Drosophila embryo




The early development of the drosophila
embryo occurs in a syncytium

Early syncytium :
. cycle-1 to cycle-8 (~ 70 mn)
. No transcription

Syncytial blastoderm :

. cycle-9 to cycle-13 (~ 70 mn)
. Transcription of the zygotic
genome

Cellular blastoderm :
. cycle-14 (> 60 mn)
. Cellularisation

N Dostatni, Curie




The bicoid gradient
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Wild-type cuticle patterns

(B)

Bicoid mutant

Driever, Nusslein-Vollhardt, Cell (1988)
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Source-Diffusion-Decay

SDD equation

du=d_u-u,
1 XX

t=0.2, 0.4, ..., 2. infty(black)

SDD equation

d‘u = duu -u, time lp(x): u(lp(x).x):.‘) exp(-x)
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Precision measurements of the bicoid gradient dynamics
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Gradients and the french flag model

Concentration or activity

- How are morphogens gradually distributed in a field of cells ?

‘ - How are morphogens able to differentially express target genes
\ at different thresholds ?

Distance to the source



Drosophila : embryonic dorso-ventral patterning

Ventral patterning (activation)
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Drosophila embryonic A-P segmentation
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Gap gene functional interactions in the embryo central region

Jaeger J et al. Genetics 2004;167:1721-1737
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Mutual repression between Hb and Kni.

‘ kni

kni

*

sna:kni * sna:hb

D. E. Clyde,..., S. Small Nature 426, 849-853 (2003)



Gap gene functional interactions in the embryo central region

Jaeger J et al. Genetics 2004;167:1721-1737
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General features: .

-activation by bcd and cad
(gradients) .
-auto-activation

. 3) 3
-strong mutual repression of . .

Hb/Kni and Gt/Kr Bed Cad



Pair-rule gene stripes are specified one by one : the eve case.

3 enhancers for single stripes 1, 2, 5
2 enhancers for pairs of stripe 3+7, 4+6

>

Expression

Anterior Posterior —»

o Bty egion Mutations :

eve2
B
S enhancer

AATATAACCC AATAATTTGA AGTAACTGGC AGGAGCGAGG TATCCTTCCT

bedl-kr +
bcd?2 sites

GGTTACCCGG TACTGCATAA CAATGGAACC CGAACCGTAA CTGGGACAGA

kr5
TCGAAAAGCT GGCCTGGTTT CTCGCTGTGT GTGCCGTGTT AATCCGTTTG
gt3 bcd5
CCATCAGCGA GATTATTAGT CAATTGCAGT TGCAGCGTTT CGCTTTCGTC
bcd4

gt2
CTCGTTTCAC TTTCGAGTTA GACTTTATTG CAGCATCTTG AACAATCGTC

GCAGTTTGGT AACACGCTGT GCCATACTTC ATTTAGACGG AATCGAGGGA

gtl+gt2+
gt3 sites

[reem— = KR
CCCTGGACTA _TAATCGCACA ACGAGACCGG GTTGCGAAGT CAGGGCATTC
bcd3

CGCCGATCTA GCCATCGCCA TCTTCTGCGG GCGTTTGTTT GTTTGTTTGC

TGGGATTAGC CAAGGGCTTG ACTTGGAATC CAATCCCGAT CCCTAGCCCG
becd2 t1

. = LT
ATCCCAATCC CAATCCCAAT CCCTTGTCCT TTTCATTAGA AAGTCATAAA
hb3

—_— _bedl/kr3
AACACATAAT AATGATGTCG AAGGGATTAG GGGCGCGCAG GTCCAGGCAA

kr2
CGCAATTAAC GGACTAGCGA ACTGGGITAT TTTTTTGCGC CGACTTAGCC
hb2
krl
CTGATCCGCG AGCTTAACCC GTTTTGAGCC GGGCAGCAGG TAGTTGTGGG

TGGACCCCAC_GATTTTTTTG

D Stajonevic, S. Small, M Levine, Science (1991)



Segmentation 1n a dynamic gradient :
somite formation in vertebrates

Mouse embryo Zebrafish embryo
— ;' - j"")' ] N —y

Y Saga, Nat Rev Gen (2001)



Somitogenesis and oscillations

Cooke & Zeeman (1976) -> Palmeirim et al (1997)

Formed somites
Oscillations halted

Anterior PSM
Oscillations slowing

Posterior PSM
Oscillations at
maximum speed

J Lewis, J Biology (2009)



Somitogenesis : a transition from oscillation
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Segmentation 1s an ancient invention




The nematode C elegans
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Gradient and cell-interaction :
the development of the
Celegans vulva.

P Sternberg, Wormbook
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Interactions between cells

Cell 1 Cell 2

dB/dt = yA, By + - --

The Notch-Delta pathway
(a wikipedia view)



Lateral inhibition and symmetry-breaking
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A detailed model

A Sequential induction

Anchor Cell
M Inductive Signaling:
EGF/MAPK

Lateral Signaling: Deltas/Notch
P3p P4p P5p P6p P7p P8p

Morphogenetic induction
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The End



