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Transitions in form over 
	
evolutionary time 	
	


What are the selective forces?	






Hard to test hypotheses 
through the fossil record	




We use batch culture evolution 
to track the fossil record	
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Ploidy varies between species	
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Ploidy varies between species	




and across a phylogeny	


Wendel lab	




Ploidy can also vary within species	


Haploid – Male honey bee	
  Haploid – Mastocarpus 
papillatus (gametophyte)	


 Diploid– Mastocarpus 
papillatus (sporophyte)	


Diploid– Female honey bee	


 Haploid/Diploid – 	

Ulva lactuca	




Ezov et al. (2006) Genetics	


3N	


4N	


2N	


Yeast Ploidy	




Ezov et al. (2006) Genetics	


3N 

4N 

2N 

Yeast Ploidy in Nature!	




Ezov et al. (2006) Genetics	


3N	


4N	


2N	


Yeast Ploidy	




Ploidy can directly affect 
evolution	


•  Mutation rate	


•  Mutation effect size (s vs. sh)	


•  Rate of adaptation	




PLoS Genetics (2006)	


Convergence toward diploidy in 
1800 generations	
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PLoS Genetics (2006)	


Convergence toward diploidy in 
1800 generations (not in nature)	
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Convergence toward diploidy in 
1800 generations	
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What is different between 
haploid and diploid yeast?	


Haploid Ancestral	
 Diploid Ancestral	


64 ± 3 µm3 90 ± 4 µm3 

17 genes differ in expression (Galitski, 1999)  
 
2.7% of the proteome changes more than 50% in 
abundance   

 (de Godoy, 2008) 
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Batch culture growth	
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Exponential 
growth	


Stationary 
phase	


Lag phase	
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Batch culture growth	
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!

r (growth rate)	


K (biomass 
production)	


t (lag phase)	




Hypothèse # 1 – Les diploïdes se multiplient 
	
mieux dans une culture discontinue 
	
(rendement de biomasse plus élevé, 
	
croissance exponentielle plus rapide, et/ou 
	
temps de latence plus courts).	


Qu’est-ce qui rend les 
diploïdes meilleurs?���

	


Hypothesis # 1 – Diploids are better at 
	
growth during batch culture (higher 
	
biomass yield, faster exponential growth, 	
and/

or shorter lag phase).	




Directly compare haploids and diploids 
isolated throughout the fossil record 

2N	


1N	




Biomass production through the 
fossil record	
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1100 generation colonies
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Variation in biomass production	
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Growth rate through the fossil record	
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Growth rate through the fossil record	


Time (generations)

0 500 1000 1500 2000

0.00

0.05

0.10

0.15

0.20

0.25

G
ro

w
th

 r
a

te
 (

/h
o

u
r)

haploid
diploid

0 500000 1000000 1500000

0
.2

0
.4

0
.6

0
.8

d[, 1]

d
[,

 5
]



Growth rate through the fossil record	
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Variation in growth rate	

1100 generation colonies
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Lag phase - glucose utilization	
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Conclusion # 1– Diploids do not produce 
	
biomass more efficiently, grow faster, or 
	
have a shorter lag phase than haploids.	


Conclusion # 1 – Les diploïdes ne produisent	

	
pas de biomasse plus élevée, ne montre pas 
	
de croissance exponentielle plus rapide, et 
	
n’ont pas de temps de latence plus courts.	


Qu’est-ce qui rend les diploïdes meilleurs?���
	




Hypothèse # 2 – Les diploïdes sont plus 
	
compétitifs que les haploïdes.	


Hypothesis # 2 – Diploids are more 
	
competitively fit than haploids.	


Conclusion # 1– Diploids do not produce 
	
biomass more efficiently, grow faster, or 
	
have a shorter lag phase than haploids.	


Conclusion # 1 – Les diploïdes ne produisent	

	
pas de biomasse plus élevée, ne montre pas 
	
de croissance exponentielle plus rapide, et 
	
n’ont pas de temps de latence plus courts.	


Qu’est-ce qui rend les diploïdes meilleurs?���
	




Competitive fitness	


Day 0	
 Day 2	
 Day 4	
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Competitive fitness 	
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Conclusion # 2 – Diploids are not more 
	
competitively fit against a common 

competitor.	


