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Abstract

The Institute of Medicine recently convened a workshop to review the state of the various domains 

of nutritional genomics research and policy and to provide guidance for further development and 

translation of this knowledge into nutrition practice and policy. Nutritional genomics holds the 

promise to revolutionize both clinical and public health nutrition practice and facilitate the 

establishment of (a) genome-informed nutrient and food-based dietary guidelines for disease 

prevention and healthful aging, (b) individualized medical nutrition therapy for disease 

management, and (c) better targeted public health nutrition interventions (including micronutrient 

fortification and supplementation) that maximize benefit and minimize adverse outcomes within 

genetically diverse human populations. As the field of nutritional genomics matures, which will 

include filling fundamental gaps in knowledge of nutrient–genome interactions in health and 

disease and demonstrating the potential benefits of customizing nutrition prescriptions based on 

genetics, registered dietitians will be faced with the opportunity of making genetically driven 

dietary recommendations aimed at improving human health.

Public health nutrition continues to be challenged by increasing expectations from the food 

supply on one hand, and fundamental gaps in nutrition knowledge on the other, which can 

constrain the development and implementation of nutrition and food policy (1). Current 

demands on the food supply are no longer limited to ensuring general safety and preventing 

micronutrient deficiencies. Increasingly, there is interest in engineering medicinal qualities 

into the food supply to enable diets that promote health and “nurture” a sense of well-being 

that transcends the mere absence of disease by improving biological functions and even 

increasing lifespans.

Unquestionably, nutrition is one of the primary environmental exposures that determines 

health. Common human chronic diseases, including type 2 diabetes, metabolic syndrome, 

cardiovascular and neurological disease, and many cancers are initiated and/or accelerated 

by nutrient/food exposures. However, it is also recognized that chronic diseases are complex 

in their etiology and include a substantial genetic component; individuals respond differently 

to foods and even individual nutrients. Investigation in this new field of nutrition research, 
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often referred to as nutritional genomics, focuses on deciphering the biological mechanisms 

that underlie both the acute and persistent genome-nutrient interactions that influence health.

Nutritional genomics, while centered on the biology of individuals, distinguishes itself from 

other “omics” fields by its unique focus on disease prevention and healthy aging through the 

manipulation of gene–diet interactions. Nutritional genomics promises to revolutionize both 

clinical and public health nutrition practice and facilitate the establishment of (a) genome-

informed nutrient and food-based dietary guidelines for disease prevention and healthful 

aging, (b) individualized medical nutrition therapy for disease management, and (c) better 

targeted public health nutrition interventions, including micronutrient fortification and 

supplementation, that maximize benefit and minimize adverse outcomes within genetically 

diverse human populations. Research dietitians are among the leading scientists pioneering 

this field, and food and nutrition professionals will be primarily responsible for its 

implementation.

In 2006, the Institute of Medicine convened a workshop to review the state of the various 

domains of nutritional genomics research and policy and to provide guidance for further 

development and translation of this knowledge into nutrition practice and policy (2). Three 

scientific domains of nutritional genomics were discussed: (a) nutritional genetics or 

nutrigenetics, which involves the identification, classification, and characterization of human 

genetic variation that modifies nutrient metabolism/ utilization and food tolerances (Figure 

1); (b) nutritional epigenetics, which refers to the effect of nutrients on deoxyribonucleic 

acid (DNA)/chromatin (and hence gene expression), which programs or reprograms 

biological networks with multigenerational consequences; and (c) systems biology and 

nutritional engineering, which is the application of nutrigenomics information to manipulate 

biological pathways and networks for benefit through nutrition, including the use of food-

based diets, dietary restriction, or nutritional supplements to affect genome expression, 

stability, and/or direct dietary compensation for metabolic deficiencies (2). This Institute of 

Medicine report provides background for this review, which is restricted in scope to 

highlighting the interactions of the B vitamin folate with the human genome and the current 

gaps in knowledge that must be overcome to achieve genomically driven nutrition practice 

and policies.

ORIGIN OF GENE–NUTRIENT INTERACTIONS

The human genome, and the genetic variation present within human populations, is in part a 

product of adaptive evolution to an often scant and unpredictable food supply (3,4). Single 

nucleotide polymorphisms (SNPs), which are common, single base-pair differences in DNA 

sequence, represent a primary form of human genetic variation. Of the approximately 10 

million SNPs in the human genome, many are believed to have functional consequences (eg, 

alter the activity/function of the protein product) (5,6). SNPs arise through the sequential 

process of DNA mutation and subsequent expansion of the mutation within a population. 

Food and nutrient exposures affect both of these processes. For example, B-vitamin 

deficiencies impair DNA synthesis/stability and increase DNA mutation rates (germ line and 

somatic DNA mutations) as do excesses of prooxidants, including iron. Likewise, the 
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nutritional environment can accelerate the expansion of fortuitous germ line DNA mutations 

within a population such that they accumulate and contribute to human genetic variation.

Indeed, many SNPs that affect nutrient utilization display genomic “signatures” of such 

positive selection (3). For example, a SNP located near the gene that encodes lactase enables 

carriers of this SNP to produce this enzyme throughout adulthood and thus continue to 

tolerate milk (7). This SNP penetrated populations whose ancestors came from places where 

dairy herds could be raised safely and economically, such as in Europe (8,9). However, 

several gene variants that arose through positive selection are modern-day candidates for 

disease alleles; gene variants that permit adaptation to one environment can be deleterious 

when the environmental conditions change (eg, the nature and abundance of the food 

supply). For example, the HFE gene variant that is associated with risk for hemochromatosis 

may have conferred advantage in iron-poor regions but confers risk for iron overload in iron-

rich environments (10,11). Expansion of a SNP also requires that the associated changes in 

biochemistry permit embryonic survival in the interuterine environment. Both malnutrition 

and some gene variants that impair nutrient metabolism and/or utilization are risk factors for 

spontaneous abortion (12).

