V[ 7.y Robustness of gene expression with respect to dosage of the Dorsal morphogen
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Modeling
Brief Summary

Background: In a developing tissue, proper placement of gene expression domains _ 01,0 . e -
determines the fate of a cell. Positional information is disseminated in the form of Pro pOSItlon 1: EFOPOSItlon 2a: PrOp(.)Sltlon 2b:
morphogen gradients across the length of a tissue. Gene expression patterns are Empl rical Scaling model of Dorsal Mechanistic model of Dorsal AnaIyS|S AppanCh

remarkably robust to a variety of factors, including dosage of the morphogen. - Step 1.We used a mechanistic model of the

Dorsal/Cactus/Toll system and simplified it to S N \”‘\“‘ o w
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Methods: In th.IS work, we investigate the r?bustness of gene expression in the d.orsal _ If Dorsal scales with dosage, the 3 capture essential features of Dorsal /(;T.\As, @ C oarameter Simzrarjcion expression CaElizl)::te
ventral (DV) axis of the precellular Drosophila embryo, with respect to perturbations , N + O\ set borders
in the d f maternally deposited morphogen Dorsal, an NF-kB homologue. We domains of sna and sog extend - = 2.5 Y | @ o @
in the dosage o maern.ay eposited morphogen Dorsal, a K gu.. or contract in 2x and 4x 2, 1 J
found that the boundaries of genes regulated by Dorsal are robust to changes in embryos. > - L S e (e semme s efihe msdl \ (57/; - 1@
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dosage .of the morphoge-n., which is paradoxical in |tself,. as by definition gen.e | | | = such as Diffusion constants “D”s and reaction Leee”” \| \‘_/ ........ c[:].[‘{
expression must be sensitive to morphogen concentration. In order to explain this - This may lead to catastrophic c 1 constants “k”s were randomly varied, and DI : J
discrepancy, we developed a mechanistic model drawing on extensive experimental consequences for the embryo. 7 5 Drofilenwas simulated intereompartmental Exchange F;::gre':
and modeling work done on the Dorsal signaling system. o . 0 . . . oDl [DCls S Begin Again! '
- Thisis not observed in 0 02 04 06 0.8 1 . 5t = folDleyelCactleyr +ka(x)— + [DCleye dx?
. - - . experiments. DV coordinate - Step 3. From the profile, sog and sna
Results: We found that, Cactus, an inhibitor of Dorsal, which is generally believed to boundaries were calculated using DI — —
be only cytoplasmic, must also be present in the nucleus. Furthermore, Toll receptors, : L 9[DCleye [DCleye 9[DC]cy, ti ti
Y _ ytop : o P ) P hi del d Iai b thresholds. If these boundaries were within =+ [DUye[Cactley, —ka(x>K+[DC]Cyt +D—— rej:ste'z as 7 acsczp'tsed
responsible for dissociating Cactus from Dorsal in the cytoplasm, must be saturated. This model does not explain robustness. certain error limits, the parameter set was ot robuct | s robUst
Also, the model overwhelmingly predicts facilitated diffusion of Dorsal by Cactus T e
complexes from dorsal to ventral regions of the embryo. In our previous work, we
have shown that these mechanisms aid in proper development in wildtype embryos.
In this work, we find that these three mechanisms are critical for robust gene
expression when dosage of dorsal is compromised. Our work highlights the need for
quantitative understanding of biophysical mechanisms of morphogen gradients in MODEL PREDICTION 1 MODEL PREDICTION 2 MODEL PREDICTION 3
order to understand emergent phenotypes, such as robustness.
Cactus shuttles DI from dorsal to ventral regions. The receptors of Toll are saturated by DI/Cact complex Total DI = (Free DI) + (Dl/Cact complex)
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- For embryos with all four dosage of DI - logyo(p)
- We imaged DI and Histone protein and sna and sog mRNA

: : - In a 100% of the robust parameter sets, the
in Drosophila Melanogaster embryos aged to NC 14 ,
(approx. 2-4 hours after egg lay), using a combination , , , concentration of Free DI decreased to zero near the
f prox. o P o ’ﬂ - The p?'rameter p 1S defined as an effective ratio of the - The Michaelis Menten constant was seen to be less lateral regions (DV coordinate ~ 05)
riuorescent in situ hybr ization/fluorescent diffusion constants of Dorsal and the Dorsal/Cactus than one for all parameter sets that were deemed
immunostaining. complex. robust.

Dorsal/Cactus complexes.
- We see that in the majority of parameter sets, that References &

were deemed robust, the value of p was greater than
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The shifts in gene expression boundaries is minimal across fly lines with
varying dosage. How does one explain that?




