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Abstract

The remarkable advances in the field of biology in the last decade, specifically

in the areas of biochemistry, genetics, genomics, proteomics, and systems

biology, have demonstrated how critically important mathematical models

and methods are in addressing questions of vital importance for these disci-

plines. There is little doubt that the need for utilizing and developing mathe-

matical methods for biology research will only grow in the future. The rapidly

increasing demand for scientists with appropriate interdisciplinary skills and

knowledge, however, is not being reflected in the way undergraduate mathe-

matics and biology courses are structured and taught in most colleges and

universities nationwide. While a number of institutions have stepped forward

and addressed this need by creating and offering interdisciplinary courses at

the juncture of mathematics and biology, there are still many others at which
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there is little, if any, interdisciplinary interaction between the curricula. This

chapter describes an interdisciplinary course and a textbook in mathematical

biology developed collaboratively by faculty from Sweet Briar College and the

University of Virginia School of Medicine. The course and textbook are designed

to provide a bridge between the mathematical and biological sciences at the

lower undergraduate level. The course is developed for and is being taught in a

liberal arts setting at Sweet Briar College, Virginia, but some of the advanced

modules are used in a course at the University of Virginia for advanced under-

graduate and beginning graduate students. The individual modules are rela-

tively independent and can be used as stand-alone projects in conventional

mathematics and biology courses. Except for the introductory material, the

course and textbook topics are based on current biomedical research.

1. Introduction

In the last decade, the field of life sciences has undergone revolutionary
changes spanning remarkable discoveries at all levels of biological
organization—from molecules, to cells, to tissues, organs, organisms, and
populations. A salient trait of these advances is the increased need for
statistical, computational, and mathematical modeling methods. Scientific
instruments are now, by orders of magnitude, more sensitive, more specific,
and more powerful. The amounts of data collected and processed by these
new-generation instruments have increased dramatically, rendering insuffi-
cient the traditional methods of statistical data analysis. To organize this
information and arrive at a better fundamental understanding of life pro-
cesses, it is imperative that powerful conceptual tools from mathematics be
applied to the frontier problems in biology (BISTI Report, 2000).

For instance, automated DNA sequencing has given rise to data explo-
sion, and the challenge now is to extract meaningful information from these
data. The quest to better understand temporal and spatial trends in gene
expression has led to a search for DNA sequences that have been conserved
over time in a large number of different species. This is a tremendous task, as
the human genome alone is approximately 3 billion base pairs. Comparing
across species then requires comparisons of billions of sequences, over
thousands of species. The sheer size of the data sets suggests that appropriate
use of mathematical models coupled with statistical methods for data analysis
and inference will play an exceptional role in modern biology and demon-
strates that future advances in molecular biology will not be possible
without the help of mathematics.

The field of molecular systems biology has emerged as equally mathemati-
cally driven. Broadly defined, this is a field that examines how ‘‘. . . large
number of functionally diverse, and frequently multifunctional, sets of ele-
ments interact selectively and non-linearly to produce coherent behavior
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