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Saccharomyces cerevisiae

Nombre de cellules

fermentation respiration
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Yeast adaptation

Final population density
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Adaptation In vitro

Experimental evolution: (Spor et al., 2014)

6 strains from different environment
4 environments

3 replicats
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Experimental evolution: (Spor et al., 2014)
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What are the traits which determine
fitness In a seasonal environment?

What Is the impact of selected traits
on season length?



Batch culture model

fermentation respiration
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Adapted from MacLean et al., 2006

Glucose, ethanol



Batch culture model

fermentation respiration
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Batch culture model

fermentation respiration
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Population density

Glucose concentration
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Toni et al.
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What are the traits which determine
fitness In a seasonal environment?

What Is the impact of selected traits

on season length?

Simplified model:
 Links between traits and fitness
 Seasons and traits

Extension to complete model & further work
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What are the traits which determine
fitness In a seasonal environment?

What Is the impact of selected traits
on season length?

Simplified model:
* Links between traits and fithess
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Simple model
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Link between traits and fithess

Wiy, (1) = n (0)-1n (3:2)

Using the previous equations:

Wl/2 (T) = (Tf,1 — rf,Z)Tf + (rm - Tr,z)(Tr—Tf) — (my —my)T

Fitness depends on:
- differences In growth rates or mortality rates
- assoclated season lengths
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Respiration (T,-T;)

Traits selected | -High fermentation -High respiration -Low mortality rates
growth rate growth rate
-Low mortality rates -Low mortality rates

Wl/2 (T) = (rf,1 - 7”f,z)Tf + (Tr,1 - Tr,z)(Tr—Tf) — (my —my)T
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Respiration (T-T;)

Traits selected | -High fermentation -High respiration -Low mortality rates
growth rate growth rate
-Low mortality rates -Low mortality rates

Wl/2 (T) = (rf,1 - Tf,z)Tf + (Tr,1 - Tr,z)(Tr—Tf) — (my —my)T

What are the determinants of
seasons length? 1



What are the traits which determine
fitness In a seasonal environment?

What Is the impact of selected traits

on season length?
Simplified model:

 Seasons and traits
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Seasons length and traits

Analytical solution in monoculture (resident population):

1 yf-Go )
T, = n + 1
f (rf—m) ( N,

(T, — Tf) = = ln<p Yr-Co +1>
' ! (. —m) (N, +yf-Go)
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Seasons length and traits

Analytical solution in monoculture (resident population):

1 yf-Go )
T, = n + 1
f (rf—m) ( N,

(T, — Tf) = = ln<p Yr-Co +1>
' ! (. —m) (N, +yf-Go)

If N, < yr.G,, I.e. the number of cells produced in fermentation is
larger than the initial number of cells:

(T —T}) = —— m( yl+1)
T T —m) p.Yf
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1
Tf=

(rf —

)’f-Go
. 1
) ln( N + )

Traits selected

-High fermentation
growth rate
-Low mortality rates

-High respiration
growth rate
-Low mortality rates

-Low mortality rates

Biotics
components of
season length

-Fermentation
growth rate (-)

Abiotics
components of
season length
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1
Tf=

Yf-Go )
n +1
(Tf —m) < NO

Traits selected

-High fermentation
growth rate
-Low mortality rates

-High respiration
growth rate
-Low mortality rates

-Low mortality rates

Biotics
components of
season length

-Fermentation
growth rate (-)
-mortality rates (+)

Abiotics
components of
season length
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Traits selected | -High fermentation -High respiration -Low mortality rates
growth rate growth rate
-Low mortality rates -Low mortality rates

Biotics -Fermentation

components of | growth rate (-)
season length -mortality rates (+)
-Fermentation yield (+)

Abiotics
components of
season length

24



1 .G
sz In yf 0

: +1
(rf_m) No

|Fermentation T, [ Respiration (T-T) | Mortality (F-T) |

Traits selected | -High fermentation -High respiration -Low mortality rates
growth rate growth rate
-Low mortality rates -Low mortality rates

Biotics -Fermentation

components of | growth rate (-)
season length -mortality rates (+)
-Fermentation yield (+)

Abiotics -Initial glucose
components of | concentration (+)
season length | -Initial cells density (-)
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Respiration (T,-T;)

Traits selected

-High fermentation
growth rate
-Low mortality rates

-High respiration
growth rate
-Low mortality rates

-Low mortality rates

Biotics
components of
season length

-Fermentation

growth rate (-)
-mortality rates (+)
-Fermentation yield (+)

-Respiration growth rate

()

Abiotics
components of
season length

-Initial glucose
concentration (+)
-Initial cells density (-)
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Respiration (T,-T;)

Traits selected

-High fermentation
growth rate
-Low mortality rates

-High respiration
growth rate
-Low mortality rates

-Low mortality rates

Biotics
components of
season length

-Fermentation

growth rate (-)
-mortality rates (+)
-Fermentation yield (+)

-Respiration growth rate
()
-Mortality rate (+)

Abiotics
components of
season length

-Initial glucose
concentration (+)
-Initial cells density (-)
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Traits selected

Respiration (T,-T;)

-High fermentation
growth rate
-Low mortality rates

-High respiration
growth rate
-Low mortality rates

-Low mortality rates

Biotics
components of
season length

-Fermentation

growth rate (-)
-mortality rates (+)
-Fermentation yield (+)

-Respiration growth rate
(-)

-Mortality rate (+)
-Fermentation yield (-)
-Respiration yield (+)
-Ethanol production (+)

Abiotics
components of
season length

-Initial glucose
concentration (+)
-Initial cells density (-)

28




Traits selected

-High fermentation
growth rate
-Low mortality rates

-High respiration
growth rate
-Low mortality rates

-Low mortality rates

Biotics
components of
season length

-Fermentation
growth rate (-)
-mortality rates (+)
-Fermentation yield

(+)

-Respiration growth rate
(-)

-Mortality rate (+)
-Fermentation yield (-)
-Respiration yield (+)
-Ethanol production (+)

Abiotics
components of
season length

-Initial glucose
concentration (+)

-Initial cells density (-)
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Traits selected

-High fermentation
growth rate
-Low mortality rates

-High respiration
growth rate
-Low mortality rates

-Low mortality rates

Biotics
components of
season length

-Fermentation

growth rate (-)
-mortality rates (+)
-Fermentation yield (+)

-Respiration growth rate
(-)

-Mortality rate
-Fermentation yield (-)
-Respiration yield (+)
-Ethanol production (+)

Abiotics
components of
season length

-Initial glucose
concentration (+)
-Initial cells density (-)

-Batch length (+)
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What are the traits which determine
fitness In a seasonal environment?

What Is the impact of selected traits
on season length?

Extension to complete model & further work
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Ethanol toxicity
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Competitions in Silico

Sampling of 100 strains (Latin Hypercube Sampling)

Initial frequency of the mutant : 0.001%

9 900 competitions.

Fitness definition:

Wiy, (1) = In (320)-In ()

N; Is the density of strain I.
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Correlation between fitness and traits
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cell density
2e+07

4e+07

0e+00

Interseasons due to ethanol

m,<m,
Tf,l > rf,Z
Em,l < Em,2

time

W1/2:-O.98
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Fitness
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Impact of batch length and

Fitness

frequency dependence
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Conclusion

* The length of the seasons changes the
Intensity of selection on life-history traits

 Biotic conditions define the length of the
Seasons

— frequency dependence

 Batch length can modify the seasons and
thus which traits are selected
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