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Basic definitions 

Nutrigenomics ς analyzes the 
effects of bioactive food 

components (nutrients and non-
nutrients) on gene expression 
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Basic definitions (cont.) 

From a nutrigenomic perspective bioactive food components are 
dietary signals that are detected by the cellular sensor systems 
(e.i. PPARɹ and RXR receptors) that influence gene expression, 

protein synthesis and metabolite production.  
 

From this point of view genes are dietary targets. 
 

Patterns of gene expression, protein synthesis and metabolite 
production in response to particular nutrients can be considered 

as dietary signatures. 

Vitamins Fat 



Basic definitions (cont.) 

 Nutrigenomics seeks to 
examine these dietary 
signatures in specific 
cells, tissues and 
organisms and to 
understand how 
nutrition influences 
homeostasis. 
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DIET Genotype 

Phenotype 
Health  

or  
Disease 

Nutrigenomics aims also to identify the genes that influence the 
risk of diet-related diseases on a genome -wide scale and to 
understand the mechanisms that underlie these genetic 
predispositions. 



Basic definitions (cont.) 
Nutrigenetics ς analyzes the 
effect of genetic variation on 

dietary response 

 Genetic variation between 
individuals results from 
numerous differences in 
nucleotide sequences within 
their genome:  

 single nucleotide 
polymorphisms (the most 
common form of genomic 
variation: in the human 
genome > 10 millions SNP)  

 copy number variations (CNV), 
deletions-insertions of single 
nucleotides or gene fragments,  

 substitutions and inversions.  
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CVD Risk Factor Gene  SNPs Genotype 

Lipids  APOAI -трDҦ! GA 

Lipids APOC3 омтр/ҦD GG 

Lipids APOE 2ʁ, ʁ 3, ʁ 4 2, 3 

Lipids CETP нтфDҦ! GG 

Blood pressure ACE Ins/Del ID 

Blood pressure AGT -с/Ҧ! AA 

Infammation IL1B -рмм/Ҧ¢ TT 

Inflammation IL6 -мтпDҦ/ GC 

Methylation (folate) MTHFR стт/Ҧ¢ TT 

Methylation (B12) TCN2 ттс/Ҧ¢ 
 

CT 

Nutrigenetic analysis of SNPs within some CVD-related genes  

CVD ς cardiovascular diseases 
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Copy-number variations (CNVs) are 
alterations of the DNA of a genome that 
results in the cell having an abnormal 
number of copies of one or more sections of 
the DNA. This variation accounts for roughly 
12% of human genomic DNA and each 
variation may range from about one kilobase 
(1000 bases) to several megabases in size. 
CNVs contrast with SNPs, which affect only 
single nucleotide. 
 
Alleles containing 0-13 active gene copies 
have been described, and one can assume 
that copy number variation may account for 
even 25% individual variation in response. 
 
 

Duplicated 
region 

Before duplication 

After duplication 
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http://upload.wikimedia.org/wikipedia/commons/7/72/Gene-duplication.png


Mechanisms by which nutrients influence gene expression: 

1. Regulation of transcription factors and transcription process 

DNA  

mRNA  

Proteins :  
enzymes , 
receptors , 
transporters  

promoter  gene  

Regulatory sequences  in  DNA  

Bioactive  food   

components  



Mechanisms by which nutrients influence gene 
expression:  

2. Regulation of chromatin structure and DNA 
susceptibility to transcriptional machinery 

(how certain genes are switched on or switched off ς 
nutri-epigenetics) 

Transcription possible 

Transcription inhibited 

Gene switched on: 
Active chromatin 

unmethylated cytosines 
Acetylated histones 

Gene switched off: 
Silent chromatin 

Methylated cytosines 
Deacetylated histones 
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The two main components of the epigenetic labeling : 

DNA methylation: 
methyl marks added to 
one od DNA bases 
(cytosine) repress gene 
activity 

A combination of 
different molecules 
attached to the αtailsέ 
of histones alters 
activity of the DNA 
wrapped around them. 

DNA strand 

Histone modification 

DNA methylation 

Nucleosome 

Acetylation 

Phosphorylation 
Methylation 
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Histones 



Folate-rich diet influences DNA methylation process and can switch off some 
critical genes. Folate and vitamin B12 contribute to generating 5-
methyltetrahydrofolate (5-MTHF), which provides the methyl group for 
synthesis of methionine and SAM, the universal methyl donor of biological 
methylation. DNA methylation inhibits gene expression. 

MTHFR 

How do dietary factors affect DNA methylation processes?  

Diet 

Folate Some polyphenols 

Methionine SAM Unmethylated 
DNA 

Methylated 
DNA 
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D. C. Dolinoy, J. R. Weidman, R. A. Waterland, R. L. Jirtle: (2006) Environ Health Perspect 114: 567ς572  

Methylated AIAP allele 

Unmethylated AIAP allele 

A allele (wild type) 
Normal - 
brown 

Normal - 
brown 

Yellow color, 
obesity tumor 
susceptibility 

Folate -rich diet of mother-mouse results in 
methylation of the IAP sequence in the 
genome of the offspring and the agouti  
gene silencing. Result: brown color of child 
coat.  
 
Folate -deficient  diet of mother-mouse 
results in hypomethylation of the IAP 
sequence and active agouti gene leads to a 
yellow coat color, obesity and tumors. 
 

IAP 



Oxidative stress  
Calorie excess 
Nutrient deficiency or 
excess 

DNA strand breaks 
DNA hypomethylation 
Telomere shortening 

Lymphocytes with 
damaged or unstable 
genome 

Mechanisms by which nutrients influence gene expression:  

3. Prevention of DNA damage 

Michael Fenech, CSIRO Preventive Health National Research Flagship 

The micronucleus assay in cytokinesis-blocked lymphocytes is currently 
the best validated biomarker for nutritional genomic studies of DNA 
damage. 



 
 

Moderate folate deficiency within the physiological range causes as 
much DNA damage in cultured lymphocytes as ten times the annual 
allowed limit of exposure to X rays 

The typical plasma folate concentration is only 10ς
30 nmol/L, a level adequate to prevent anemia but 
insufficient to minimize chromosomal damage. 

Level of micronuclei 
indicates severe 
 DNA damage 

Michael Fenech, CSIRO Preventive 
Health National Research Flagship 


