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Engineering the Food Supply: 

 
-  Diet diversification 

-    Fortification (Chem/Bio) 

-    Supplements, etc 

 
Dietary and Nutrient Recommendations: 

- Adequate for what? 

 
- Nutritional Status/Avoid Deficiency 

- Metabolic Function 

- Other Function 

- Chronic Disease Prevention 

- Disease Management 

What should we expect 

from the food supply? 



 Few chronic diseases are affected by: 

  single nutrients 

   single pathways 

 Consider systems/networks over pathways 

 Establish system readouts as biomarkers 

(integrative biomarkers) 

 Consider DRIs as ranges in lieu of point 

estimates 

 Understand biomarkers of aging – system decay  

 “GRADE” standards of evidence 

 

 

Chronic Disease Endpoints  

- Challenges - 
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Nutrient Needs in Chronic Disease 



               Health                       Disease Prevention           Disease Management 
                                         Primary - Secondary –Tertiary                   Acute - Chronic 

Dietary Reference Intakes 

(DRIs) 
Distinct Nutritional Requirements 

(DNRs) 

  

Whole Body Nutritional Status 

Normal Physiological Function 

Clinical Outcomes  

Predictive Biomarkers                                                         

     Tissue Specific Nutritional Status 

                                                                                                    Restoration of Function 

                                                Tissue Regeneration 
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Classifying and Evaluating Human Nutrient Needs 



Physiological Processes Modifiers and Sensitizers 

Absorption Disease 

Catabolism Epigenetics 

Excretion Food Matrix 

Metabolism Genetics 

Stability Nutrient-Nutrient Interactions 

Transport Pharmaceuticals  

Bioactivation Toxins 

Energetic State Age/Physiological Decay 

Nutrient Storage Microbiome/Pregnancy/Sex 

Dietary Requirements as Complex Traits 



Food Supply & Environment 
Realizing the potential of the food environment to 

improve diet and lifestyle choices. 

Nutrition-Related Behaviors 
Understanding how the human brain influences food 

choice and nutrition-related behaviors. 

Medical Management 
Slowing disease progression through nutrition with 

improved responses to therapy and survival rates. 

Health Maintenance 
Improving health with noncommunicable disease 

prevention and weight maintenance. 

Healthy Growth, Development 

and Reproduction 
Understanding how nutrition during critical, early 

periods of development (including pregnancy) 

impacts future health. 

Variability in Responses to Diet & 

Food 
Achieving personalized nutrition with dietary 

recommendations tailored to each person’s needs. 

Responders vs. Non-responders 
Olhorst et. al. (2013)  Am J Clin Nutr doi: 10.3945/ajcn.113.067744. 

American Society for Nutrition Nutrition Research Priorities 



https://www.google.ch/?gfe_rd=cr&ei=Og8SWOLrLcHCaNn8gOAN#q=national+nutrition+roadmal 

 

 National Nutrition Research Roadmap 2016‒2021 
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https://www.google.ch/?gfe_rd=cr&ei=Og8SWOLrLcHCaNn8gOAN#q=national+nutrition+roadmal


http://www.ornl.gov/sci/techresources/Human_Genome/home.shtml 

- Assemble & understand cellular networks, their variation   manipulation by inputs 
        (drugs, nutrients) 

Human Genome Project (1990-2003)  

http://www.ornl.gov/sci/techresources/Human_Genome/primer_pic.shtml


Food Intolerances 

Dietary Requirements 

Susceptibility to metabolic disease 

Genome Primary Sequence 

Genome Programming 

Gene Expression 

Food 

Human 

Genome 

Dietary  

Components 

 

  

 

Human Genetic Variation 
Nutrition and Evolution 

 

Scientific American November 13, 2002  William R. Leonard 



Gene Evolution and the Creation of Genetic Variation   

 

Archaic Humans 

 

Mutation/Expansion 

Selection 

Drift 

  

 

 

Food 

 

Human Genetic Variation 
Nutrition and Evolution 

 



http://punnett.blogspot.co.uk/2016/04/neanderthal-

y-chromosome-analysed.html 

Diet-related genes Inherited from Archaic Humans? 

500,000 ka 

https://www.sciencedaily.com/release

s/2017/02/170223124316.htm 

.http://www.sci-

news.com/othersciences/anthropology/sc

ience-neanderthal-genome-fourth-

lineage-01624.html 



https://www.quantamagazine.org/how-neanderthal-dna-helps-humanity-20160526/ 

23 and me result page for Lydia 

http://uk.businessinsider.com/best-dna-test-23andme-

ancestry-national-geographic-2017-4?r=US&IR=T 

Diet-related genes Inherited from Archaic humans? 

