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What is experimental evolution?



What is experimental evolution?

• Artificial selection:

The experimenter selects parents with particular traits.

• (Quasi-natural) experimental evolution:

Organisms are placed in different environments and their 
evolution is followed across generations.



Artificial selection

S = Difference between the mean trait value of the

selected parents and that of the whole population.

R = Difference between the mean trait value of the

offspring and that of the whole parent population.

R = S x h2

The breeders’ equation

http://upload.wikimedia.org/wikipedia/en/c/c4/Resp-to-sel.jpg


Artificial selection: A classical example

Payne 1918 PNAS



Patricia Beldade

Beldade et al. Nature 2002

B. anynana

Selection for eyespot size in butterflies

Artificial selection: Another example
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Experimental evolution



Experimental evolution: A classical example

Kraaijeveld & Godfray Nature 1997

Selection lines (evolving with parasitoid)

Encapsulating ability of Drosophila exposed to a parasitoid increases across generations in lines

evolving in presence of the parasitoid, as compared to control lines.

Control lines (evolving in the ancestral environment)



Martins et al. 2013 PloS Pathogens

Experimental evolution: Another example

Drosophila evolving with bacterial infection have higher survival when exposed to those bacteria

than control lines.

Nelson Martins

Vitor FariaÉlio Sucena



Why is experimental evolution useful for 
evolutionary biologists?

• Knowledge of the initial, ancestral state. ALLOWS MEASURING THE RATE OF ADAPTATION.

• Precise control of the selection pressures that populations are exposed to. ALLOWS 
INFERRING CAUSALITY.

• Having replicates at the population level. ALLOWS FOLLOWING THE HISTORY OF 
POPULATIONS.

• Importantly, we can:
- control for environmental effects (by placing individuals from all selection regimes in 
the same environment during few generations), thereby singling out genetic adaptation.

- Measure the consequences of such adaptation for the performance in other 
environments, i.e., the correlated responses to selection.

• In this way, we can follow the adaptation process, instead of inferring it from the 
pattern observed.



Experimental evolution studies in biocontrol



Brief conclusions over this brief literature search

• I found few studies (< 30). Maybe a more thorough search would yield 
better results, but it is clearly not a flourishing research area…

• Actually, most studies are rather old…

• Most studies do not meet the quality criteria of the field.



How was experimental evolution in biocontrol done?

• Knowledge of the initial, ancestral state. OFTEN, NOT ALWAYS

• Precise control of the selection pressures that populations are exposed to. OFTEN, NOT 
ALWAYS

• Having replicates at the population level. VERY RARELY!!!

• Importantly, we can:
- control for environmental effects (by placing individuals from all selection regimes in 
the same environment during few generations), thereby singling out genetic adaptation.
VERY RARELY!!!

- Measure the consequences of such adaptation for the performance in other 
environments, i.e., the correlated responses to selection. VERY RARELY!!!

• In this way, we canNOT follow the adaptation process, instead of inferring it from the 
pattern observed. BUT… DO BIOCONTROL STUDIES NEED THIS?



How can experimental evolution be useful for 
biocontrol?



How can experimental evolution be useful for 
biocontrol?



How can we guarantee that experimental 
evolution will produce super-bugs?

• For a trait to evolve by natural selection, there has to be genetic
variation for that trait in the population.



R depends on S and h2, but the latter also depends

on the variability present in the population:

h2 = 0
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R = S x h2

h2 = Va/Vp



• Experimental evolution is used in biological control to improve useful
traits of natural enemies:

- Predation rate

- Fecundity

- Resistance to pesticides

- Tolerance to temperature extremes

- …

• In general, studies aim to improve fitness-related traits of biological
control agents.

Which traits are targeted by exp evol
biocontrol studies?



The Fundamental Theorem of Natural Selection

Ronald Fisher

Rw=VAw

The rate of increase in fitness of any organism at any time is equal to its 
additive genetic variance in fitness at that time.

So, genetic variability is the motor that drives fitness increases in populations. 



The Fundamental Theorem of Natural Selection

Ronald Fisher

Rw=VAw

The rate of increase in fitness of any organism at any time is equal to its 
additive genetic variance in fitness at that time.

So, genetic variability is the motor that drives fitness increases in populations. 

Problem: as fitness increases, it eliminates genetic variability… 



Selection pressure (e.g., pesticide)

How natural selection operates

Natural selection eliminates the variants with the lowest fitness.

This means that only some variants (the fitter) remain, hence genetic variance 

decreases as fitness increases, particularly for fitness-related traits!



Heritability of fitness-related traits

Heritabilty of fitness-related traits is generally lower than that of other traits. 



Heritability and evolutionary responses in spider mites

Julien Fayard Aurelie Cailleau & Elodie Blanchet

Arne Janssen Martijn Egas

Cassandra Marinosci

Ophélie Ronce

Isabelle Olivieri



BASE POPULATION:

Mite strain on cucumber for  ≈ 400 

generations.

≈ 25 generations

EXPERIMENTAL EVOLUTION 

5 lines per selection regime

Tetranychus urticae

Heritability and evolutionary responses in spider mites



Is there additive genetic variance for traits potentially 
underlying adaptation to novel hosts?
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Genetic variance (Va)

Development time 0 0

Juvenile survival √ √

Fecundity √ √

Longevity √ √

Host choice 0

Magalhães et al. J. Evol. Biol. 2007



Do these traits evolve when populations are 
placed in those novel environments?
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CHOICE: Proportion of eggs on each plant
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Are evolutionary responses limited
by genetic variation?

Cucumber lines Pepper lines Tomato lines

YES



Patricia Beldade

Beldade et al. Nature 2002

B. anynana

Are evolutionary responses limited
by genetic variation?

A BIT



Are evolutionary responses limited
by genetic variation?

