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Educating 21st-century science students so that they can easily traverse traditional 
biology-math-computer science disciplines presents significant challenges.  For both 
faculty and students in biology, quantitative skills are often insufficient, while for both 
faculty and students in mathematics (and computer science) biological understanding and 
insights can be limiting.  Trinity University’s 2004 HHMI grant has helped us to address this 
issue through building a minor in scientific computing that features three new math and 
computer science classes with attached investigative laboratory sections.  The labs 
provide both a training ground and a data source.  The lectures introduce students to 
mathematical concepts and build critical quantitative skills.  The courses are staffed by 
collaborating faculty in math/computer science and biology.  Students begin the minor with 
a basic computer science course and basic calculus.  They then enroll in CSCI 2121 –  
Introduction to Scientific Computing, followed by MATH 1310 –  Mathematical Models in the 
Life Sciences and MATH 3311 –  Probabilistic Models in the Life Sciences.  The minor 
culminates with a one-credit, student-generated research project that uses modeling tools.  
This project is done in conjunction with an upper-level biology course that the student 
selects from a menu of options, with the biologist teaching the course and a math faculty 
member serving as co-advisers.  Syllabi for the courses are presented along with some  
details of the MATH 3311 course.

Abstract
Trinity University’s Minor in Scientific Computing 

Course Description: The course is designed to introduce basic tools to study mathematical 
models in life sciences including their practical applications. The focus will be on 
understanding the processes, implications and results of modeling phenomena in life 
sciences in the laboratory setting. The course investigates exponential growth and logistic 
models, cooperative, competitive, and predator-prey models, harvesting models, and 
epidemiological models. The integrated laboratory experience consists of several 
experiments on model organisms such as bacteria, protists, and duckweed. In addition to 
laboratory experiments, human epidemiological data will be utilized to study epidemic 
models.

Module 1: Discrete models for a single species.
●  Laboratory experiments: duckweed, protists, and  bacteria 
●  Simple models including exponential growth and logistic models.
●  Graphical analysis.
●  Introduction to curve fitting.

Module 2: Age-structured models
●  Linear systems
●  Stability analysis
●  Laboratory experiments: plants

Module 3: Competition models of two species (4 weeks).
●  Laboratory experiments include all of the above mentioned experiments. In addition, 

human epidemiological data are used to enhance understanding of epidemic 
models.

●  Phase space, stability and linearization analysis.
●  Laboratory experiments include bacteria on model organisms, protists.

Approach within modules (with Module 1 as example)
Introduction to the problem and the principal mathematical models employed (logistical, 

Ricker model, Beverton-Holt model)
Graphical Analysis of the Models: Time Series and Cob-Web Diagrams
Conducting in-class laboratory experiments for data
Plotting the raw data and parameter estimation
Comparing the data from the laboratory and the data obtained from the mathematical 

models
Modifying the models

MATH 3310 –  Mathematical Models 
in the Life Sciences

Topics covered
●  Basic concepts of probability, with an emphasis on conditional probability and its 

applications in probabilistic modeling, especially in biology and medicine.
●  Discrete and continuous random variables along with expectation,  variance, and standard 

deviation of random variables. A number of distribution functions that appear often in 
applications is carefully studied.

●  Markov models, with emphasis on applications of discrete Markov chains in biology, 
especially in biological sequence analysis.  

●  Probabilistic models used in biological sequence comparison, are  thoroughly studied, 
combining biological data, mathematical models and algorithm design.  DNA and protein 
sequences from public databases are used to derive and evaluate probabilistic models 
used in pairwise  sequence comparison. Subtopics include global and local sequence 
alignments, scoring matrices, alignment algorithms, and evolutionary distances.

●  Other possible mathematical topics include Poisson process, branching process, and 
diffusion.

What makes this course different from a standard applied probability courses?
●  Throughout the course the emphasis is on comprehending the biological examples and 

the mathematical concepts introduced are motivated by such examples and ideas. 
●  Models are applied to problems in biology and medicine or life sciences in general.
●  The knowledge and understanding of the models and tools are used  to evaluate the 

modeling results and interpret biological significance.
●  The course includes computational labs. During the labs students  use tools based on 

modeling approaches and mathematics learned in the class to search through databases 
and compare biological sequences. They learn about a variety of tools developed in the 
field as well as about their strengths and disadvantages. 

●  Prerequisites and approach to new material throughput the course  is adjusted to the 
existing knowledge of a typical student.  For example, when introducing random 
variables, strong emphasis is put on discrete random variables since students' integration 
skills are limited to those gained during the first semester of Calculus series.

