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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 1

What is a Dot Plot?
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Humans are very good at identifying patterns visually, so one of the first ways that DNA sequences were compared was with a dot plot.  The dot plot in Figure 1 compares the finished and draft sequences of human chromosome 7.  The vertical axis represents 500,000 bases of the finished sequence, listed from bottom to top, and the horizontal axis represents 500,000 bases of the draft sequence, listed from left to right. Think of the rectangular area enclosed by the two axes as a matrix of 500,0002 = 2.5(1011 invisible dots, one for each combination of a base from each axis.  A dot is defined by its coordinates, and colored black to indicate similarity between the two sequences.  To explore how this process works, we will use a simple example comparing two DNA sequences that are only 15 bases long: Seq1=AGGACTGTGATCTGT and Seq2=CTCTGTGAGTCTTAT. 

The simplest way to create a dot plot would be to compare one letter at a time, defining similarity as base identity.  Using this method, if the 7th base in Seq1 is identical to the 5th base in Seq2, then dot (7,5) is colored black.  If they are different bases, the dot (7,5) is left invisible.   In the grid below, make a simple dot plot to compare Seq1 and Seq2. 

Questions
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1. What is the problem with the simple dot plot you made in the grid above?  What would Figure 1 look like using this approach?

[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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2. Develop a better way of making a dot plot, so that significant regions of similarity are easily visible, as in Figure 1.  (Hint: consider using a sliding window.)
3. Suppose that two sequences are identical except that a segment is inverted in one sequence, relative to the other.  Explain how such an inversion would be displayed in a dot plot.

4. Suppose that two sequences are identical except that a segment is deleted from the middle of one sequence and not from the other. Explain how such a deletion would be displayed in a dot plot.

5. What would be the value in using a dot plot to compare a sequence to a second sequence, as well as the reverse complement of that second sequence?

6. What would be the value in using the exact same sequence on both the horizontal and vertical axes?  Sketch dot plots that illustrate your answer.
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7. What would be the value in using a dot plot to compare a sequence to its own reverse complement? 
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Figure � SEQ Figure \* ARABIC �1�: Dot Plot comparing draft and finished sequences of human chromosome 7