APPARENTLY NOT…



Are evolutionary responses limited
by genetic variation?

IT’S NOT CLEAR
But beware you choose a population with high effective size to begin with



How can we guarantee that experimental 
evolution will produce super-bugs?

• For a trait to evolve by natural selection, there has to be genetic
variation for that trait in the population.

• For a trait to evolve, it has to respond to a given selection pressure.



• Under artificial selection, the experimenter sets him/herself the
selection pressure on a given trait. So he knows which trait will respond.

Selection pressures

The higher S, i.e., the further is the average of the
selected parents from the average of the population, the
fewer the number of parents to be selected will be
available.



• Under artificial selection, the experimenter sets him/herself the
selection pressure on a given trait. So he knows which trait will respond.

• Under (quasi-natural) experimental evolution, we don’t know which trait
will respond, if any.

Selection pressures



Back to the mites…

Development time 0 0

Juvenile survival √ √

Fecundity √ √

Longevity √ √

Host choice 0

Magalhães et al. J. Evol. Biol. 2007



Adaptation – Life history traits
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How can we guarantee that experimental 
evolution will produce super-bugs?

• For a trait to evolve by natural selection, there has to be genetic
variation for that trait in the population.

• For a trait to evolve, it has to respond to a selection pressure.

• For an evolutionary change to be beneficial for biological control, no 
other relevant trait should trade off with the target trait.



A classical example

Kraaijeveld & Godfray Nature 1997

Selection lines (evolving with parasitoid)

Encapsulating ability of Drosophila exposed

to a parasitoid increases across generations

in lines evolving in presence of the

parasitoid, as compared to control lines…

Control lines

(evolving in the ancestral environment)

But this trades off with larval competitive

ability with little food.



Martins et al. 2013 PloS Pathogens

Are trade-offs universal?

Drosophila evolving with bacterial infection have higher survival when exposed to those bacteria

than control lines.



Costs in the ancestral environment?

NO!
Faria et al. 2015 Evolution



Costs in more extreme environments?

NO!

females

males

Faria et al. 2015 Evolution



Costs in more extreme environments?

NO! Faria et al. 2015 Evolution



Trade-off between resistance to different 
infection modes?

Martins et al. 2013 PloS PathogensNO!



Are there trade-offs during adaptation to 
novel environments?

BASE POPULATION:

Mite strain on cucumber for  ≈ 400 

generations.

≈ 25 generations

EXPERIMENTAL EVOLUTION 

5 lines per selection regime

Tetranychus urticae

Isabelle Olivieri
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Magalhães et al. BMC Evol. Biol. 2009



Performance on the other novel host
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Local adaptation

Kawecki & Ebert Ecol Lett 2004

Population from habitat 1

Population from habitat 2

That is,

Via and Hawthorne Am Nat 2002

Fitness in habitat 2
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Performance on the other novel host

Cucumber lines Pepper lines Tomato lines
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Don’t confuse pattern and process!
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How can we guarantee that experimental 
evolution will produce super-bugs?

• For a trait to evolve by natural selection, there has to be genetic variation
for that trait in the population.

THIS IS OFTEN THE CASE, but may depend on the population and trait.

• For a trait to evolve, it has to respond to a selection pressure.
THIS IS OFTEN THE CASE, but we should be explicit about which traits are 
under selection.

• For an evolutionary change to be beneficial for biological control, no other
relevant trait should trade off with the target trait.

THIS MAY OFTEN BE THE CASE…



How can genomics contribute to improving 
natural enemies?

• If genetic changes underlying trait evolution have a simple genetic
basis, then (in the near future) it may be possible to genetically
manipulate biocontrol agents (e.g., CRISPR-CAS9) and introduce the
alleles of choice in any population.

• Identifying the basis of trade-offs, or any correlated response to 
selection, may allow manipulating the environment in which biocontrol
agents are placed in order to maximize  their efficiency.



Adaptation to viral infection

Martins et al. PNAS 2014



Does adaptation entail a cost in other environments?

Flies evolving with DCV were more resistant to other viruses than control lines. 
This adaptation did not affect performance when flies were exposed to bacteria.

Martins et al. PNAS 2014



a) Experimental Evolution
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What is the genetic basis of adaptation to viruses?

PoolSeq

Control at G20 vs Vir-sel at G20

Base pop vs Vir-sel at G20

Luis Teixeira Christian Schlötterer



Magwire et al. Plos Genet 2012

Genes in the 3L-selected region

The region peaks at Pastrel (pst), a gene that has been 
implied in DCV resistance using Drosophila inbred lines



12 non-synonymous coding SNPs in 9 genes

Candidate genes

What is the effect of these genes on resistance to DCV?



The wonders of Drosophila genetics: RNAi lines
• RNA interference (RNAi) is a process by which an 

RNA links to an mRNA and blocks gene expression.

• The Drosophila community has created isogenic 
lines that express RNAi against particular genes.

• We have ordered RNAi lines against the candidate 
genes that we have identified in the 3L region.

• We then exposed these lines to DCV. 

• If the gene targeted by the RNAi would have an 
effect on DCV resistance, then their survival when 
exposed to DCV would be reduced relative to 
control lines.



Functional validation using RNAi lines

Background KKGD

Martins et al. PNAS 2014



Genes with different cross-resistance properties 

Martins et al. PNAS 2014



• The field is incipient: few studies have used experimental evolution on 
biocontrol agents, and most studies are poorly replicated and do not use 
common environments to test for evolutionary changes.

• Adapting to one environment / trait changes may occur at a rapid pace -> 
hope for improvement of current biocontrol agents.

• Adaption often entails no trade-offs.

• Knowledge of the genetic basis of adaptation of both predators to prey 
and prey to predators may help us design future control strategies.

Conclusions
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