Experimental Evolution in Diatoms
Thermal longterm acclimation in two model diatom species
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Changing and fluctuating (biotic and abiotic) environments have been the driving force for adaptive evolution over the past billion years, leading from
the first simple single cell to complex multicellular organisms. Due to global warming, ocean temperatures are rising on a time scale that might be too
fast for evolutionary processes, and we currently know little about phytoplankton plasticity, adaption or evolution. In natural environments, adaptive
evolution is typically the consequence of multiple interacting selection pressures which makes it difficult to investigate. However, adaptive evolution
can be studied in controlled laboratory experiments, by focusing on specific traits (e.g. fitness, nutrient uptake, nutrient storage) or selective agents or
combinations of selective agents (temperature, pH, oxygen, salt, nutrients, light, competition, etc). In order to identify cellular process that occur
during and aid long-term temperature acclimation, we are conducting experimental evolution experiments with two model diatoms (Thalassiosira
pseudonana and Fragilariopsis cylindrus). This will provide first insights into the evolutionary potential under temperature stress.

Aims
• Production of a temperature related evolutionary time series for two model diatoms
• Identifying cellular and genomic adaptive processes aiding in thermal adaptation
• Evaluating the potential of phenotypic plasticity and evolvability for two model diatoms

Experimental Setup
Thalassiosira pseudonana (Tp)
Fragilariopsis cylindrus (Fc)
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75±5 µmol photons m sec
Nutrient replete conditions

Preliminary results for
Thalassiosira pseudonana

Higher growth rates in all selection lines (Fig.1)
compared to start of experiment (p-value <0.001)
Selection lines 9°C and 22°C have highest growth
rates at their selecting temperature (Fig.1)
(p-value <0.001) however, 32°C lines growth fastest
at 22°C

Growth assays after 300 generations
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Thalassiosira pseudonana

Average diameter in selection lines increased
significantly (p-value <0.001) (Fig.3)
• 9°C from 4.4 µm to 5.8 µm in 4 selection lines

9°C

22°C

5th line decreased again after 200 generations
from 5.8 µm to 4.4µm
size decrease in line 5 coincides with fitness drop
• 22°C selection lines from 3.9µm to 4.6µm
• 32°C selection lines from 4.5µm to 5.5µm
(Data not shown)

32°C

Fragilariopsis cylindrus

Fig 1. Specific growth rates for the Tp selection lines after 300 generations
(N=10). 9°C selection lines in blue, 22°C in green and 32°C in red. Specific
growth rates at the beginning of the experiment are shown in grey (N=5).

3.5°C
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For 300
Generations

Photosynthetic efficiency (Fv/Fm) significantly (p<0.01)
increased from 0.39 to 0.5 for the 9°C selection line
(Fig.4)
No change observed for 22°C and 32°C selection lines

Conclusion

After
300 Generations

Every
50th Generation

Sampling

Growth assays

- RNA, DNA
- Pigments
- POC/N, POP, bSi
- cryopreservation
- formaldehyde fixation

- 3 Replicates per line
- Acclimation for 10
generations

Semi-continous culturing

9°C selection lines have adapted to selection temperature
Cold adaptation irreversible (lower growth rate at optimal
temperature (Fig.1))
-> fixed genetic adaptations?
Warm adaptation still ongoing? or reversible? (Higher
growth rate at optimal than high temperature (Fig.1))
-> Phenotypic plasticity? (Epi-)Genetic adaptation?
Initial increase in size for all selection lines could be due to
culturing method
Occurrence of smaller cells in one of the cold selection
lines could be due to genetic adaptations

32°C

Fig 3. Development of cell concentrations(purple) for lines
1-5 and average diameter for lines 1-4 (dark blue) and line 5
(light blue) at each transfer over generations for the 9°C
selection lines.

What is next?
Maximum growth curves - to identify shifts in the
optimal growth temperature
Cellular underpinnings of temperature acclimation:
RNA Seq - to identify temperature related, metabolic
differences

32°C

Selection Temperature
22°C

9°C

9°C

Assay Temperature
22°C

Fig 2. Specific growth rates for the Tp selection lines after 300
generations (N=15) group over all assay temperatures (9°C, 22°C
and 32°C). 9°C selection lines in blue, 22°C in green and 32°C in red,
beginning of the experiment in grey (N=15).

22°C and 32°C selection lines are acclimating to
temperatures
-> Phenotypic plasticity? (Epi-)Genetic adaptations?

Genome re-sequencing - to identify mutations that
Fig 4. Development of the photosynthetic
efficiency for 9°C (blue), 22°C (green) and
32°C (red) lines.

potentially aid temperature acclimation

Epigenome analysis - to identify epigenetic impact
on temperature acclimation
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