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Gap genes model

Reinitz and Sharp [1] predicted gene regulatory networks that can be responsible for the regular domains of gap
gene expression in the fruit fly, Drosophila melanogaster. They proposed networks of the form,
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Exercise 1

Application gapgenes simulates Eq. 1, with 5 regulatory genes, and even-skipped. To run it, open a terminal,
download the application from the course website, and unpack it to your home directory, e.g., by typing (the exact
text may vary, ask for help if necessary),
tar xzf ~/Downloads/gapgenes.tgz
To start the gapgenes program, type
cd Drosophila
./gapgenes
To start the integration, press CTRL-S.
An exponential gradient of Bicoid rapidly appears, for which have assumed the Synthesis-Diffusion-Degradation
(SDD) model,
∂c(x, t)
= D∇2 c(x, t) − c(x, t)
(3)
∂t
where, for simplicity, we use a boundary condition c(0, t) = s to implement synthesis.
In the standard parameter set, all elements of the genetic regulatory network T ab have been set to zero, which
is why all the gap genes have a homogeneous expression.
To fill in the values identified in [1], open a parameter edit window by pressing CTRL-E. Enter the correct
values under ”Table 1, T-matrix” (or simply read in the parameter file reinitz.xml and click the button RESET
to see the new values appear in the parameter window).
Restart the simulation and compare your results with what is reported in the Reinitz and Sharp [1] paper. Note
that you can initiate the system with random values via ∈ [0, 1] by pressing CTRL-R.
What explains the differences between your simulations and the ones reported in the paper? Do we have all the
required information to reproduce exactly what Reinitz and Sharp have reported? What information, if any, is
missing from [1]?
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Exercise 2

Let’s try to reproduce qualitatively what Reinitz and Sharp report. First, consider a system of two interacting gap
genes in a single nucleus, and ignore the effect of Bicoid for now.
2.a. Rewrite Eq. 1 for this situation: two genes A and B in one nucleus, no diffusion, no Bicoid, and ha = 0 for all
a. Choose appropriate values for the elements T ab so it correctly represents Reinitz and Sharp’s hypothesis.
Perform a phase plane analysis of the resulting system of two ODEs: What are the equilibria of the system and
what is their stability? Hint: the sigmoid function g makes the exact expressions for the isoclines extremely messy
(Mathematica returned an expression of several pages), but you can still get insight into this system if you separately
consider the situations A > B, A < B, and A = B. What is the stability of the equilibria?
2.b. Based on these insights, can you propose values for the elements T ab that will produce sharp domains of gap
gene expression? Again assume that Bicoid gradient has no effect on gene expression.
Enter your values of T ab into the parameter dialog window (CTRL-E), and start the simulation. Does it have
the expected results? Try out a range of random initial conditions (CTRL-R). What determines the equilibrium
pattern?
2.c Now, include the regulation of Bicoid into your model. Remember that the sixth column in Table 1 gives the
amount of bicoid regulation. Can you get the gap genes in the right order? (This is a bit tricky... Some hints:
play with the amount of regulation from Bicoid and the relative amounts of cross-regulation, and be inspired by
the ”simulated annealing” strategy employed in [1]). What explains the differences with what you saw in Exercise
2.b.?
2.d Next include even skipped in your model. The parameters for eve are in the last line of Table 1. What mechanism
did Reinitz and Sharp [1] propose for the regulation of even skipped?
2.e How does this system depend on the diffusion coefficients of the transcription factors? Hint: parameter df in
the computer simulation is a prefactor to the diffusion parameters.
2.f Discuss the similarities and differences of the gap gene system with a Turing pattern.
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