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Epigenetic variation in populations
· Health and lifespan within cohorts of mammals depend on diff factors like diet, lifestyle, genetics, epigenetics
· Can control for genetics, diet, lifestyle in rodent studies, yet still have diff lifespans
· Epigenetic determined traits likely vary across a range in a population even though it’s hard to observe/quantify this 
· Epigenetic and enviro interactions can be studied w little confounding genetic + enviro variation by using inbred mice
DNA methylation and epigenetics
· In mammals, higher plants/birds/reptiles/fish and some fungi, DNA methylation affects some aspects of genome control
· Suppression of expression by intragenomic parasites such as endogenous retroviruses (ERVs)
· Inactivation of X chromosomes 
· Silencing of genes including many showing genomic imprinting and epigenetic inheritance 
· 5-MC (5-MC = methylated form of DNA base cytocine) is the best characterized epigenetic mechanism in mammals
· Necessary for mammalian development 
· Mechanism hinges on substrate’s methylase preference 
· At DNA replication fork, the daughter duplexes are fully methylated, duplicating paternal pattern
Methyl metabolism and 5-MC
· Methyl of 5-MC can come from one-carbon metabolism, or preformed in diet
· Folate or folic acid for metabolism
· Betaine and choline (preformed methyl) from diet
· Methionine, zine, B-12: intermediates and cofactors for transport and transfer of methyl groups
· Studies show that levels of 5-MC are dependent on nutritional factors such as dietary folate, methionine, and choline
The yellow agouti mouse: epigenetics linked to coat colour
· Epigenetic variation in expression of the agouti gene seen in mice with the viable yellow allele (Avy) of agouti
· Expression of agouti in the Avy allele = driven by endogenous retrovirus LTR (specifically LTR of an intracisternal A particle sequence)
· Leads to CONSTANT (rather than cyclic) expression and is ECTOPIC (ie in all tissues studied rather than just in just hair follicles)
· Failure to suppress the Avy gene during development  agouti gene is ectopically overexpressed later in life
· High levels  yellow/yellow mottled (unever spots) coat, altered metabolism and obesity from young age, adult diabetes, increased cancer susceptibility and twice the mortality seen in normal mice by age 2
· Mice w Avy allele: have a spectrum of coat colour patterns 
· Phenotypes defined by degree of mottling 
· Study uses Avy/a mice rather than Avy/Avy mice bc Avy/Avy mice are almost entirely yellow
· Viable yellow mice = model to manipulate epigenetics and observe epigenetic phenotypes (coat colour) and associated molecular events (DNA methylation of Avy allele)
THIS STUDY: seeing how maternal diet affects distribution of epigenetically determined phenotype and DNA methylation in offspring
· Mice phenotypes defined by Y0-Y5, with Y0 being normal and Y2-Y5 = very mottled – mottled – less mottled - all yellow
Results
· Increasing levels of methyl supplement in mother = shift in distribution towards phenotypes w more agouti coat (more normal, on the Y0/Y1/Y2 end  combined black and yellow pigment in hair) in offspring
· Show that epigenetic phenotypes are strongly correlated w LTR DNA methylation 
Discussion
· Epigenetic variation likely a key factor in health and longevity, hard to observe/quantify the effects of diff diets/lifestyles, could contribute to individual variation in longevity 
· Shift in distribution of epigenetic variation after maternal methyl supplementation  raises possibility that distribution of health variation in populations could be shifted or improved
· In the future: identifying human sequences involved in epigenetic variation  can determine epigenetic phenotypes  predict disease susceptibility via measuring DNA methylation of specific sequences
· There are epigenetic components of human diseases, cancers that appear later in life (Prader-Willi, Angelman, childhood cancers, diabetes)
DNA methylation variation in mammals
· Insufficient Me  disease in humans, lowered survival in mice
· DNA Me declines w age in mice
· Findings in mice could lead to improved maternal nutritional balances to improve health and lifespan of humans
