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FROM GENETICS TO GENOMICS

ºGenetics is a young science, genomics is younger still

º The term genome was coined in 1920, to refer to a 

complete set of chromosomes and its genes

º The term genomics was coined in 1986

· Indicates the study of genomes



NUTRIGENOMICS

º Two related terms often used interchangeably:

ºNutrigenetics: the study of how individual 

genetic variation (genotype) can affect 

susceptibility to diet 

· Personalized nutrition

ºNutrigenomics: the study of how diet influences 

gene transcription, protein expression and 

metabolism

· Systems biology which includes:

· Genomics (gene analysis)

· Transcriptomics (gene expression analysis)

· Proteomics (global protein analysis)

· Metabonomics (metabolite profiling)



THE HUMAN GENOME PROJECT

º The idea to sequence the human genome emerged in the 

1980s with several goals

ºOfficially started in 1990

· $3 billion, 15 -year project

· Under the direction of the DOE and NIH

ºDraft of the human genome in 2001

º Finished sequence in 2003

ºRepresents the work of thousands of researchers in an 

international collaboration



GENETIC VARIATION

ºAllele : an alternative form of a gene (one 
member of a pair) that is located at a specific 
position on a specific chromosome

ºPolymorphism : a variation in the DNA that is 
too common to be due merely to new mutation. 
· A polymorphism must have a frequency of at least 1% in 

the population.

ºSNP : a single -nucleotide polymorphism
(òsnipó) is a DNA sequence variation occurring 
when there is a single nucleotide difference 
between members of a species.
· Individual 1: AAGC CTA  (allele C)

· Individual 2: AAGC TTA   (allele T)



GENOME -WIDE ASSOCIATION STUDIES

ºOlder techniques search for known gene variants, 

typically in only a few people

ºSequencing of the human genome and the HapMap 

project (which identifies SNPs) have led to a new tool

ºGenome-wide association studies seek correlations 

between SNP patterns and phenotypes in large groups 

of individuals



ºGenome-wide association studies seek SNPs that 

are shared with much greater frequency among 

individuals with the same trait than among others



HOW MIGHT YOUR DIET INFLUENCE YOUR GENES ?

HOW MIGHT YOUR GENES INFLUENCE YOUR NUTRITION ?
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HOW MIGHT YOUR DIET INFLUENCE YOUR GENES ?

HOW MIGHT YOUR GENES INFLUENCE YOUR NUTRITION ?

º 1) Dietary components may alter gene expression 

(Nutrigenomics )

º 2) Diet can be a risk factor for disease

º 3) Some diet-regulated genes may affect incidence, onset 

and progression of chronic disease

º 4) The degree of the dietary impact on the health/disease 

balance may depend the individual's genetic makeup 

(Nutrigenetics )

º 5) Dietary intervention adapted to individual nutritional 

requirements, nutritional status and genotype may prevent 

or mitigate chronic disease



NUTRIGENOMICS

º Gene-environment interactions in the determination of 

health and disease 

º The genetic basis for the variable responses to diet and 

lifestyle factors in chronic conditions (e.g. cardiovascular 

disease, obesity, diabetes, cancer)

º Recent advances in nutrigenomics studies are owed to the 

completion of human genome project and the new biomics 

technologies

· simultaneous determination of the expression of many thousands of 

genes at the mRNA (transcriptomics)

· metabolites (metabolomics)

· protein (proteomics) levels (by two -dimensional gel electrophoresis)

º Genomic and transcriptomic studies are mostly conducted 

by DNA microarray technologies



M ICROARRAY TECHNOLOGY

ºA microarray is a tool for analyzing gene 

expression that consists of a small silicon or glass 

slide containing samples of many genes arranged 

in a regular pattern.

ºVia a conventional DNA hybridization process, 

the level of expression/activity of those genes is 

measured

ºData are read using laser -activated fluorescence 

readers

ºThe process is òultra-high throughputó 

ºAffymetrix Genechip 

· high density arrays of oligos, 1.28 -cm by 1.28-cm 

(409,000 oligos)



WHY USE MICROARRAYS TO STUDY THE

INTERACTION OF NUTRITION AND GENETICS?

