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    Abstract
Evolutionary theory predicts that clonal organisms are more susceptible to extinction than sexually reproducing organisms, due to low genetic variation and slow rates of evolution. In agreement, conservation management considers genetic variation as the ultimate measure of a population’s ability to survive over time. However, clonal plants are among the oldest living organisms on our planet. Here, we test the hypothesis that clonal seagrass meadows display epigenetic variation that complements genetic variation as a source of phenotypic variation. In a clonal meadow of the seagrass Zostera marina we characterized DNA methylation among 42 shoots. We also sequenced the whole genome of 10 shoots to correlate methylation patterns with photosynthetic performance under exposure to, and recovery from 27°C, while controlling for somatic mutations. Here, we show for the first time that clonal seagrass shoots display DNA methylation variation that is associated with variation in fitness-related traits: photosynthetic performance and heat stress resilience. The co-variation in DNA methylation and phenotype may be linked via gene expression because methylation patterns varied in functionally relevant genes involved in photosynthesis, and in the repair and prevention of heat-induced protein damage. A >five week epigenetic heat stress memory may heat-harden previously heat-exposed shoots. While genotypic diversity has been shown to enhance stress resilience in seagrass meadows, we suggest that epigenetic variation plays a similar role in meadows dominated by a single genotype. Consequently, conservation management of clonal plants should consider epigenetic variation as indicator of resilience and stability, and restoration efforts may benefit from stress-priming transplanted seeds or shoots.

Competing Interest Statement
The authors have declared no competing interest.
Footnotes
	In the earlier version of this manuscript we did not know whether the presence of somatic mutations may explain the postivie correlation between methylation differences and differences in photosynthetic performance. In response, we have performed whole-genome sequencing of 10 clonal heat-stressed seagrass shoots to correlate methylation patterns with photosynthetic performance while controlling for somatic mutations (1,079 SNPs). We can now show that epigenetic distance (in certain sequence contexts) correlated strongly with performance differences even after controlling for genetic distance. Also, while in our previous manuscript we emphasized too strongly that methylation variation in clonal seagrass meadow may be of evolutionary relevance, we now focus more on the potential that the epigenetic heat-stress memory persists at least long enough to potentially heat-harden the same generation of previously heat-exposed seagrass shoots.
Several figures and supplementary material has been updated.
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