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Precision Nutrition - One size does not fit all
 Nutrient needs differ by individual

•Fetus vs. child vs. adult vs. aged adult Age 

•Female vs. maleSex 

•Pregnant vs. non pregnantReproductive 
status 

•Co-exposure interactionsEnvironmental 
exposures 

•Lean vs. fat mass, Tall vs. shortBody composition 
& size 

•Healthy vs. diseasedHealth status 

•ACGT vs. AGGT, methylation status
Genetic/ 

Epigenetic makeup 



Precision Nutrition - Recommendations tailored to different needs

Age 

Sex 

Reproductive 
status 

Environmental 
exposures 

Body composition 
& size 

Health status 

Genetic/ 
Epigenetic makeup 

Tailored calcium intake

 

Higher for adolescent & elderly

Higher during pregnancy

Higher for excessive BMI

VitD improves absorbance

Tightly regulated for CKD

Higher for PM females

CASR mutations GOF requires higher
LOF requires less



Gene-diet interactions (GxE) - Nutrients regulate the genome

 Nutrients are the building blocks of the genome and epigenome

nucleotides

amino acids

Nucleic acids (DNA & RNA)

proteins

Cofactors

Signaling molecules

Modifications
 - methylation
 - acetylation
 - etc..

Reviewed in Ideraabdullah et al 2018, Physiol Rev



Gene-diet interactions (GxE) - The genome regulates nutrition

 Genes regulate essential systemic nutrient processing

Reviewed in Nutrition for the 21st century 2025, Pediatric Nutrition 9th edition (AAP)

Absorption in the GI tract

• Digestion
• Transport

Metabolism 

• Enzymatic activity for activation 
and degradation

• Transport

Storage & bioavailability

Excretion



How do we define these gene x diet interactions?

Measure range in differences
Identify causal factors driving variability

-Relevant mechanism
-Relevant tissue & timing

Measure interactions (gene x diet, gene x gene)
- Responsiveness across different genetic backgrounds/lineages

Human studies Traditional animal models

Limitations in humans
• Requires very large sample sizes 
 - costly w/ complicated logistics

• Many uncontrollable confounders
 - impacts establishing causality

• Many inaccessible tissues/ timings

Limitations in traditional models
• Requires conserved mechanism

• Uses severe conditions/ gene knockouts 
that rarely/don’t occur in nature

• Single genetic background
 - Lack population level data



Animal model genetic reference populations 

• A genetically diverse population of animal models (eg. mice) 
o  10-100 lines/strains 

• Many populations contain inbred strains (genetically identical genomes)
• Ability to control & isolate environmental exposures
• Used to mimic & study effects from diverse human populations



Collaborative Cross (CC) – Mouse Model Population

~60 genetic backgrounds (strains)
o High level of ”naturally occurring” genetic 

differences among strains
o Novel gene x gene interactions that drive 

higher phenotypic diversity among strains 
including novel phenotypes

o Inbred - genetically identical within strains



CC strains carry novel phenotypes that may better mimic humans



CC strains used to map susceptibility loci/genes



Leveraging the CC to study interindividual nutrient needs

KIDNEY

Primary  
biomarker

Primary 
active 
metabolite 

Vitamin D

Calcidiol
(biomarker)



Leveraged diverse genetic backgrounds and controlled diets

Found 
- Genetically determined variability in VitD 
status (calcidiol)
- Response to dietary VitD depletion 
differs by genetic background



Leveraged genetically identical mice for repeated measures

Hutchins et al 2019, Endocrinology

Found 
- Low calcitriol can be genetically determined – not predicted by biomarker



Leveraged simultaneous access to all tissues & cell types

Hutchins et al 2019, Endocrinology

Found 
– Candidate mechanism & genes: 
Low calcitriol likely driven by impaired transport of 
calcidiol into the kidney for activation



Leveraged simultaneous access to all tissues & cell types

Hutchins et al 2019, Endocrinology

Found 
– Potential physiological impact: 
Strains with genetically determined low calcitriol 
exhibit evidence of  impaired VitD signaling. 



Summary
Animal model populations extend our reach for understanding the factors 
driving interindividual differences in human populations

1. All the benefits of traditional single lineage models
o Access to tissues or developmental timings inaccessible in humans for 

systems biology approach
o Controlled manipulation to study effects of individual ”normal” or 

“perturbed” conditions
o Biological replicates improve statistical power (smaller sample size) and allow 

for integrating findings between studies
2.  Study “naturally occurring” genetic differences including gene-gene interactions

o Measure the range in phenotypic outcomes – population level effects
o Measure efficacy of treatment/intervention on different backgrounds

3. Define causality
o Gene discovery - Map causal genes through linkage analyses
o Define biological mechanisms underlying vital biomarkers
o Identify novel susceptibility markers that can be tested in human populations
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