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Mutation, mechanism, selection and evolution
Natural selection 101

Pre-existing variation

Differential 
reproductive success

Phenotypes differences 
are heritable
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1. Extinction of resistant mutants 
from a bacterial population, 
‘fitness costs’ of resistance

2. The impact of different drug 
exposures/concentrations on the 
evolution of AMR

3. Genetics of AMR in 
relation to selection 
environments



Sub-lethal drug environments: Facilitators 
of AMR evolution

Kleina et al. PNAS 2018

Source: CDC, USA

Source: Trafalgar Scientific



Evolutionary trajectories to resistance differ 
at low and high drug pressures



Many flavours of adaptation to antibiotics

Resistance Tolerance Persistence

Brauner et al., Nat. Rev. Microbiol. (2016)

Matange et al., Genetics (2019)

Antibiotic-induced phenotypic changes

Trampari et al., Biofilms and 
Microbiomes (2021)

Xu and Yan, Antibiotics (2015)



Modes of adaptation

Strength of selection

Molecular mechanisms

?
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Trimethoprim-resistance in E. coli is preceded by 
trimethoprim tolerance

Patel and Matange eLife (2021)

PhoQ

PhoP

PP

Stress-responsive genes

Transcription regulators

DHFR (folA)

MgrB

Negative feedback

Transcriptional up-regulation, trimethoprim tolerance

Loss-of-function mutations in the ‘mgrB’ gene or its 

promoter confer trimethoprim tolerance to E. coli 
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Our model: Trimethoprim 
resistance in Escherichia coli

NADPH NADP

dihydrofolate tetrahydrofolate

Dihydrofolate reductase (DHFR)

Trimethoprim (TMP)

Pyrimidine biosynthesis

Amino acid biosynthesis

Horizontally-acquired TMP-resistant DHFRs

Chromosomal mutations that change TMP binding 

site in DHFR

Hyperactivation of PhoPQ, transcriptional 

up-regulation of DHFR



Do selection dynamics of resistant bacteria vary at 
different selection pressures?

Serial passage ~350 generations
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Antibiotic dose vs growth for wild type E. coli
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Do selection dynamics of resistant bacteria vary at 
different selection pressures?

Patel and Matange eLife (2021)

Evolving lineages

(High pressure)

TMPR population Total population 

size

Evolving lineages

(Low pressure)

TMPR population Total population 

size

Resistant 

bacteria 

>99%

Resistant 

bacteria 

<1%
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Drug-tolerant bacteria are fixed early in high and low 
pressure lineages

Patel and Matange eLife (2021)
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Genome sequence populations 

from ~20 generations of selection 

No mutations in DHFR detected

Loss of mgrB ~70-80% of populations

Tolerance precedes resistance at both 

selection pressures
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Drug-resistant bacteria are derived from drug-
tolerant bacteria in high and low pressure lineages

Patel and Matange eLife (2021)
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Genome sequence resistant 

isolates from ~150 generations of 

selection 

Resistant bacteria harbour 

mutations in DHFR in addition to 

loss-of-function mutations in mgrB

Few additional mutations in high 

selection lineages

Resistant bacteria are derived from 

tolerant bacteria in high and low 

pressure lineages



Phenotypic transitions during selection of 
resistance: Dependency on selection pressure 

Patel and Matange eLife (2021)

Drug-sensitive Drug-tolerant Drug-resistant

?

High Drug Pressure

Low Drug Pressure
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(DHFR)



Low pressure lineages show two different genetic 
trajectories of adaptation

Patel and Matange eLife (2021)
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Loss of function mutations in RpoS

RpoS-deficiency does not enhance trimethoprim resistance

What drives the fixation of mutations in RpoS?



RpoS is an activator of bacterial stress responses and 
a target of PhoPQ signalling

RpoS (red) bound to DNA, part of RNA 

polymerase holoenzyme  (PDB: 5IPL)

RpoD

Growth and division

RpoS

Stress responses

Activated by PhoPQ

signalling

Could loss of RpoS alleviate the detrimental 

effects of hyperactive PhoPQ signalling in drug-

tolerant bacteria?



Loss of mgrB, unwanted gene expression and fitness 
costs

Chetna Yelpure and Rhea Vinchhi, unpublished
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Inactivation of RpoS is beneficial in mgrB-deficient 
E. coli regardless of antibiotic

Patel and Matange eLife (2021)
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Phenotypic transitions during selection of 
resistance: Dependency on selection pressure 

Patel and Matange eLife (2021)

Drug-sensitive Drug-tolerant Drug-resistant

Cost-compensation

High Drug Pressure
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(DHFR)
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Strength of antibiotic pressure determines the most 
successful adaptive strategy

Patel and Matange eLife (2021)
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Patel and Matange eLife (2021)

Phenotypic transitions during selection of 
resistance: Dependency on selection pressure 



Patel and Matange eLife (2021)

Take home!

• There are many ways to improve fitness in an environment

• Strength of selection determines which route will be preferred

• Adaptive strategies are not insulated from one another

• Genetic structures of adapting populations can be mechanistically explained


