
Math 605, Fall 2011.

Final Project description and instructions.

Project description: You are to find a model from the biological (loosely defined) liter-
ature that is of interest to you. Journals you may consider perusing are Science, PNAS,
PloS Biology, and Journal of Computational Physics. You could also find different interest-
ing models in text books, such as Linda Allens’ Stochastic Processes: with Applicaitons to
Biology. Of course, probably the best method of search in the modern age is to

a. First come up with a loose subject area of interest (suggested topics are below).

b. Google it and find a bunch of material and find a favorite primary source and really begin
there.

c. Eventually track down any other references (if necessary).

d. Talk to me throughout this process!

Suggested topics include:

1. Genetic models.

(a) More complicated and realistic models for phylogenetic distance. (A good starting
reference would be Elizabeth S. Allman and John A. Rhodes, Mathematical Models
in Biology: An Introduction, Cambridge University Press, 2004.) You would need
to investigate other models for base substitution in DNA (i.e. mutations).

(b) A thorough investigation of the Wright-Fischer model, including natural general-
izations.

(c) The Hardy-Weinberg equilibrium: where does it come from, where is it used?

2. Linguistics and the evolution of language using a Markov model.

3. Gene regulatory networks (lots here).

(a) Roles of positive and negative feedback.

(b) Networks of genes and building oscillators.

(c) Discrete time vs. continuous time models: are there large differences in qualitative
behavior?

(d) Models with bursts (one mRNA produces many proteins at once, this model
is becoming quite common). What are the differences between this model and
standard one? Could it effect positive/negative feedback?

4. Other chemical processes: i.e. phosphorylation cycles. Hundreds of models in litera-
ture.
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5. Stochastic vs. deterministic models: you could find a model in literature modeled one
way, consider changing the model and see if there is a large difference. For example,
some stochastic models may show oscillations whereas the corresponding deterministic
model may not.

6. Population models: predator-prey, SIR and natural extensions. A numerical study
perhaps?

Content of project: The content of the project will change from student to student. I
would expect, however, each student to investigate the model and report what is known
according to their primary source(s). Investigating the model numerically would also be
expected (you will talk with me if you feel this would not fit your project). Rederiving
numerical results from the literature is possible. Doing something new would be exceptional
(though possible!).

What to turn in: At the end, I would like a cleanly written project. If you know how
to use latex, then that would be preferred. Otherwise, you will need to typeset the project
using something else (like Microsoft word).

Due date: The project will be due by 12pm on Wednesday, December 21st. Note, however,
that you can turn in the assignment starting Wednesday, December 14th (our last meeting
time).
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