Qu’est-ce qui rend les diploïdes meilleurs?���
	


Conclusion # 2 – Les diploïdes ne sont pas 
	
plus compétitifs que les haploïdes.	




Conclusion # 2 – Les diploïdes ne sont pas 
	
plus compétitifs que les haploïdes.	


Conclusion # 2 – Diploids are not more 
	
competitively fit against a common 

competitor.	


Hypothèse # 3 – J’ai besoin d’une nouvelle 
	
hypothèse.	


Hypothesis # 3 – I need a new hypothesis.	


Qu’est-ce qui rend les diploïdes meilleurs?���
	




Directly compete haploids and diploids	


Haploid	
 Diploid	




Directly compete haploids and diploids	


Haploid	
 Diploid	


Day 14 (100 
generations)	
Day 0	




Directly compete haploids and diploids	


Haploid	
 Diploid	


Day 14 (100 
generations)	
Day 0	
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Directly compete haploids and diploids	


Haploid	
 Diploid	


Day 14 (100 
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Directly compare (this time for sure!)  
haploids and diploids 

2N	


1N	
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1400 generation diploid colonies 
against haploid population	




1400 generation diploid colonies 
against haploid population	
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1400 generation diploid colonies 
against haploid population	
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beginning and end of the experiment as described by
Ross-Gillespie et al. (2007):

n ¼ X2"ð1$ X1Þ=X1"ð1$ X2Þ
with X1, the initial and X2, the final frequencies of
the strain. The stable frequency of gacS mutants in
the population was defined according to the regres-
sion slope as n¼ 1.

The predation pressure p on the roots was
estimated as

p ¼ ðYc $ YpÞ=Yc

where Yc is the bacterial density in the control
treatment, and Yp is the bacterial density in the
tested sample. The food selectivity index s of
predators was calculated by dividing the percen-
tages of gacS mutants in the diet of the predators
and in the population. These two proportions were
defined as the contribution of the gacS mutants to
the total predation pressure ponderated by the
percentage of mutants in non-grazed populations

s ¼ ðZc $ ZpÞ=ðYc $ YpÞ"Xc

where Xc is the proportion of gacS mutants, and Zp

and Zc are the total number of gacS mutants in the
predator and control treatment, respectively. An
index of 1 indicates the absence of preference for
one of the two strains, an index 41 preference for
the gacS mutant.

The relative fitness of the gacS mutant, the
predation pressure and the predator selectivity were
analysed with a general linar model (type III sum of
squares) investigating the effect of predator treat-
ment (factor) and the original mutant frequency
(linear descriptor) in a full factorial design. Data
were analysed using Statistica 7.0 (StatSoft Inc.,
Tulsa, OK, USA). Before statistical analyses, data
were checked for homogeneity of variances and log
transformed if necessary; percentage values were
arcsin-square root transformed before analysis to
meet assumptions of homoscedasticity.

Results

Fitness of the gacS mutant
The gacS-deficient mutant was subject to negative
frequency-dependent selection both in batch and
rhizosphere systems (Figures 1 and 2). Its relative
fitness (n) decreased in parallel with its frequency in
the population, suggesting that the mutant was not
able to displace wild-type populations, but instead
required an elevated wild-type density for max-
imum fitness. In the batch system, pure cultures of
gacS mutant grew better than the wild type in the
exponential phase, but reached lower densities (see
Supplementary Figure S1). In mixed cultures, the
relative fitness of the mutant was negatively corre-
lated with its initial frequency, showing a strong
decline at high initial densities (r2¼ 0.96, Po0.001;
Figure 1). In absence of amoebae, the gacS mutant
was fitter than the wild type at frequencies below
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Figure 1 Relative fitness of the gacS mutant of Pseudomonas
fluorescens CHA0 in the batch experiment after 48h as a function
of its initial frequency (initial gacS mutant-to-wild-type ratio)
in the presence (black circles) or absence (open circles) of
the predator Acanthamoeba castellanii. The relative fitness of
the gacS mutant is expressed as ratio between its final and
initial frequency; the two strains are at equilibrium at a relative
fitness of 1.
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Figure 2 Relative fitness of the gacS mutant of Pseudomonas
fluorescens CHA0 in the rhizosphere of rice in relation to the
initial gacS mutant-to-wild-type ratio without predators (a) with
Caenorhabditis elegans (b) or Acanthamoeba castellanii (c). The
vertical dashed lines indicate the frequency at which both strains
are at equilibrium.
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Negative frequency dependent 
selection is common	
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resulting 100-fold daily growth of each population rep- 

resents -6.64 generations of binary fission. 

