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Connections between Mathematics & Biology
Biomathematics Problems

by

Laurie J. Heyer, A. Malcolm Campbell and W. Lance Harden

Most of these problems were taken from Math Minutes, written by Heyer and Campbell for their genomics textbook. The book’s website (http://wps.aw.com/bc_campbell_genomics_2/) provides many free electronic files that facilitate answering some of the questions. 

Biomathematics Problem 4

How do you model population diversity?
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After eleven days of diatom sampling, investigators were able to genotype 607 cells, many of which had unique genotypes.  What if the investigators had been able to genotype 1,000 times as many cells? Would they have found 1,000 times as many unique genotypes?  Probably not. With continued sampling, a growing percentage of cells would have a previously sampled genotype.  Since every cell in the diatom population cannot be sampled and genotyped, we must rely on sampling methods and mathematical tools to model population diversity.  In this Biomathematics Problem, we explore how to use sample data to estimate the number of unique genotypes in the population, and predict the number of genotypes we should see once, twice, three times, and so on, in a sample of 607 cells. The figure shows the expected and observed numbers of genotypes that appear k times in our sample, for k between 1 and 7.  

Questions

1. How many unique genotypes are in the population? 

2. How could the investigators determine the number of expected genotypes and their frequencies? 

3. Create a simulation using the number you calculated for the question above. Using your simulation, repeat the sampling 10 times, and record the average number of genotypes occurring k times, for k between 1 and 5.  

4. Would there be any value to increasing the number of repetitions to 100?  To 1000 repetitions? 

5. Based on your simulation, how many genotypes do you expect to observe 4 and 5 times?   
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[image: image4.jpg]TABLE 4.2 « Data showing fold change (experimental + control) in mRNA production
for 12 hypothetical genes (C - N).

Name 0 hours 2 hours 4 hours 6 hours 8 hours 10 hours
gene C 1 8 12 16 12 8
gene D 1 3 4 4 3 2!
gene E 1 4 8 8 8 8
gene F 1 1 1 025 025 01
gene G 1 2 3 4 3 2
gene H 1 05 033 025 033 05
gene T 1 4 8 4 1 05
gene ] 1 2; 1 2 1 2
gene K 1 1 1 1 3 3
gene L 1 2 3 4 3 2
gene M 1 033 025 025 033 05
gene N 1 0.125 0.0833 0.0625 0.0833 0.125
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