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Expression patterns of gap genes
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Criteria for morphogen action

J Released from localized source;

U form a concentration gradient over a population of nearby
and distant cells that respond to signaling molecule in
concentration-dependent way;

U Cells in the pathway of the gradient should show two or
more qualitatively different responses;

U Over- and underexpression experiments should change
the cell fate 1n the predicted directions;

1 Morphogen action should be direct.



Phenotype of the strongly affected embryo
from a female fly deficient in the bicoid gene
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Gradient of Bicoid protein in the early
Drosophila embryo
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bicoid encodes the morphogen
responsible for head structures

Experiment: Add bicoid mRNA to embryos

Normal Development of bicoid- ~ Add to anterior Add to middle Add to posterior of
development deficient mutant end of mutant of mutant wild-type embryo

Bicoid
mRNA

_ « » » - — >
Head Tail Tail Tail Head Tail Tall Tlead Tall = Head Tail Head
Wild-type bicoid-deficient Normal ‘Head in _ Iwo heds”

phenotype phenotype: two tails development middle '
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Features used
to characterize
expression
patterns

Embryo stained for expression of
bcd, Kr and eve
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Computation of

— shifts: the

highly dynamic
pattern of gt
as an example
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Extract characteristic features of expression domain.

Calculate the average position of a given characteristic
feature over the embryos of each time class.

Compute the difference between average positions of the
feature in different time classes.
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Analysis of the Gap Gene System

Using the new dataset and the ODE model with nuclear
divisions, we ask:

How are gap gene domains maintained and refined?

Why do they move?

s Bcd a morphogen?



Gap Gene Expression

Data Model
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Constraints on the T Matrix

bcd cad hb Kr gt kni tl

Activation No Interaction Repression B Weak Constraint
(cutoff = 0.01)



Dynamic dissection:

We can look at individual parts of this sum to
‘dissect’ the various regulatory contributions
on a specific gene.

For example:

TKr>hb yKr - represents Kr's regulatory input on hb




Graphical analysis of gap gene
regulation: boundary control by activation
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Reg Contrib

Graphical analysis of gap gene regulation:

boundary control by repression
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Kr repression
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Kni repression
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Constraints on the T Matrix

bcd cad hb Kr gt kni tl

Activation No Interaction Repression B Weak Constraint
(cutoff = 0.01)



Gt and hb repression
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Cad

Jaeger, Samsonova, Reinitz et al. (2004) Genetics, in press.




Gap Gene Expression

Data Model
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Time (min)
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Spatial Dynamics: Domains of Synthesis and Decay
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Gap Domains: RNA vs Protein
Kr kni gt
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Shift in the posterior kni boundary

Kri, muc. &2 Kri, e, 22 Kri,mc. 20 3, nue, 22

(L




Shitf in the posterior boundary of the
posterior gt domain
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Constraints on the T Matrix

bcd cad hb Kr gt kni tl

Activation No Interaction Repression B Weak Constraint
(cutoff = 0.01)



dw/di

Shitf in the posterior Kr boundary
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Constraints on the T Matrix

bcd cad hb Kr gt kni tl

Activation No Interaction Repression B Weak Constraint
(cutoff = 0.01)



No shifts for the posterior boundaries
of gt and hb anterior domains

Ral . Prol. Conc.

Ral. Prol. Conc.

200
Dats & Data B
180 -- T Hb (T1)
. — Ct(TH| He (T8I
o
408 T
a =
200
Mokl Mods| 8
180
120
\
a0
=1
&
aof * \
Q ] . .
35 40 45 40 45 S0 55

A-P Position (%)

Pararmeator Value

Pararmater Valus

bbb oo
5 o5 & 8

o &
g8 B

b4

bk
Ln

3

=)

@ﬁﬁﬁ@ rate




Shift in the anterior boundary of the
posterior gt domain
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Shift in the anterior boundary of the
posterior kni domain
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Posterior Boundaries

central Kr domain

asymmetric repression by Kni
posterior kni domain

asymmetric repression by Gt

posterior gt domain
asymmetric repression by

E follows shift of
posterior boundary of posteriorl kni

posterior kni domain
follows sharpening of

posterior boundary of anterior posterior gt domain
follows shift of

posterior boundary of central Kr

Anterior Boundaries



Posterior Boundaries

no shift
strong repression by Kni

anterior gt domain
no shift
strong repression by Kr

central Kr domain
very small shift
diffusion
early insufficient repression by Gt

Anterior Boundaries



Conclusions

Proper positioning of gap gene domains requires specific regulatory
interactions between gap genes.

Positional information in early embryo is dynamic and can no longer
be seen as a static coordinate system imposed on embryo by
maternal genes.

Posterior domains shift because of regulative cross-interactions.
Anterior domains form in place under the control of maternal
positional information. Thus, a mosaic mode of development prevails
in the anterior and a regulative mode in the posterior of an embryo.

Bcd 1s a Turing morphogen, not a modern morphogen, since it does
not determine different territories of gene expression directly.
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