Fitness assay and definitions.-Relative fitness was 

assayed by allowing Lac+ and Lac- to compete under 

the culture conditions described above. Prior to every 

assay, each genotype was grown separately for (at least) 

1 d in the experimental medium as a preconditioning 

step to ensure that both competitors were in comparable 

physiological states. The two competitors were then 

mixed at a 1:1 or other defined volumetric ratio, then 

diluted 1:100 into fresh medium and allowed to grow 

and compete during a standard 1 -d growth cycle. Initial 

and final densities of each competitor were estimated 

by spreading cells on TL plates, which distinguish the 

two genotypes by colony color. 

The fitness of one genotype relative to the other was 

obtained, first, by calculating the realized Malthusian 

parameter for each competitor, and then by computing 

the ratio of their Malthusian parameters (Lenski et al. 

1991). Let Ni(0) and N,(1) be the densities of one ge- 

notype initially and after 1 d, respectively. Then the 

average rate of increase, or realized Malthusian param- 

eter, for that genotype is mi = ln[N(1)/N,(O)]/(1 d). The 

fitness of one genotype relative to another (Wij) is es- 

timated simply as the ratio of their Malthusian param- 

eters during direct competition, or Wj = m/Imj. A fitness 

differential between two genotypes may be caused by 

differences in the duration of lag phase, maximum 

growth rate, affinity for resource as it becomes limiting, 

survival at stationary phase, or any combination thereof 

(e.g., Vasi et al. 1994). 

RESULTS 

Demonstration of the stable equilibrium 

Evidence for frequency dependence.-We first 

sought to establish that each recombinant genotype, 

Lac+ and Lac-, could increase in frequency when it 

was initially rare. To that end, we performed fitness 

assays in DM25 medium in which the two genotypes 

were mixed at thirteen different initial frequencies of 

Lac+: 0.99, 0.95, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 

0.1, 0.05, and 0.01. Assays were replicated twice for 

each initial frequency. 

Two aspects of the results (Fig. 2) are of particular 

interest. First, there was compelling evidence that the 

relative fitness of each genotype was a decreasing func- 

tion of its own initial frequency (slope = -0.338, t = 

-7.855, df = 24, P < 0.001). Second, these data al- 

lowed us to predict the equilibrium frequency of Lac+ 

and Lac- in DM25. By definition, equilibrium will oc- 

cur when the two genotypes achieve frequencies in the 

population where they are equally fit. Thus, the point 

where the regression line intersects a relative fitness of 

1.0 corresponds to a predicted equilibrium frequency 

for Lac+ of 0.45. 

Evidence for stable equilibrium.-To further estab- 

lish the existence of a stable polymorphic equilibrium, 
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FIG. 2. The fitness of recombinant Escherichia coli ge- 
notype Lac+, relative to genotype Lac-, is a decreasing func- 
tion of its own frequency. Relative fitness was calculated as 

the ratio of Malthusian parameters estimated during compe- 
tition over 1-d growth cycles in DM25 (Davis Minimal me- 

dium containing glucose at 25 jig/mL), with initial frequen- 
cies of Lac+ that ranged from 0.01 to 0.99. The line indicates 
the least-squares regression. These data imply a stable equi- 
librium frequency for Lac+ of about 0.45, at which point 
relative fitness equals 1. 

Lac+ and Lac- were allowed to compete during daily 

serial transfers in DM25 for 200 generations (30 d). 