500,000 ka 



Gene Evolution and the Creation of Genetic Variation   

 

Archaic Humans 

 

Mutation/Expansion 

Selection 

Drift 

  

 

 

Food 

 

Human Genetic Variation 
Nutrition and Evolution 

 



 

Human Genetic Variation 
Nutrition and Evolution 

Selective Sweeps 

 



Lactose Tolerance was enabled by Genetic 

Mutation and the Food Environment 

BMC Evolutionary Biology 2010, 10:36  https://doi.org/10.1186/1471-2148-

10-36 
Phenotype                                                              Genotype 

https://doi.org/10.1186/1471-2148-10-36
https://doi.org/10.1186/1471-2148-10-36
https://doi.org/10.1186/1471-2148-10-36
https://doi.org/10.1186/1471-2148-10-36
https://doi.org/10.1186/1471-2148-10-36
https://doi.org/10.1186/1471-2148-10-36
https://doi.org/10.1186/1471-2148-10-36


 

 Amylase CNVs expanded in agrarian human 

populations to improve starch digestion 



 
Gene  Species/function             References 
 

LCT  human lactose metabolism  Am J Hum Genet 2004;74(6):1111-20  

ADH1B  human ethanol metabolism       Am J Hum Genet 2002;71(1):84-99   

ALDH2  human ethanol metabolism       Ann Hum Genet 2004;68(Pt 2):93-109  

HFE  human iron homeostasis           Genetics 2003;165(1):287-97   

PPARg  human nuclear receptor              Genome Res 2002;12(12):1805-14  

PTC  human bitter-taste receptor   Am J Hum Genet 2004;74(4):637-46  

KEL  human protein metabolism      PLoS Biol 2004;2(10):e286   

TRPV5  human calcium transport  PLoS Biol 2004;2(10):e286  

TRPV6  human calcium transport         PLoS Biol 2004;2(10):e286  

ABO  human protein metabolism      PLoS Biol 2004;2(10):e286  

ACE2  human protein metabolism     PLoS Biol 2004;2(10):e286  

CYP1A2  human arylamine metabolism  Am J Hum Genet 2002;71(3):528-42 

G6PD  human NADP metabolism            Am J Hum Genet 2002;71(5):1112-28  

 

Pathways 
 

Amino acid metabolism  human, chimp  Science 2003;302(5652):1960-3  

Amino acid transport  chimp  Science 2003;302(5652):1960-3  

Purine metabolism  chimp  Science 2003;302(5652):1960-3  

Food/nutrient 

 intolerances 

Stover, P.J.  2007. Human Nutrition and Genetic Variation.  Food Nutr. Bull. 28:1, S101-S115. PMID: 17521122 

 

Diet-related genes that display genomic signatures 

of adaptive evolution by selection 
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Food 

Nutrigenomics and the Future of Nutrition 
 

 

 

 Strong biological premise in concept 

 

 Strength of effect/penetrance? 

 

 Does it matter in public health? 

 

 Does it matter to the individual consumer? 



 - Physician's Health Study –   
        Colon Cancer Risk 

Cancer Res.  57: 1098-1102 

In utero Risk 
“T” allele 

- Low folate status 
- Higher folate requirement 
- Birth defects 
- Miscarriage 

Adult Benefit 
“T” allele 

  
COMMON Allele 
 
 Gene sequence         ..GCG  GGA  GCC  GAT … 
 
 Protein Sequence      .. Ala   Gly    Ala    ASP… 
 
677 C -> T Allele 
  
 Gene Sequence         ..GCG  GGA  GTC  GAT… 
 
 Protein Sequence      …Ala   Gly    Val    Asp … 

Benefit and Risks of MTHFR Polymorphism 



 

    (TT) Frequency 

 

Mexicans    30%  

Tuscanian (Italy)       30% 

Africans      0% 

African Amer             2% 

Yemenite Jews     2% 

Muslim Arab Israelis        16% 

Asians          19% 

Caucasians        9% 

Allelic Frequency of the MTHFR 677 C->T Polymorphism 

http://www.webshots.com/g/56/137-sh/3702.html


 



Deficient (<6.8 nmol/L) 

  34% TT (10 of 29) 

  16% CC (5 of 31) 

