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(mkn+m) - (mn+mk) = eeee
eeee= 0 no interaction

e e e e > 0 alleviation

e e e e < 0 reinforcement
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mean eeee = 0.021, median = 0.015

epistasis is positive (alleviating)
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Jasnos & Korona (2007) Nat Genet 39:550
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Four stressful environments:

- poor medium (synthesis of aa and nucleotides)

- high temperature (protein destabilization)

- saline (osmotic and ionic stress) 

- caffeine (deregulation of signalling pathways)
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Conversion of maximum growth rate (A) to relative growth rate (B) 
shows that deletions are less deleterious under stress !!

�'�H�O�H�W�L�R�Q�V�'�H�O�H�W�L�R�Q�V�¥�¥�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���V�W�U�H�V�V�H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���V�W�U�H�V�V

wild types

single deletions

Jasnos et al. (2008) Genetics 178:2105-2111.



Alleviation of deleterious mutations by stress was reported for 
bacteria (Kishony & Leibler 2003) but it apparently contradicts 
our results with random mutations.

Explanation:

- deletions mean complete loss of protein

- in contrast, point mutations cause destabilization of 
proteins and stress further further destabilizes structure 
enlarging functional damage
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Several important characteristics of engineered deletions closely 
match those of random point mutations

Population genetics should use resuts obtained with systematic 
collections of mutants even though they are „not natural”

Differences are often easily interpretable in terms of complete 
versus incomplete loss of function

Most importantly, systematic study of mutants promises 
explanation instead of description ...

�&�R�Q�F�O�X�V�L�R�Q�V�&�R�Q�F�O�X�V�L�R�Q�V



�&�R�Q�F�O�X�V�L�R�Q�V�&�R�Q�F�O�X�V�L�R�Q�V

Some clarifications have already emerged:

- bimodality of deleterious effects is functionally universal

- loss-of-function mutations are rarely advantageous

- epistatic efects are predominantly positive/alleviating

- it can be the molecular basis of a mutation that determines 
whether stress strengthens or weakens its effect
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