Each genotype was separately preconditioned and then 

they were mixed at five initial frequencies (0.9, 0.75, 

0.5, 0.25, 0.1), with three-fold replication. After 16 d, 

we temporarily suspended this experiment by adding 

3 mL glycerol to each culture flask and then storing 

the cultures at - 80?C (to place cells in a state of sus- 

pended animation). We restarted the experiment 2 wk 

later by inoculating from each thawed freezer sample 

into Luria broth (Sambrook et al. 1989) for 1 d. Cul- 

tures were then diluted into DM25 for 1 d of re-accli- 

mation before continuing the experiment proper for 

another 14 d in DM25. (Two replicates were terminated 

at days 19 and 27 due to contamination.) During the 

entire 30-d competition experiment, we spread samples 

taken from stationary-phase cultures (i.e., at the end of 

the 24-h growth cycle) onto TL plates to determine the 

densities of the Lac+ and Lac- genotypes. 

As shown in Fig. 3, the frequency of Lac+ converged 

upon an equilibrium value, regardless of its initial fre- 

quency and despite the fact that the experiment was 

perturbed midway by freezing and restarting the com- 

petition. The perturbation resulted in a systematic ad- 

vantage to the Lac+ competitor, but this effect was tran- 

sient and disappeared as the experiment continued. By 

day 30 of the competition experiment, the frequency 

of Lac+ averaged 0.509 ? 0.012 (mean ? 1 SE), which 
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resulting 100-fold daily growth of each population rep- 

resents -6.64 generations of binary fission. 

Fitness assay and definitions.-Relative fitness was 

assayed by allowing Lac+ and Lac- to compete under 

the culture conditions described above. Prior to every 

assay, each genotype was grown separately for (at least) 

1 d in the experimental medium as a preconditioning 

step to ensure that both competitors were in comparable 

physiological states. The two competitors were then 

mixed at a 1:1 or other defined volumetric ratio, then 

diluted 1:100 into fresh medium and allowed to grow 

and compete during a standard 1 -d growth cycle. Initial 

and final densities of each competitor were estimated 

by spreading cells on TL plates, which distinguish the 

two genotypes by colony color. 

The fitness of one genotype relative to the other was 

obtained, first, by calculating the realized Malthusian 

parameter for each competitor, and then by computing 

the ratio of their Malthusian parameters (Lenski et al. 

1991). Let Ni(0) and N,(1) be the densities of one ge- 

notype initially and after 1 d, respectively. Then the 

average rate of increase, or realized Malthusian param- 

eter, for that genotype is mi = ln[N(1)/N,(O)]/(1 d). The 

fitness of one genotype relative to another (Wij) is es- 

timated simply as the ratio of their Malthusian param- 

eters during direct competition, or Wj = m/Imj. A fitness 

differential between two genotypes may be caused by 

differences in the duration of lag phase, maximum 

growth rate, affinity for resource as it becomes limiting, 

survival at stationary phase, or any combination thereof 

(e.g., Vasi et al. 1994). 

RESULTS 

Demonstration of the stable equilibrium 

Evidence for frequency dependence.-We first 

sought to establish that each recombinant genotype, 

Lac+ and Lac-, could increase in frequency when it 

was initially rare. To that end, we performed fitness 

assays in DM25 medium in which the two genotypes 

were mixed at thirteen different initial frequencies of 

Lac+: 0.99, 0.95, 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 

0.1, 0.05, and 0.01. Assays were replicated twice for 

each initial frequency. 

Two aspects of the results (Fig. 2) are of particular 

interest. First, there was compelling evidence that the 

relative fitness of each genotype was a decreasing func- 

tion of its own initial frequency (slope = -0.338, t = 

-7.855, df = 24, P < 0.001). Second, these data al- 

lowed us to predict the equilibrium frequency of Lac+ 

and Lac- in DM25. By definition, equilibrium will oc- 

cur when the two genotypes achieve frequencies in the 

population where they are equally fit. Thus, the point 

where the regression line intersects a relative fitness of 

1.0 corresponds to a predicted equilibrium frequency 

for Lac+ of 0.45. 

