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Abstract By directed evolution in the laboratory, we previously generated populations of 
Escherichia coli that exhibit a complex new phenotype, extreme resistance to ionizing radiation (IR). 
The molecular basis of this extremophile phenotype, involving strain isolates with a 3-4 order of 
magnitude increase in IR resistance at 3000 Gy, is now addressed. Of 69 mutations identified in one 
of our most highly adapted isolates, functional experiments demonstrate that the IR resistance 
phenotype is almost entirely accounted for by only three of these nucleotide changes, in the DNA 
metabolism genes recA, dnaB, and yfjK. Four additional genetic changes make small but 
measurable contributions. Whereas multiple contributions to IR resistance are evident in this study, 
our results highlight a particular adaptation mechanism not adequately considered in studies to 
date: Genetic innovations involving pre-existing DNA repair functions can play a predominant role 
in the acquisition of an IR resistance phenotype.
DOI: 10.7554/eLife.01322.001

Introduction
Ionizing radiation (IR) is encountered humans in the form of medical X-rays and tumor irradiation, and 
very rarely in the context of nuclear power plant malfunction. The study of organisms with extreme 
resistance to IR has received increasing attention as a potential source of mechanistic insights that 
might permit the modulation of IR resistance in cells. Deinococcus radiodurans, which can absorb IR 
doses in excess of 5 kGy without lethality (over 1000 times the lethal dose for humans), has become a 
key model organism for understanding this phenotype (Cox and Battista, 2005, Blasius et al., 2008). 
Mainly through the formation of reactive oxygen species (ROS), IR can lead to the damage of protein, 
DNA, and all other cellular macromolecules (Sonntag Cv, 2005). Ongoing research into the molecular 
basis of extreme IR resistance has suggested three potential classes of mechanisms. These are (A) a 
condensed nucleoid structure, which could potentially facilitate DNA repair processes (Zimmerman 
and Battista, 2005, Levin-Zaidman et al., 2003), (B) an enhanced capacity for amelioration of protein 
damage, which could protect DNA repair systems and make them more readily available following 
irradiation (Daly, 2012, Daly, 2009), and (C) potential specialized pathways for DNA repair (Zahradka 
et al., 2006, Cox and Battista, 2005).
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