation of the Asymmetric

embryonic neuroblast determinants mitotic spindle cell division

Apical Neuroectoderm
> A & AN 4 A
Basal N
O I neuroblast

B Bazooka
B Insc/Pins

I Numb/Prospero/Miranda

ganglion
mother
cell
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Five waves of neuroblast specification

30 cells per hemisegment

i I (O S1 (stages late 8 -
early 9)

O S2 (stage 9)

O S3 (stage early 10)
O S4 (stage 11)

O S5 (stage late 11)

30 Berger et al., 2001



Neurogenic mutants make too many neurons
Little ectoderm left behind

Notch mutant

Lake et al., 2009
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Notch signalling and lateral inhibition in 2D

Proneural cluster Lateral inhibition Neuronal precursor
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Neurogenic mutants make too many neurons
Little ectoderm left behind

Notch mutant

In which cell type is Notch required?
The delaminating neuroblast, the cells that remain in the neuroectoderm, both?
How would you test this?

Lake et al., 2009
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Neuronal precursor specification in the
vertebrate CNS

At first, contiguous neural plate cells express
neurogenin, Delta, and Notch

With time, one cell expresses more Delta,
develops into a neuroblast, and inhibits the
neighboring cells from following a neural fate

neurogenin
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Delta & Notch mutants cause too many neurons
neurogenic

Neural tube

di Adx2

. sensory

motor

Appel et al., 2001
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Notch singling requires three proteolytic cleavages

@ - S1 in Golgi
\Transendocytosis

on surface after Delta binding (ADAM)

Actin

= Polymerization - - - -
g S S3 in membrane after Delta internalisation
(vy-secretase)

Clathrin

8
E 4
Q =P Dynamin‘

f“' Dynamin, epsin and clathrin mutants
oS e block Delta-Notch signalling
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Y-Secretase
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38 Meloty-Capella et al., 2012
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Notch cleavage at ~ 5 pN pulling force
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Model for force-dependent Notch signalling

SIGNAL SENDING CELL

mechanosensor Force
LIGAND LNR

" ADAM LNR ' ‘ P
metalloprotease

A ey

HD '\ S2 site

Not!h activation ﬂ Pt 6 i HD |
SIGNAL RECEIVING CELL /']"I'\

Proteolysis

y eoic Proteolysié‘

Is the Notch pathway a mechanosensor?
When is a chemical signal a mechanical signal?
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Summary

e Selection of a single cell from a 2D sheet
e Delta-Notch signalling in equivalence group
 Force dependent Notch cleavage

e Pattern set by interplay between induction and
lateral inhibition

e Patterning, selection, delamination, asymmetric cell
division

* Positional negotiation
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Questions?

0-0-Q-Q