Evidence for stable equilibrium.-To further estab- 

lish the existence of a stable polymorphic equilibrium, 
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FIG. 2. The fitness of recombinant Escherichia coli ge- 
notype Lac+, relative to genotype Lac-, is a decreasing func- 
tion of its own frequency. Relative fitness was calculated as 

the ratio of Malthusian parameters estimated during compe- 
tition over 1-d growth cycles in DM25 (Davis Minimal me- 

dium containing glucose at 25 jig/mL), with initial frequen- 
cies of Lac+ that ranged from 0.01 to 0.99. The line indicates 
the least-squares regression. These data imply a stable equi- 
librium frequency for Lac+ of about 0.45, at which point 
relative fitness equals 1. 

Lac+ and Lac- were allowed to compete during daily 

serial transfers in DM25 for 200 generations (30 d). 

Each genotype was separately preconditioned and then 

they were mixed at five initial frequencies (0.9, 0.75, 

0.5, 0.25, 0.1), with three-fold replication. After 16 d, 

we temporarily suspended this experiment by adding 

3 mL glycerol to each culture flask and then storing 

the cultures at - 80?C (to place cells in a state of sus- 

pended animation). We restarted the experiment 2 wk 

later by inoculating from each thawed freezer sample 

into Luria broth (Sambrook et al. 1989) for 1 d. Cul- 

tures were then diluted into DM25 for 1 d of re-accli- 

mation before continuing the experiment proper for 

another 14 d in DM25. (Two replicates were terminated 

at days 19 and 27 due to contamination.) During the 

entire 30-d competition experiment, we spread samples 

taken from stationary-phase cultures (i.e., at the end of 

the 24-h growth cycle) onto TL plates to determine the 

densities of the Lac+ and Lac- genotypes. 

As shown in Fig. 3, the frequency of Lac+ converged 

upon an equilibrium value, regardless of its initial fre- 

quency and despite the fact that the experiment was 

perturbed midway by freezing and restarting the com- 

petition. The perturbation resulted in a systematic ad- 

vantage to the Lac+ competitor, but this effect was tran- 

sient and disappeared as the experiment continued. By 

day 30 of the competition experiment, the frequency 

of Lac+ averaged 0.509 ? 0.012 (mean ? 1 SE), which 
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the density of L and S. S and L ecotypes were identified as

detailed above.

We replicated each treatment three or four times and

recorded the means of proportion L (Gs.e.m.). In addition to

the mixed cultures, we initiated pure cultures of L or S to

examine the possibility that the complementary type in a

diversified pair (S or L, respectively) might arise by mutation

and become established in cultures within the timeframe of

our study. We periodically checked for cross-contamination

between cultures.

In our first assay, we repeated earlier work (Friesen et al.

2004) to establish a baseline of comparison for our

subsequent assays. Thus, we mixed L and S from a single

diversified pair in different starting proportions to confirm

that mixed cultures would equilibrate to an intermediate

frequency of L due to negative frequency dependence (with

each type having an advantage when rare). The evolutionary

environment for each player and the ecological environment

of the assay were the same: DMMIX. Our second assay

involved mixing an L from one diversified pair in DMMIX

with an S from a different diversified pair in DMMIX (and vice

versa). Therefore, both players evolved in and competed

against one another in the DMMIX environment; however, the

players came from different replicate microcosms. Finally, we

mixed one partner from a diversified pair that evolved in

DMMIX with its complementary partner from another

diversified pair that evolved in DMGLU, and vice versa.

Comparing results from this last set of assays with results

from the other assays would therefore shed light on whether

diversified pairs that evolved in different environments

underwent parallel diversification. Specifically, we would

conclude that diversification of the phenotypes underlying

competitive ability had occurred in parallel if the dynamics of

competition between L and S, when L and S come from

different diversified pairs that evolved in different environ-

ments (assay 3 above), are similar to the dynamics when L

and S come from either the same diversified pair (assay 1) or

from different diversified pairs that evolved in the same

environment (assay 2). However, if those dynamics were

different we would conclude that diversification had not

occurred in a parallel manner.

