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Nutrigenetics- Concepts of genetic studies in 

Nutrition



▪ Nutrigenetics identifies how genetic variability (i.e. 

differences in our DNA sequence) affect the response to 

and the bio-availability or activity of dietary nutrients. 

NutriGenetics
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▪ Nutrigenomics
▪ The study that investigates

– How your nutrition affects the expression of your genes and vice versa

– How subsequently your genes control your health

NutriGenomics: A Definition
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Genetic factors may influence nutrients on 

multiple levels

Page 5

Micronutrients:

• Absorption

• Activity

• Clearance

Bioactives:

• Absorption

• (In-) Activation

• Clearance
Nogueira et al. Polymers, 2020 

Macronutrients:

• Digestion

• Transport

• Clearance



Factors contributing to variable (micro-) 

nutrient levels at similar intake levels.
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Genetic factors can influence nutrient levels (at 

identical intake levels).

*NHANES nutrition survey 2012-018

Recommended 
daily intake (RDA)

30%

Vitamin B12 blood levels correlate poorly 
with intake

Blood levels of B12 are influenced by many 
different genetic Variants (SNPs) 

synergistically 

One phenotype (e.g. type 2 diabetes, height, 
vitamin B12 levels), many SNPs

Vitamin B12 1 Variant        4 pg/ml decrease

26 Variants 104 pg/ml 

decrease



Gene variants affect key proteins involved in vitamin 

B12 transport and absorption

Source: Grarup et al. Genetic architecture of 

vitamin B12 and folate levels. PLOS 

Genetics, 2013

I

F

• Low responders do not reach sufficiency, 

even at extreme high (single) doses of B12;



Genetic factors contribute to define our individual 

nutrient intake needs to reach sufficient (blood-) 

levels.
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Borel & Desmarchelier. Annual Review of Nutrition. 2018



Genetic markers to identify genetic variation influencing 

phenotypic traits

A genetic marker is a variable site in the genome characterized by it’s 

nucleotide composition, position and frequency

- Very informative (high heterozygosity)

- Difficult to analyze

- Sparsely distributed

- Very abundant 

- Easy to analyze

- Low informativity (max. 50% Hz)



Characteristics of Single Nucleotide 

Polymorphisms
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https://www.ncbi.nlm.nih.gov/snp/
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Mutation

Peltonen and McKusick, Dissecting Human Disease in the Postgenomic Era

Science Feb 16 2001: 1224-1229

Loss of function mutation

- base pair change

Linkage

studies ID’d
genes

Monogenic Trait (phenotype)



Inheritance Pattern

(complex)  

A

B

C

D

Peltonen and McKusick, Dissecting Human Disease in the Postgenomic Era Science Feb 16 2001: 1224-1229

Allelic

Variations

Common disease/

common variants

Several

genes

Polygenic Trait



130%
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Peltonen and McKusick, 

Science Feb 16 2001: 1224-1229

Variants in

A, B, C, D

genes
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Polymorphisms (SNPs)

in

A, B, C, D

genes

Complex Disorder
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To summarize: 

Most nutritional phenotypes are complex, due to polymorphisms in many 

different genes (loci).

The impact of each polymorphism on the phenotype is usually small but the 

combined impact can be large.



Linkage Disequilibrium

SNP 1

SNP2

SNP3

SNP4

SNP5



Genotyping arrays for whole genome association 

studies – tag SNP selection & imputation

17

LD maps allow to:

a) genotype only a 

limited number of tag 

SNP’s to capture 

most information;

b) To impute 

genotypes of 

unobserved SNPs

SNP 1: C – T (65 – 35)

SNP 2: A – G (62 – 38)

R2= 0.87

P (A⏐ C or T)

P (G⏐ C or T)



Dichotomous (qualitative) trait association studies
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…in reality we will use methods like logistic regression that allow to adjust for co-

variates (e.g. sex, age, genetic background)

People with Disease (cases) People without Disease (controls)

