Robustness of the BMP morphogen gradient in
Drosophila embryonic patterning

BMP 1% 2<% B A58 B AE B i I A
B RE

2011.11.22



WERG R B 5 T

A. Inductive signaling B. Gradient signaling
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* Developmental patterning relies on
morphogen gradients, which generally
iInvolve feedback loops to buffer against
perturbations caused by fluctuations in
gene dosage and expression.
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Dpp is exceptional among morphogens
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How to explain ?

No apparent transcriptional feedback, which
might account for the robustness of dorsal
patterning, has been identified so far.

Whether robustness is achieved at the initial
activation gradient ?

To identify the mechanism underlying
robustness, we formulated a general
mathematical model of the dorsal patterning



Three reaction—diffusion equations
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Over 66,000 simulations were carried out, with each of the
nine parameters allowed to vary over four orders of magnitude.

The extent of network robustness was quantified by measuring
the shift in the threshold for all three perturbed networks.
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c:In all of the robust cases, a high
ratio (.10) was observed
d:The steady-state profile of free BMP
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e: Ratio between the diffusion coefficient of free
BMP and the complex BMP-Sog
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First, the BMP—-Sog complex has a central role, by coupling the two
processes that establish the activation gradient: BMP diffusion and
Sog degradation.

Second, restricted diffusion of free BMP enables the systemto
store excess BMP in a confined spatial domain where Sog is
largely absent.
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Scw diffusion requires Sog
Dpp diffusion requires both Sog and Tsg.

Dpp is widely diffusible in the presence of Sog but

tightly localized in its absence

Additional molecular assumptions were required :
Dpp can bind Sog only when the latter is bound to Tsg.
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