4. RESULTS
Our first assay involved competing L and S from
diversified pairs of Populations 31 and 33 which were
initiated at different starting proportions and evolved and
competed in the DMMIX environment. Regardless of
starting proportions, all trials between strains from
population 31 diversified pairs levelled off at a stable,
intermediate frequency by day 8. If we define the
frequency at the end of each trial as the equilibrium
frequency, then the equilibrium frequencies from different
trials were indistinguishable from one another (proportion
largeZ0.49, F2,6Z0.7647, pZ0.506; figure 1a). Like-
wise, diversified pairs from population 33 reached
intermediate equilibrium frequencies by day 8 that
were also indistinguishable from one another (proportion
largeZ0.80, F2,6Z0.1552, pZ0.860; figure 1b).
Combining all trials involving population 31 and 33
diversified pairs, we tested whether the equilibrium
frequency was similar between populations 31 and 33.
We determined that the equilibrium frequencies were in
fact different from one another (tZ8.76, p!0.0001).

Treatments initiated with only L or S types in both
population 31 and 33 remained pure throughout the entire
study (results not shown).

Our second assay involved competing complementary
partners (L versus S) from two different diversified pairs,
albeit that both evolved in the DMMIX environment.
Figure 2a illustrates the dynamics of competition between
LMIX-31 versus SMIX-33. Again, regardless of starting
proportion, all trials converged to an intermediate
equilibrium frequency by day 10 (proportion large
Z0.79, F2,6Z2.074, pZ0.2067). Similarly, when we
competed LMIX-33 versus SMIX-31, we observed conver-
gence to an intermediate equilibrium frequency within 8
days (proportion large Z0.37, F2,6Z0.6047, pZ0.5764;
figure 2b). Because our first assay revealed that sets of
diversified pairs were fine-tuned to different intermediate
equilibrium frequencies (see above), we had little reason
to expect that the equilibrium frequencies attained in our
mixed-partner trials would be equal and, indeed, they
were not (tZ7.845, p!0.0001).

Third, complementary partners that had evolved in
different environments were placed in a competitive
environment. Figures 3a,b and 4a,b cogently summarize
the results of these mixed partner/mixed evolutionary
environment assays: the competitive dynamics are quali-
tatively different from those attained above and from one

Figure 1. The means of proportion Large (Gs.e.m.) for three
starting mixtures of (a) LMIX-31 and SMIX-31 versus time
(days) in DMMIX and (b) LMIX-33 and SMIX-33 versus time
(days) in DMMIX. In both cases, the proportions stabilized at
an intermediate frequency by day eight in all treatments.
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Predators promote defence of rhizosphere
bacterial populations by selective feeding
on non-toxic cheaters
Alexandre Jousset1, Laurène Rochat2, Maria Péchy-Tarr2, Christoph Keel2, Stefan Scheu1,3,4

and Michael Bonkowski1,3,5
1Institute of Zoology, Darmstadt University of Technology, Darmstadt, Germany and 2Département de
Microbiologie Fondamentale, Université de Lausanne, Lausanne, Switzerland

Soil pseudomonads increase their competitiveness by producing toxic secondary metabolites,
which inhibit competitors and repel predators. Toxin production is regulated by cell–cell signalling
and efficiently protects the bacterial population. However, cell communication is unstable, and
natural populations often contain signal blind mutants displaying an altered phenotype defective in
exoproduct synthesis. Such mutants are weak competitors, and we hypothesized that their fitness
depends on natural communities on the exoproducts of wild-type bacteria, especially defence
toxins. We established mixed populations of wild-type and signal blind, non-toxic gacS-deficient
mutants of Pseudomonas fluorescens CHA0 in batch and rhizosphere systems. Bacteria were
grazed by representatives of the most important bacterial predators in soil, nematodes
(Caenorhabditis elegans) and protozoa (Acanthamoeba castellanii). The gacS mutants showed a
negative frequency-dependent fitness and could reach up to one-third of the population, suggesting
that they rely on the exoproducts of the wild-type bacteria. Both predators preferentially consumed
the mutant strain, but populations with a low mutant load were resistant to predation, allowing the
mutant to remain competitive at low relative density. The results suggest that signal blind
Pseudomonas increase their fitness by exploiting the toxins produced by wild-type bacteria, and
that predation promotes the production of bacterial defence compounds by selectively eliminating
non-toxic mutants. Therefore, predators not only regulate population dynamics of soil bacteria but
also structure the genetic and phenotypic constitution of bacterial communities.
The ISME Journal (2009) 3, 666–674; doi:10.1038/ismej.2009.26; published online 26 March 2009
Subject Category: microbial population and community ecology
Keywords: amoebae; cheating; nematodes; Pseudomonas fluorescens; protozoa; soil

