
Introduction 
 
 Natural selection follows from three fundamental processes – mutation, 
competition, and selection; mutation creates novel phenotypes, and competition 
and selection determine their fate. This process is common to all evolving 
populations, but the details differ. For example, mutation rates can differ even 
among different populations of the same species, which might contribute to 
different probabilities of evolutionary success. In fact, mutation rates are not 
constant even within the same organism in different environmental contexts. In a 
phenomenon known as stress-induced mutagenesis, stressed populations can 
express error-prone DNA polymerases that increase their mutation rate. While this 
strategy endangers the genetic integrity of organisms, it may provide a benefit by 
facilitating production of rare genotypes with increased reproductive potential. 
Determining the balance of these factors will allow us to answer important 
evolutionary questions: How can organisms with high mutation rates maintain their 
long-term viability after adapting to a novel environment? Won't these clones have 
accumulated more deleterious mutations than others in the population? 
 Researchers are discovering how important dynamic mutability is in the 
development of antibiotic resistance and the success of cancerous cells. It is 
becoming increasingly apparent that traditional medicine cannot keep pace with 
the rapid evolution of pathogens. A better understanding of the mechanisms of 
stress-induced mutagenesis and its effect on population evolution may open new 
frontiers for understanding and intervening in disease. 
 

Scope and Goals of the Project 
 
 My research will focus on stress-induced mutagenesis involving DNA 
double-strand break (DSB) repair. When a DSB occurs in the context of two key 
environmentally-induced stress responses, a specialized DNA polymerase – PolIV, 
encoded by the dinB gene, is used to repair the damage. PolIV is error-prone, often 
causing mutations at the DSB. The link between PolIV mutagenesis and stress 
predicts that organisms finding themselves maladapted to an environment will 
become more 'evolvable' – and may increase their chance of generating beneficial 
mutations. 
 I will begin my experiment by evolving replicate populations of two strains 
of Eschericia coli that differ only in their ability to produce the PolIV polymerase. 
The goal of the project is to test my hypothesis that PolIV will increase the 
production of beneficial mutations when populations are subject to stress. To test 
this, I will use a 'marker divergence assay' to estimate the effects of PolIV on the 
evolvability of strains in stress free and in stressful environments. To do this, I will 
introduce a neutral marker into both the PolIV+ and the PolIV- strains. Each 
original strain will then be mixed with its derivative containing the neutral marker 
and evolved for 500 generations. During the course of the experiment, I will track 
changes in the ratio of the neutral marker and compare these dynamics to computer 
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simulations of the same experimental design, but where the underlying 
evolutionary parameters are known. In this way, the beneficial mutation rate and 
effect size of each strain in each environment can be determined and compared. 
My results should reveal much about the evolutionary significance and genetic 
basis of stress-induced mutagenesis. 

Tim Cooper� 1/23/14 12:18 PM
Comment [8]: Clear progression of 
experimental steps (how will the hypothesis be 
tested), finishing at results that will be used to 
test the prediction. 