Genotype With Disease Without disease Total

Allele- C 6 2 8

Allele- T 5 9 14

11 11

Χ2 = 5.38

p< 0.025



▪ A quantitative trait has numerical values that can be 

ordered from lowest to highest;

▪ The values can be discrete or (more often) can be 

continuous. Most genetic association studies use 

continuous variables;

▪ Examples: cholesterol levels, blood pressure, weight, 

height, glucose levels, vitamin levels…

Quantitative trait association analyses: What is a 

quantitative trait?
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The basics: Quantitative trait values differ with 

genotype

20

From: Janet Sinsheimer; Human Genetics, Biomathematics and Statistics

P< 0.05



▪ More power than dichotomized traits i.e. fewer individuals 

are needed for the analysis;

▪ Genotype – phenotype relationship may be more direct 

(higher effect sizes) i.e. a disease may be the product of 

multiple affections like gene – environment interactions 

that may differ between people resulting in heterogeneity;

▪ In nutrition we’re mostly interested in quantitative 

outcomes on nutrients (e.g. vitamin levels).

Quantitative trait association analyses: Why use 

them?

21



▪ In reality we will not test just one or two genetic 

variants(SNPs) for an asociation but will test hundreds of 

thousands of SNPs in a large number of subjects 

(thousands) in parallel.

▪ The most comprehensive data base of huamn GWAS 

studies is the GWAS catalog (www.ebi.ac.uk/gwas/)

Genome Wide Association Studies (GWAS)
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Looking at GWAS data
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Beyond the p-value: Estimating effect sizes

P-value= determines the likelyhood of the null hypothesis (i.e. there is no 

association) being true. The smaller the p-value the less likely is the null 

hypothesis or in oher owrds the more likely your association is true.

OR or beta (for quantitative traits)= estimates the effect of the allele. E.g. an 

OR of 2 for a disease trait means that the risk to get the disease given the 

genetic risk variant is increased 2-fold.

For quantitative traits the beta-coefficient corresponds to the average 

change in trait value per allelle 



Caveats of genome-wide association studies

259/29/2025

How do I know if my 

associations are 

real?

Did I identify all the 

genetic loci 

contributing to my 

trait?

What is the biological 

relevance of my 

findings?



▪ Genetic marker not associated with trait of 

interest but highly significant association is 

observed;

▪ Population stratification happens when allele 

frequencies differ between groups with and 

without the trait (example case – control groups) 

without being associated with the trait.

Caveats of association studies:

Population stratification

269/29/2025
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Facts & Challenges Human migrations



Geographical Genetics

14 Major ancestral groupsHuman Populations

Tishkoff et al, Science on line.  30 April 2009



Novembre et al Nature 456, 98 (2008)

Facts & Challenges  Genetic Diversity



Caveats of association studies:

Multiple testing problem

319/29/2025

BUT…

• The more markers we test, the 

greater are the odds to 

observe a significant p-value 

by chance

• Hence we need to adjust our 

results for the number of tests 

we have performed;

• The simplest adjustment is the 

Bonferroni correction= 

pvalue/number of tests

• Example: 1000 markers tested:

New significance threshold 

p= 0.05/1000= 0.00005



Caveats of association studies:

Multiple testing problem

329/29/2025

If we test hundreds of thousands of markers, the threshold becomes an

important obstacle for trait locus identification



Limitations of GWAS studies

339/29/2025

GWAS studies identify genetic loci NOT genes



Be careful when citing gene names in association 

studies….
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…remember association identifies loci- not genes!
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Limitations of GWAS studies

36

GWAS studies identify genetic loci NOT genes

So how can we get from a locus to 

identifying the causal variant and gene 

responsible for the association signal?
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How to estimate deleteriousness of SNVs to 

prioritize disease-causal variants ?