Introduction

Fluorescent pseudomonads are ubiquitous rhizo-
sphere bacteria, and many species produce toxic
exoproducts that increase their resistance to micro-
faunal predators and improve their competitiveness
against other bacteria (Jousset et al., 2008). These
toxins often inhibit plant pathogens, making pseu-
domonads as potent biological control agents in
agricultural systems (Haas and Defago, 2005). Toxin

production in Pseudomonas is controlled at the
post-transcriptional level by the gac/rsm cascade
(Lapouge et al., 2008). Activation of the GacS/GacA
two-component system by unknown signals leads to
the production of small RNAs, which remove the
translational inhibition of secondary metabolites.
This cell-to-cell signalling allows the bacteria to
coordinate their behaviour, activating the secondary
metabolism at high bacterial density (Haas and Keel,
2003; Dubuis et al., 2007).

Pseudomonas fluorescens CHA0 is an effective
colonizer of the rhizosphere of mono- and dicotyle-
donous plants possessing remarkable biocontrol
efficiency (Voisard et al., 1994) and high resistance
to predation (Jousset et al., 2006) due to the
production of an array of secondary metabolites
including toxins, such as hydrogen cyanide (HCN),
2,4-diacetylphloroglucinol (DAPG) and pyoluteorin
(Haas et al., 2002).

Initially, rhizosphere bacteria originating from a
single cell contribute equally to toxin production
(de Werra et al., 2008), but cell signalling is
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Conclusion # 3 – les diploïdes de génération 1400 ne 
	
remplace pas les haploïdes de génération 1400; mais 
	
les diploïdes de génération 1600 peuvent.	


Conclusion # 4 – La sélection négative relative à la 
	
fréquence maintient les polymorphismes dans le 
	
système.	


Conclusion # 4 – Negative frequency dependent 
	
selection may act to maintain polymorphism in 	
the 

system.	


Conclusion # 3 –1400 generations diploids do not 
	
outcompete the 1400 generation haploid 
	
population; though	
generation 1600 diploids can. 	


Qu’est-ce qui rend les diploïdes meilleurs?���
	




•  Même dans les environnements simples, les 	

	
	
 	
polymorphismes peuvent être maintenus pour 
	
 	
des centaines de générations	


•  La métaphore des paysages adaptatifs ne s’applique 	

	
	
 	
pas ici – ce n’est pas une mutation peu 	
 	
    
	
    avantageuse essayant de grimper une colline	


•  Even in simple environments, polymorphism can 	

	
	
 	
be maintained for hundreds of generations	


•  Adaptive landscape metaphor doesn’t work here – 	

	
	
 	
not a simple hill climbing low s mutation	


Ma perspective moléculaire sur 
la biodiversité	




Ma perspective moléculaire sur 
la biodiversité	


•  Il n’est pas trivial d’expliquer pourquoi la diversité 	

	
	
 	
se maintient ou est éventuellement perdue	


•  Les forces stochastiques & déterministiques sont 	

	
	
 	
probablement présentes pour maintenir et 	

	
pour réduire la diversité ploïdique	


•  Not trivial to explain why diversity is either 	

	
	
 	
maintained, or eventually lost	


•  Stochastic & deterministic forces likely present 	

	
	
 	
to both maintain and remove diversity	




Ploidy can directly affect 
evolution	


•  Mutation rate ?	


•  Mutation effect size (s vs. sh) ?	


•  Mutational neighbourhood ?	




The Next Generation	


•  Sequence!	


•  What mutations are fixed at 1600 generations?	


•  How many appear in only a diploid background?	


•  How rapidly did they sweep?	


2011? 
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Restart evolution at 1400 
generations 