ºMicroarray can be used to examine the 

expression of hundreds or thousands of genes at 

once 

ºWhat genes are active/inactive in the 

experimental group vs. control group?

º Which genes have increased/decreased 

expression in the experimental group vs. control 

group?

º Which genes have biological significance?



WHY ANALYZE SO MANY GENES?

º 10% of the human genome has been studied at 

the level of gene function

º Thousands of genes remain without an assigned 

function 

ºPatterns/clusters of expression are more 

predictive than looking at one or two prognostic 

markers

º Increased accuracy/confidence



TYPES OF DNA M ICROARRAYS

º I. Microarray gene expression analysis

· Allows for detection of genome -wide expression 

patterns

º Transcriptomics (mRNA)

º II. Microarray Comparative Genomic 

Hybridization

· Allows for detection of genomic gains or losses; or loss 

of heterozygosity

ºGenomics (DNA genome)

º III. Microarray Polymorphism Analysis

· Allows for detection of single nucleotide 

polymorphisms (SNPs)



MONITORING GENE FUNCTION

ºExtracted mRNAs are 

extracted from the samples 

º cDNA is synthesized, 

labeled and applied to the 

microarray

ºPattern and color intensities 

of the spots indicate which 

genes are expressed

ºA laser scanner detects and 

computer algorithms 

interpret the results 

ºAssumption:

·Gene expression =mRNA

DNA 

mRNA 

protein 
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DESIGNING A M ICROARRAY EXPERIMENT



DESIGNING A M ICROARRAY EXPERIMENT

º 1. Aim of the experiment:  What questions are being asked? 

· Results from previous studies. This will provide an idea whether 

to expect a few or many changes between genes expression. 

· Verification methods including QRT -PCR, Northern/Western 

analysis, In -situ hybridization, knock -out studies etc. 

º 2. Choice of sample and microarray chip. 

º 3. Sample preparation: 

· mRNA extraction, cDNA synthesis, IVT and array hybridization

º 4. Scanning: data collection

º 5. Quality Assessment

º 6. Statistical analysis and data mining



MANUFACTURING A M ICROARRAY

ºEach spot on a microarray contains multiple 

DNA oligonucleotides

ºAn oligonucleotide, (òoligoó) is a short fragment of 

a single -stranded DNA that is typically 5 to 50 

nucleotides long

º The DNA sequence on each spot is unique

ºEach spot represents one gene

º Thousands of spots are arrayed in orderly rows 

and columns on a solid surface 

º The precise location and sequence of each spot is 

recorded in a computer database





COMPARISON OF DNA MICROARRAY

PLATFORMS

Platform cDNA glass slide Affymetrix Gene Chip

Design
cDNAs or PCR products spotted on 

glass slide

Series (11ð20) of 25-mer oligonucleotides 

with mismatch controls, synthesized on 

silicone chip

Sensitivity One in 50 000ð100 000 One in 300 000

Minimal amount of RNA 

needed
10ð50 g 3ð5 g

Advantages
Easy to produce

Flexible to include new genes

Reproducible

Reliable data because of multiple probe 

design

Standard platform allows comparison with 

data from others

Disadvantages

Reproducibility sometimes 

problematic

Poor signals due to inefficient 

generation of ssDNA products

Comparisons with other 

researchers problematic (no 

standard format)

Expensive

Impossible to make one's own arrays

Typical applications Comparisons of two samples

Comparisons of multiple samples requiring 

individual data sets or requiring multiple 

analyses on each data set





Biological question

Differentially expressed genes

Sample class prediction etc.

Testing

Biological verification 

and interpretation

Microarray experiment

Estimation

Experimental design

Image analysis

Normalization

Clustering Discrimination



AFFYMETRIX PLATFORM : GENE CHIP ®

http://www.affymetrix.com



M ICROARRAY DATA ANALYSIS

Pseudo -color
Low signal High signal


