Transgenerational Epigenetic Instability as a Source of Novel Methylation Variants
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Motivation and Background

Every cell that makes up an individual has the exact same genome and yet that individual is made
up of a whole host of different cells. To achieve this variety of cell types, organisms utilize a variety
of chemical modifications to DNA, which can be thought of as dials that selectively turn up or
down how much of that gene’s product is produced. For example, some of the genes that are
turned on in heart cells will not be turned on in liver cells and vice versa. Consequently, when a
heart cell divides, it needs to send a signal to its daughter cells about which genes should be on
and off. The term epigenetics is used to describe the inheritance of these kinds of non-genetic
modifications. An open question is whether or not changes in these modifications can vary over
time like mutations in DNA. Undoubtedly, if one picked any of these modifications and compared
them across two individuals there would be many differences. What makes this problem challeng-
ing is disentangling those differences from genetic and environmental effects that could have also
caused them. To overcome these challenges in an attempt to answer this fundamental question,
we turned to the model plant Arabidopsis thaliana and DNA sequencing technology.
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The epigenetic modification that we chose ? e s o
to focus on in this study is DNA methylation, P Y A e R e A R R PR
which is the addition of a methyl group to Y —

cytosines in DNA. To measure this modifica-
tion, we take advantage of a chemical

known as bisulfite, which will convert unm-
ethylated cytosines to thymines and leave

methylated cytosines (red Cs above) uncon-

verted. After this conversion, any remaining
cytosines detected by a DNA sequencing
platform should be methylated. We refer to

the sum total of these methylated cytosines

as the methylome.

For this study, we took advantage of an existing
population of plants that had been highly inbred
and is consequently very genetically similar. We
sequenced the methylomes of 5 individuals that
were 31 generations removed from the original
founder of this population and 3 individuals that
were only 3 generations removed from the
founder. To account for technical variability, we

these samples which were highly similar.
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With these methylome data, we were able to ask how different the
descendants were from the original founder. We called these differ-
ences single methylation polymorphisms (SMPs). Although most of

the cytosines in all of our individuals were either completely methy-

lated or unmethylated, a fraction of them varied between individu-
als. In the left panel above, gold bars represent sites of methylation.
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When we compared the SMPs from different individuals we found a striking
pattern. The more generations that separated two individuals the more the
also sequenced a biological replicate of each of methylation patterns at SMP sites differed. Above, dark red indicates more dif- leave open the intriguing possibility that these changes could

ferences.
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We expanded our search to look for differentially methylated re-
gions and found 72 regions. Interestingly, 14 of these regions fell
within protein-coding genes, and we looked at the correlation be-
tween methylation, expression, and small RNAs, which are known
to help direct DNA methylation. As can be seen above, the ab-
sence of methylation correlates with the expression of this gene
and with a loss of 24-nucleotide small RNAs. This result supports
the idea that these epigenetic changes can have an effect on
gene production and potentially an individual.

Conclusions

In the design of this experiment, we have tried to account for
genetic and environmental variability that could have led to the
changes we observed. Arabidopsis thaliana offered us a unique
opportunity to show convincing evidence that it is possible for
these modifications to vary across generations independent of
genetic changes. Furthermore, we were able to find examples of
these changes that had an effect on the transcriptional output
of some genes. Although no major phenotypic changes have
ever been observed in this population of plants, our results

be acted upon by evolution.



