Characterizing DNA methylation patterns in the Pacific oyster (Crassostrea gigas)

Abstract Notes
DNA methylation is an epigenetic mechanism that cells use to control gene expression.  Epigenetic variation in DNA methylation provides an evolutionarily and ecologically important source of phenotypic variation among organisms.  Epigenetic changes represent an important process by which environmental factors influence an organism’s gene expression, both within an individual and across generations.  
This research increases our understanding of the evolution of DNA methylation in invertebrates, using C. gigas as a model aquatic organism.  Our study represents the first attempt to characterize genome-wide methylation of C. gigas. 
We have determined DNA methylation patterns in C. gigas sperm cells using whole-genome bisulfite sequencing.  This approach was used to determine genome-wide methylation patterns and assess how specific DNA methylation patterns influence transcriptional activity.  Our findings provide a comprehensive characterization of the mechanisms associated with DNA methylation.


Introduction 
Epigenetics describes DNA modifications that change gene expression without altering the underlying nucleotide sequence. This includes DNA modifications by methyl groups and histones. DNA methylation in particular is established to change gene expression as an adaptive mechanism in response to environmental changes.  DNA methylation involves the addition of a methyl group to a cytosine pyrimidine ring or an adenine purine ring.  These methyl groups project into the major groove of DNA and effectively inhibit transcription (Baylin, 2005). The distribution and function of DNA methylation is diverse both within and among phylogenetic groups.  DNA methylation has been well studied in vertebrates and mammals, however it remains understudied in invertebrates with limited information on DNA methylation, particularly in mollusks.  
Although the genome may appear stable, it is constantly reacting to the environment by incorporating stable changes in the DNA sequence over generations. Epigenetic modifications of the genome provide a mechanism that allows the stable propagation of gene activity states from one generation of cells to the next (Jaenisch and Bird 2003).  Furthermore, a growing body of literature suggests the role of epigenetic factors in the complex interplay between genes and the environment (Ling and Groop 2009). Environmental factors have been known to trigger epigenetic changes (Anway et al. 2005). The epigenome therefore serves as an interface between the dynamic environment and the inherited static genome (Szyf 2007). The regulation and characteristics of DNA methylation remain enigmatic although it has been implicated in a range of processes like genomic integrity, X-chromosome inactivation, genomic imprinting, transposon silencing and diseases including cancer and cardiovascular disorders (Sati 2012).  Therefore, it is imperative to resolve DNA methylation distribution patterns at the genomic level in order to understand these processes.  
The amount and location of methylation occurring in organisms is extremely diverse and variable among species.  It has been previously proposed that limited methylation may contribute to increased phenotypic plasticity in highly fluctuating environments (Roberts and Gavery 2012). Methylation most often occurs as part of C-G nucleotide pairs.  In mammals, 70-80% of CpG nucleotides are methylated (Bird, 1980), which is a pattern referred to as global methylation.  Invertebrates, however, display a wide range of DNA methylation, from very limited methylation in Drosophilia melanogaster (Gowher 2000) to a fractional or mosaic pattern of methylation in the sea urchin Strongylocentrotus purpuratus (Bird, 1979).  Considering the significant diversity of DNA methylation across taxa, it is likely that methylated areas have different functions between organisms.  The variety in organismal DNA methylation patterns furthermore highlights the possibility that different methylation distributions may reflect different functions. As methylated cytosines are susceptible to spontaneous conversion into thymines through chemical deamination, they tend to be generally underrepresented in the genome and they are often grouped in dense patches termed CpG islands (Bird, 1980).  CpG islands are frequently associated with promoters, and the regulation of promoter methylation has been shown to affect the expression of the corresponding transcripts (Krueger, 2012). 
The Pacific oyster Crassostrea gigas is exposed to environmental variations including changes in temperature, pH, and oxygen levels.  C. gigas lives at a range of tidal heights and routinely encounters large seasonal fluctuations in temperatures (Hamdoun et al. 2009).  C. gigas spends time both above and underwater, so understanding mechanisms of coping with a static environment would prove to be useful information.  Due to the physical characteristics of water, the aquatic environment can be extremely stressful to its inhabitants.  In general, the high specific heat and thermal conductivity of water ensures that the majority of aquatic organisms will have body temperatures equivalent to their surroundings (Feder and Hofmann, 1999).  Withstanding such variable environmental conditions requires implementation of synchronized responses to cellular stress. However, we lack a full understanding of the mechanisms underlying this response in oysters, or whether these mechanisms are conserved between oyster species (Gavery and Roberts 2010).  
[bookmark: _GoBack]C. gigas is an excellent model for studying environmental effects on genetic modifications because its life history characteristics make it a key bioindicator species and because genomic resources for this species have recently become available with the release of the Pacific oyster genome (Zhang et al. 2012).  C. gigas is also one of the few invertebrates with traits established to vary in response to the environment, which suggests epigenetic modifications.  Elucidating the functional significance of DNA methylation in C. gigas may prove valuable for understanding the effects of environmental stress in aquatic organisms (Gavery and Roberts, 2010).  Due to the limited knowledge of methylation in invertebrate and particularly aquatic species, it is important to examine genome-wide methylation and the processes associated with methylated areas in the C. gigas genome.  C. gigas was used as a model organism to provide an in-depth examination of genome-wide DNA methylation. Our results demonstrate a relationship between methylation location and gene function, suggesting that DNA methylation performs important regulatory functions in C. gigas. 
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