Week 

   TT, 8 

  CC, 11 

, n=31 
, n=29 

Deficient (>14 mmol/L) 

  79% TT (23 of 29 men) 

  7% CC (2 of 31 men) 

   TT, 31 

  CC, 11.3 

Week 

Solis et al. JN 2008 

MTHFR 677TT Genotype Markedly Affects Biomarkers of 

Folate Status in Men Consuming the Folate RDA 

Folate Treatment with 400 mg DFE/d 

 

 

        

 

 

        



WHO Guidelines for Prevention of NTDs with Folate 

Bayesian Model 

MTHFR Genotype 

BMJ 2014; 349 :g4554 

2015 



WHO Guidelines for Prevention of NTDs with Folate 

Bayesian Model 

BMJ 2014; 349 :g4554 



WHO Guidelines for Prevention of NTDs with Folate 

Bayesian Model 

BMJ 2014; 349 :g4554 



 
What consumers will need to know 

 

1. Classification of Subgroups for Diets 

 

2. Classification of Subgroups for Nutrients 

 

 

 

 

 

 

 

 

 

 

Precision Nutrition 
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Redesign Process - Dietary Guidelines 

How the DGA can better prevent chronic disease, ensure nutritional 

sufficiency for all Americans, and accommodate a range of individual 

factors, including age, gender, and metabolic health.  
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What Consumers will need to know 

 

1. Classification of Subgroups for Diets 

 

2. Classification of Subgroups for Nutrients 

 

 

 

 

 

 

 

 

 

 

Precision Nutrition 



Nature Medicine. 17.3 (Mar. 2011): p304. 32 

Precision Medicine        Precision Nutrition 
Biomarkers to Classify Population Subgroups 

Classification: 

 

 

a) Sex, Pregnancy, Lactation, Age 

 

b) Genetics, Exercise, Disease, etc … 

 

Does this make sense for a complex 

trait? 

 

http://go.galegroup.com.proxy.library.cornell.edu/ps/aboutJournal.do?contentModuleId=HRCA&resultClickType=AboutThisPublication&actionString=DO_DISPLAY_ABOUT_PAGE&searchType=&docId=GALE|0GVM&userGroupName=nysl_sc_cornl&inPS=true&rcDocId=GALE|A251632052&prodId=HRCA&pubDate=120110301
http://go.galegroup.com.proxy.library.cornell.edu/ps/aboutJournal.do?contentModuleId=HRCA&resultClickType=AboutThisPublication&actionString=DO_DISPLAY_ABOUT_PAGE&searchType=&docId=GALE|0GVM&userGroupName=nysl_sc_cornl&inPS=true&rcDocId=GALE|A251632052&prodId=HRCA&pubDate=120110301
http://go.galegroup.com.proxy.library.cornell.edu/ps/aboutJournal.do?contentModuleId=HRCA&resultClickType=AboutThisPublication&actionString=DO_DISPLAY_ABOUT_PAGE&searchType=&docId=GALE|0GVM&userGroupName=nysl_sc_cornl&inPS=true&rcDocId=GALE|A251632052&prodId=HRCA&pubDate=120110301


 
What consumers will need to know 

 

1. Classification of Subgroups for Diets 

 

2. Classification of Subgroups for Nutrients 
 

3. Classification Real Time Personalized Readouts 

 

 Data will be readily accessible! 

 What guidance will we give? 

 Can Systems/Network Biology be applied? 

 

 

 

 

 

 

 

 

 

 

Precision Nutrition 



Lab on a Chip. http://doi.org/10.1039/c6lc00393a 

Point-of-Care Measurement of Nutrition-Related Biomarkers 

Nutrient Status Biomarkers 

Functional Biomarkers 

Chronic Disease Markers 

Infectious Disease Markers 

http://doi.org/10.1039/c6lc00393a




Misselbeck, K., Marchetti, L., Field, M.S., Scotti, M., Priami, C., and Stover, P.J. (2017)  Sci. Rep., 7:  797. 

Stochastic Model/Simulation – Infrastructure 
 

- Entire One-Carbon Metabolism Network 

- compartmentalization 

- Known Expression Ranges of all Enzymes 

- Ranges for all Nutrient “Inputs” 

- System/Network Level Biomarkers as “readouts” 

 

 

Current Analyses 

 

- Sensitivity Analyses for all Changes in Enzyme Levels 

- Dynamic Range of Nutrient Inputs Required under Different Network States to Maintain Network 

Outputs. 
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