“Needles in stacks of needles: finding 

disease-causal variants in a wealth of 

genomic data” (Cooper & Shendure, 

Nature Rev. Genet. 2011):
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“Needles in stacks of needles: finding disease-causal 

variants in a wealth of genomic data (Cooper & Shendure, 

Nature Rev. Genet. 2011):

• Comparative genomics / cross-species conservation

• Reporter assays

• Experimental or publicly available data on functional 

variants:

• Transciption Factor binding sites TFBS (in silico / 

Chromatin Immunoprecipation (ChIP)

• Epigenomic marks (histone modifications, Dnase seq, 

ATACseq)

How to estimate deleteriousness of SNVs to 

prioritize disease-causal variants ?
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Gene

GWAS

region

Gene

GWAS

region

Digestion

Promoter

Enhancer
Ligation

Reverse 

X-link

3C DNA 

Pool

~750 kB

Sonication

~200 bp

Sequencin

g Adapters Capture
B

B

Streptavidin

PCR

Sequencing

Double Capture for further enrichment

Adapted from: Davies et al. (2016) Nat Methods

Chromosome Conformation Capture (3C): 3D 

architecture of a GWAS Region

NextGeneration-Capture HiC assay



Functional validation of GWAS hits using high 

throughput animal model techniques
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GWAS region of interest

Determine all genes in interval of 

interest e.g. by LD



Phase 1 Phase 2

GWAS hits (obesity)

Target genes (90)

     75 fly homologues + 20 positive controls

Actin-Gal4

Weight
UAS-RNAi

3 wks
(5x)

Lean/Obese 

Hits

Nutritional Response

Fly knockdown lines

• High sucrose

• Starvation

Functional validation of GWAS hits using 

Drosophila melanogaster ko models



Determine mutants with GWAS related phenotypes

          

      
• Example: MTCH2 (mt carrier 2): 

• Lower expressed in AT in Cases vs Controls

• OXPHOS repressor

• associated with increased BMI in humans 

• Example: EFR3B (regulator of PI4K):

• Intronic SNP associated with weight phenotype

• Brain-specific expression

Starvation
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Example: Functional validation of GWAS hits using 

Drosophila melanogaster ko models
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Expression quantitative trait locus (eQTL) analysis: identify 

genetic variants that significantly contribute to the variation in 

RNA expression abundance

▪ eQTL analysis combines gene expression data with the SNP data for an 

associated locus

▪ In an eQTL analysis we perform an association analysis between the SNPs 

in a genetic location and the mRNA expression levels for the genes 

surrounding that locus. 

▪ If the alleles for a given SNP show different level of expression for a 

surrounding gene, we can assume that this SNP is directly having an effect 

on the gene expression and hence has a functional impact as is a likely 

functional candidate for the initial association signal.



eQTL analysis of

Select SNP’s from positive GWAS signal Determine gene expression levels in genes 

surrounding the GWAS locus

Combine data and perform association analysis between 

SNPs and expression levels

SNP alleles associated with 

differential expression of a specific 

gene in the GWAS region 

=

Functional SNP for that gene



Expression quantitative trait locus (eQTL) analysis: Limitations 

& in silico approaches

▪ In human intervention studies we often have tissue samples only from few, 

easily accessible tissues like blood, muscle, adipose tissue. Thus we rely on 

the functional GWAS gene being expressed in the available tissue. 

▪ Often we have no tissue samples at all available to perform gene expression 

experiments on the study samples. 

In those cases we can try to use in-silico approaches to identify potential 

SNPs that are eQTLs for the genes in a GWAS region.



Example: in silico eQTL mapping using GTEx 

(https://www.gtexportal.org/home/)

Enter your SNP (or 

SNP list) of interest 

Significant eQTL

SNPs appear colored

This SNP is an eQTL

for the CPS1 gene

In this example using GTEx identified 

the same eQTL SNP that we could 

also identify using expression data 

from the study samples



Can I predict the 

outcome/value of a 

trait in a person?

