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Is your DNA your destiny?

We inherit genes from both Mom & Dad, but yet for 
some of  these genes we express only the gene from 
one parent

Epigenetics: study of  heritable changes in gene 
expression that occur without a change in DNA 
sequence
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Epigenetics:

mediate the size of  an infant at birth

likely mediate how cigarette smoking in a 
grandmother can increase risk of  asthma in her 
grandchildren

why malnutrition at the time of  puberty in a male is 
associated with a 4-fold lower risk in Type 2 
Diabetes in his grandson



HOW DO WE ALTER 
THE EPIGENOME?
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Methylation occurs on Cytosine bases that are followed by a 
Guanosine (a “CpG”)
Most CpG sites in DNA are methylated (90-98%)
But there are some CpG areas where most of  the CpG’s are not 
methylated- “CpG islands”

DNA METHYLATION
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CpG Islands

CpG islands span the 5’ end of  the regulatory region 
of  genes

When the islands are methylated, gene expression is 
suppressed or silenced

CpG islands in the gene promoter region function as 
the critical switch that regulate gene expression
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SIGNAL AMPLIFICATION 
DOWNSTREAM

Methylated cytosines serve as docking sites for proteins 
that prevent transcription factors from accessing their 
binding sites on the gene promoter

These proteins are methyl-CpG binding proteins

1. MECP2

2. Kaiso family of  proteins
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HISTONE MODIFICATIONS

Functional interactions between histones 
and DNA are modulated by their 
methylation and acetylation status

DNA is tightly wound around histones and 
prevents access to transcription factors 
(TFs)

When modified by methylation or 
acetylation, these proteins loosen up and 
create gaps through which TFs can come in
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Histone DNA



CROSSTALK

Prior Phosphorylation Histone to Histone
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The methyl-CpG-binding proteins can now attract a variety of  other proteins
some of  which have enzymatic activity that can further modify neighboring 

histones
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IMPRINTING

Parental influence on the genome

For most genes we inherit two working copies

But on imprinted genes we inherit only one working copy

Imprinting is unique to mammals and flowering plants. In 
mammals, about 1% of  genes are imprinted
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Ligers & Tigons!



NUTRITION AND EPIGENETIC 
MARKS

DNA and histone 
methyltransferases all use              
S-adenosylmethionine (SAM) as 
the methyl donor

SAM is formed from methyl groups 
derived from choline, methionine, 
or methyl-tetrahydrofolate
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FOLIC ACID, SAM AND 
METHYLATION



GENE EXPRESSION
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SNPs

Genetic variations in genes of  methyl metabolism can change 
epigenetic marks on DNA

There are multiple SNPs in genes of  methyl-group metabolism 
that change human dietary requirements for methyl donors

Nutrigenetics 



 Nutrition related SNPs

MTHFR C677T SNP- a common variant increases folate requirement

PEMT

Choline is either derived from diet or by de novo biosynthesis 
catalyzed by an enzyme coded by the PEMT gene

Estrogen upregulates PEMT gene activity

However even in non-menopausal women where there’s 
adequate estrogen to induce PEMT, studies have shown that 
even these women have organ dysfunction when deprived of  
choline

SNP variant in PEMT promoter region- choline deficiency in diet 
resulted inorgan dysfunction
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LATER EFFECTS?

Grandfathers who lived their preteen 
years during times of  plenty were more 
likely to have grandsons with diabetes

Equally notable was that the effects were 
sex specific. 

A grandfather's access to a plentiful 
food supply affected the mortality 
rates of  his grandsons only, not those 
of  his granddaughters, and a paternal 
grandmother's experience of  feast 
affected the mortality rates of  her 
granddaughters, not her grandsons.


