MODEL REDUCTION ON WNT PATHWAY LEADS TO BIOLOGICAL ADAPTATIOW
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Complex systems are unavoidable in the field of biology. One of the ways that scientists have tried to overcome this problem is by building
overparameterized, mechanistic mathematical models. However, these models become problematic when trying to further understanding
about these systems or identify a systems macroscopic behavior. The Wnt Signaling Pathway is an example of a complex system which has
multiple models, all of which encompass different behaviors. Our goal is to look at one model of the Wnt pathway, perform model
reduction to identify combinations of phenomenological parameters and combine it with another minimal model of the Wnt pathway to
identify a new feature of the Wnt pathway—biological adaptation.
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Figure 5:This is the diagram of our new combined model. Red

lines signify parameters which are derived from the Lee et al.
model, blue lines from the Jensen et al. model and black lines
are parameters incorporated into both models.
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Figure 2: This is the graph of B-Catenin vs time due to the
Jensen et al. model of the Wnt pathway. The first graph shows
us that the concentration of B-Catenin oscillates overtime as a
result of the Wnt signal—a completely different behavior from
that observed from the Lee et al. model (Jensen et al. 2010).

FINDING ADAPTATION
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Figure 6: Graphs of B-Catenin (y-axis) vs time (x-axis) and its partner,
the destruction complex (y-axis) vs. time (x-axis) which settle into new
steady states and take upon them adaptlve features
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Figure 3: How inputs and outputs correspond to each other

to build the model manifold. Here, the blue lines

correspond to the blue surfaces on the manifold, green

paths correspond to green surfaces on the manifold, etc.
(Transtrum et al. 2015)

Goentoro, L., & Kirschner, M. W. (2009). Evidence that Fold-Change and Not Absolute Level of B-Catenin Dictates Wnt Signaling. Molecular Cell, (36), 872-884.

Jensen, P. B., Pedersen, L., Krishna, S., & Jensen, M. H. (2010). A Wnt Oscillating Model for Somitogenesis. Biophysical Journal, 98, 943-950.

Lee, E., Salic, A., Kruger, R., Heinrich, R., & Kirschner, M. W. (2003). The Roles of APC and Axis Derived from Experimental and Theoretical Analysis of the Wnt Pathway. PLoS Biology, 1(1), 116-132.

In the future, it would be interesting to attempt to experimentally find this
new adaptation by the Wnt pathway.
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