In Nutrigenetics we would like to predict:

▪ The reaction of a person to food or nutrients (e.g. food intolerances like 

gluten intolerance;

▪ The change in interaction of nutrinets (and/or other molecules) due to 

genetic variation (e.g. changes in bio-availability, nutrient-drug 

interactions;

▪ The quantitative impact of genetic variation on nutrient status

PERSONALIZED NUTRITION



▪ Observational studies (case-control, cohort studies)

▪ Large sample sizes, but

▪ Heterogenous information about dynamics in the population,

▪ Environmental factor including diet intake parameters not well controlled

▪ Can be cross-sectional or longitudinal

▪ Clinical Intervention (experimental) studies (RCT, cross-

over)
▪ Well controlled for nutritional parameters,

▪ Capture changes during the intervention, but

▪ Duration limited (long term),

▪ Difficult to obtain large sample sizes

▪ Can be homeostatic or responsive

How do we study nutrigenetic effects in 

humans?
Can identify genetic variants 

that influence nutrient and 

nutrient-metabolite levels

Can elaborate the  effects of 

genetic variants on nutrient 

intake 



Lifestyle Diet Nutrients MACROnutrients

microNUTRIENTS

Vitamins – essential nutrients, cofactors

Fatty Acids- they store energy form compartment structures and 

send signals

Amino Acids – signalling, building blocks

Minerals – trace elements, cofactors

Genetics influences the abundance, metabolism 

and function of…..



▪ Gluten;

▪ Lactose;

▪ Caffeine….

Genetic variants influence susceptibility to food 

sensitivities
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Genetic variation effects on nutrient metabolism: 

caffeine

54

CYP1A2

rs2472297 T-allele is 

associated with slow 

caffeine metabolism
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CYP1A1 CYP1A25'-TGNGC/TGTGACG/CA-3

*AHR response element

AHRAHR

*Aryl-hydrocarbon receptor
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Environment dependent genotype effects:

vitamin D levels

56
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Complex genetic effects: Vitamin A metabolism

57

(rs12934922) 
(rs7501331)

Leung et al. FASEB, 2009: Two missense mutations associated with b-carotene 

conversion levels
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The majority of nutrients are influenced by MANY 

independent genetic variants



Using Polygenic risk scores to quantify the genetic 

effects

Page 59
Medium risk= effect size X



GWAS data to calculate quantitative polygenic risk 

scores for vitamin B12

Xialing Lin Human Molecular Genetics · March 2012



Case example: Genetic risk score provides basis for 

quantitative vitamin B12 recommendations

Recommended intake is 2.4 µg/day

• 13 SNPs capture most of the

variability in vitamin B12 levels

• Highest polygenic risk score 

associated with a app. 104 pg/ml 

decrease in blood concentration.

• US population between 156 – 560 

pg/ml (median 384 pg/ml). 

Sufficiency is defined as 400 pg/ml. 

Deficiency if concentration is <250 

pg/ml



Gene variants affect key proteins involved in vitamin 

B12 absorption

Source: Grarup et al. Genetic architecture of 

vitamin B12 and folate levels. PLOS 

Genetics, 2013

IF

• Low responders with the highest polygenic 

risk score do not reach sufficiency, even at 

extreme high (single) doses of B12;

• Depending on the risk SNPs one carries the 

recommendations can be adapted to ensure 

efficient supplementation



Genetically guided omega-3 supplementation

63

Genetic effects on base-line omega-3 levels

Genetic effects on change (delta) for omega-3 

Levels after supplementation with DHA

GWAS have idnetified94 SNPs associated with 

9 genes: ELOVL2, FAD1, FAD2, SYCP2L, 

HERV-FRD, C15orf27, TRPA1, ME3, LRRC4C

n-3 PUFA metabolic pathway and 

summary of GWAS in this pathway



What genetic variation can tell us about Nutrition?
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Nutrigenetics can inform us about individuals that are at risk to 

develop nutritional deficiencies AND can estimate the nutritional 

needs for such an individual

Nutrigenetics can tell us something about geographical differences 

in nutrient efficiency- possibility to adapt regional recommendations;

Nutrigenetics & Nutrigenomics can help us identify other health 

related environmental factors that influence a phenotype;



Q & A

Page 65Borel & Desmarchelier. Annual Review of Nutrition. 2018



Time to take a break….
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