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In 1952, Turing proposed a mathematical model of morphogenesis. The spatial structures formed by 
the simple chemical mechanism he suggested are known as “Turing patterns”. 
 
The effect of diffusion on a chemical concentration c(x,t) at the spatial point x and at time t is 
described by the diffusion equation ∂c/∂t = D.Δc where Δ is the laplacian operator. This equation 
depicts the diffusion of molecules from highly concentrated regions towards lower concentrated 
regions, with a current proportional to the gradient of concentration. The coefficient D is called the 
Diffusion coefficient. In reaction-diffusion systems, we add a reaction term, purely local, f[c(x,t)]. 
Therefore, the equation becomes ∂c/∂t = D Δc +f(c) (see figure 1A and 1B below). Such equations are 
used to model very diverse phenomenon, from wave propagation in cardiac tissues and neuronal 
networks to epidemical spreading and galaxy formation. 
The subject here concerns the analysis of a Turing mechanism in the formation of murine palate. 
Please read the article “Periodic stripe formation by a Turing mechanism operating at growth zones 
in the mammalian palate”, Economou et al., Nature Genetics 2011, and answer the questions below. 

 
 
 
Figure 1 

 
 



Question 1: The major technique used in the article is in situ hybridization. Explain the principle of 

this technique. 

Question 2: can we use in situ hybridization for live cell imaging? Why? What technique do you know 

that allows live cell imaging for proteins? For mRNAs? For DNA?  

Question 3: Briefly explain the properties and the mechanisms of pattern formation for a reaction-

diffusion system, compared to lateral-inhibition mechanism. 

Question 4: In figure 1 of the paper, explain the mechanisms of new rugal stripes formation on a 

growing domain. Why is it consistent with both reaction-diffusion and lateral-inhibition systems? 

Question 5: What experiment allows the authors to rule out a potential lateral-inhibition 

mechanism? Why? 

Question 6: To initiate a recombination event in developing palate, the author generated mice 

expressing Cre under the regulation of the keratin-14  (K14) promoter. K14 expression has been 

extensively described in the hair and in the skin, and its promoter element widely used for 

ectodermal expression. In the first branchial arch, K14 is expressed in the oral ectoderm and in the 

tooth ectoderm. This domain overlaps with that of Shh in the developing teeth and palate. This 

technique allowed them to develop a conditional knockout mutant for shh. Explain the principle of 

Cre-Lox recombinase system. What is a conditional knockout? How did the author generate a 

conditional knockout for shh? 

Question 7: which novel techniques in genome editing do you know that are useful for the 

generation of knockout mutant? Briefly describe these techniques (at least one).  

Question 8: In figure 2h and 2i, the authors model the rugal stripe formation using the set of non-

dimensionalized equations: 
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Explain the different terms of the equation. Which genetic pathways seem to be implicated? what is 

the activator? what is the inhibitor? 

Question 9 (bonus): The conditional knockout of Shh as well as the double null mutant Spry1-/- ; Spry2-

/- lead to highly disorganized rugae (Fig3), suggesting that the system is close to a stripe-spot 

transition. On a 2D domain, what kind of spatial solutions in x and y should you search for, to be 

placed in the parameter space close to the stripe-spot transition? 