Probabilistic modeling in life sciences: discrete random variables through examples 
from biology
The negative binomial model
The employees of a firm that manufactures insulation are being tested for indications of 
asbestos in their lungs. The firm is asked to send three employees who have positive 
indications of asbestos on to a medical center for further testing.
a) If 40% of the employees have positive indications of asbestos  in their lungs, find the 
probability that ten employees must be tested to find three positives.
b) If each test costs $20, find the expected value and the variance of the total cost of 
conducting tests to locate three positives.
The hyper-geometric model
Consider a gene composed of 5 subunits.  Consider a cell with a gene composed of m, 
m≤5, mutant subunits and 5-m  normal subunits. Before the cell divides into two daughter 
cells, the gene duplicates. The corresponding gene of one of the  daughter cells is 
composed of $5$ units chosen at random from the 2m  mutant subunits and the 2(5-m)  
normal subunits. Suppose that we follow a fixed line of descent from a given gene. Let X0  
be the number of mutant subunits initially present and let Xn  n≥  1 be the number present in 
the n-th  descendant gene. Explain why Xn  is a Markov chain, list its states and find the 
transition probabilities.
The binomial random variable
In testing the lethal concentration of a chemical found in polluted water, researchers have 
determined that a certain concentration will kill 20% of the fish that are subjected to it for 24 
h. If 20 fish are placed for 24 h in the tank containing this concentration of the chemical, find 
the probability that at least 10 will survive. Find the number of fish expected to die.

Lab 1 
●  Goal: get familiar with biosequence  databases, understand what sequence database 

accessions look like (FASTA formats, etc.) and how to query databases. 
●  First, go through NCBI  (What does NCBI stand for and where is it?) 
●  Entrez  tutorial  Make sure that you understand some terminology, like, for example: 

database (what kind of databases do you know about), "tools," search engines, gene, 
annotated sequence, FASTA format. Write a list of terms that you  did not understand. 
When you are done with the tutorial, take a break at NCBI  coffee break. Then visit the 

●  Blast tutorial  Summarize what you understood about BLAST and what you did not 
understand. In which flavors does BLAST come? Take a quick look at the link below, but 
do not spend much time studying it. We will talk in a great detail similarity matrices and 
alignment scores. 

●  Blast Look at the page below, visit some of the links and make sure that you understand 
what they are; if a database, what kind of database is it, if a sequence comparison or 
analysis server, what's happening there? 

●  Bioinformatics links

Lab 2 
●  Here are some links to information on myosin, a protein in muscles. Read the info about 

the gene and retrieve the identifiers and the sequence. 
●  Wiki on myosin
●  Myosin Find the top hits for this gene in several different species and  then use t-coffee or 

ClustalW  to do a multiple alignment. 
●  Clustalw: multiple sequence alignments
●  t-coffee server Write a summary of your findings, including the biological implications and 

print outs of your work. 

Lab 3 
●  Align and compare the myosin gene in different species that you found in the previous 

lab. Add genes from more distant species if you already haven't!  Do local and global 
aligmments  and compare the results. Use different scoring matrices (PAM and BLOSUM 
with different numbers) and gap penalities  and compare the outputs. Use different 
alignemnt  tools and and  compare the outputs. Write a summary of your findings, 
including the biological implications and print outs of your work. Below are links to the two 
sequence comparison servers which are based on slower algorithm which guarantees to 
find an optimal alignment. 

●  Needle: Needleman-Wunsch  global alignment
●  Water: Smith-Waterman local alignment
●  Pairwise  Alignment and Database Searching
●  LALIGN/PLALIGN find internal duplications by calculating non-intersecting local 

alignments of protein or DNA
●  Clustalw: multiple sequence alignments
●  t-coffee server 

Students taking the course include students in scientific computation minor as well as 
biology, neuroscience, chemistry and math majors.

Examples positive comments from course evaluations
●  Teaches you to think mathematically.
●  With a little more bio or neuroscience, this course could be one  of the most interesting at 

Trinity.
●  Great course! I loved the applications to life sciences!
●  Very helpful for math-majors that want to continue taking probability classes. Also helpful 

for students in natural sciences.
●  Because of this course I gained a lot of probability knowledge and strong foundations.
●  If you enjoy math and you love natural sciences you should take this course.  
Only one concern expressed on course evaluations:
●  Students who came with the only the required prerequisite (1st  semester Calculus) felt the 

course should not be available to students taking more advanced probability courses. 
They found it unfair that math majors in the class dominated the  curve.
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Analyses and student data from the teaching lab

E. coli  growth

Interspecific  competition

Intraspecific  competition

Students (math and biology) meet weekly for laboratory, setting up and monitoring growth and competition experiments.  The data are used in modelling.

2. r = 2.6, K = 0.081
Stable 4-point Cycle Appears
f :=
p ->p*exp(2.6*(1-12.5*p)): 

cobweb(f, .022, 150, .15);

1. r = 0.4, K = 0.081

A stable positive equilibrium point

f := p -> p*exp(0.4*(1-12.5*p)):  
cobweb(f, .022, 150);

3.  r = 2.8, K = 0.081
Chaos region

f := p -> p*exp(2.8*(1-12.5*p)): 
cobweb(f, .022, 300, 0.2);
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http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/information3.html
http://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html
http://sapiens.wustl.edu/~zkan/home/bioinformatics.html
http://en.wikipedia.org/wiki/Myosin
http://www.rpi.edu/dept/bcbp/molbiochem/MBWeb/mb2/part1/myosin.htm
http://bioweb.pasteur.fr/seqanal/interfaces/clustalw-simple.html
http://bioweb.pasteur.fr/seqanal/interfaces/clustalw-simple.html
http://www.ch.embnet.org/software/TCoffee.html
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