Nutrients and other bioactive food components can also regulate gene expression (Figure 1). 

All organisms have acquired the ability to sense and adapt to their nutrient environment by 

altering the expression of proteins that function in metabolic and signaling pathways. Salient 

examples include, but are not limited to, the regulation of gene transcription by vitamin A or 

vitamin D through interaction with their respective nuclear receptors. This ability of 

nutrients to communicate with the genome is an essential feature of organismal evolution. 

Nutrients can elicit transient alterations in gene expression and/or influence more permanent 

whole genome reprogramming events that can be inherited (ie, passed onto offspring). The 

term epigenetics refers to the inheritance of traits through mechanisms that are independent 

of DNA primary sequence and includes the inheritance of gene expression patterns and/or 

expression levels that contribute to phenotypic differences among individuals, including 

monozygotic twins (13).

The embryo seems to be especially susceptible to nutrient-induced adaptations in gene 

expression, a phenomenon referred to as metabolic imprinting or metabolic programming 
(14). These adaptations occur within critical windows during embryonic development and 

can persist into adulthood. The associated changes in metabolism resulting from these 

reprogramming events are believed to enable in utero survival in suboptimal nutrient 

environments, but predispose the individual to metabolic disease in adulthood (14). This 

relationship among maternal nutrition, fetal epigenetic programming, and adult-onset 

chronic disease is the basis of the fetal origins of adult disease hypothesis, which proposes 

that nutrition acts very early in life to program risk for adverse outcomes in adult life (Figure 

2) (15). This theory, which was originally supported only by epidemiological associations, 

has now been validated in whole-animal studies. These studies demonstrate that early 

nutrition exposures increased risk in adulthood for obesity, hypertension, and insulin 

resistance, which are the antecedents of adult chronic disease including cardiovascular 

disease and diabetes (15). The genome, in turn, can constrain diet (Figure 1). Genetic 

variation and/or variations in epigenetic programming can affect nutrient absorption and 
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utilization (eg, hemochromatosis) and thereby confer differences in food/nutrient tolerances 

(eg, iron) and may contribute to the variation in human nutrient requirements (3).

FOLATE METABOLISM: A CONDUIT BETWEEN THE NUTRIENT 

ENVIRONMENT AND THE GENOME

Folate is a B vitamin that functions as a metabolic cofactor by carrying and chemically 

activating single carbons for the biosynthesis of purine nucleotides and thymidylate and for 

the remethylation of homocysteine to methionine, a metabolic network known as folate-

mediated one-carbon metabolism (Figure 3). Methionine in turn can be adenosylated to form 

S-adenosylmethionine (SAM), which is a co-substrate for numerous cellular methylation 

reactions (16). Purines and thymidylate are required for DNA synthesis, and SAM is 

required for genome methylation. The human genome is methylated on cytosine bases 

present within DNA at specific CpG sequences; lysine residues on histone proteins bound to 

DNA are also targets for SAM–dependent methylation (16,17). Methylation of chromatin (a 

complex of DNA and histones) regulates the expression of numerous genes throughout the 

genome. Methylation is associated with inactivation of an X chromosome in females and 

with silencing genetically imprinted genes where only the maternal or paternal allele is 

expressed and the other is silenced by methylation (13). Methionine and thymidylate 

biosynthesis are the most sensitive pathways within the folate metabolic network, and their 

impairments compromise the rate and fidelity of DNA synthesis and repair, DNA stability, 

and the efficiency of cellular methylation reactions (16,18–21).

The folate-dependent biosynthesis of nucleotide precursors for DNA synthesis and of SAM 

for genome methylation is dependent on the availability of many vitamins including B-12, 

B-6, niacin, riboflavin and minerals (zinc, cobalt) and is subject to regulation by other 

nutrients not directly involved in DNA or SAM biosynthesis (iron, vitamin A). Therefore, 

folate-mediated one-carbon metabolism is a conduit that enables communication between 

the cellular nutrient environment and regulation of the genome (Figure 3). Impairments in 

one-carbon metabolism, and the SAM cycle in particular, induced by nutritional deficiencies 

and/or SNPs in genes that encode folate-dependent enzymes, alter genome methylation 

patterns and gene expression levels (16,17,22), including the expression of tumor suppressor 

genes (23,24). For example, severe impairments in the homocysteine remethylation pathway, 

as seen in those with hyperhomocysteinemia, decreases DNA methylation, which results in a 

homocysteine-dependent shift from monoallelic to biallelic expression of genetically 

imprinted genes. Folate supplementation reverses DNA hypomethylation and restores 

monoallelic expression of imprinted genes in these individuals (25). Therefore, folate is key 

for genome synthesis, stability, and expression. Alterations in DNA and histone methylation 

are the likely epigenetic signatures that are metastable, heritable, and may enable adaptation 

to suboptimal nutrient environments through genome programming (Figure 2).

Disruptions in folate metabolism are common and increase risk for pathologies that include 

certain cancers, cardiovascular disease, neurological disorders and developmental anomalies 

such as spina bifida, cleft palate, and spontaneous abortion, among others (16). Folate 

supplementation can reduce the risk of these disorders developing, with genetically 
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susceptible individuals/populations accruing the most benefit; this suggests that folate 

nutrition can compensate for genetically induced impairments in folate metabolism (26). 

However, the biochemical mechanisms underlying folate-related pathologies have remained 

elusive despite intensive investigation.

Gene variants that encode folate-dependent enzymes and alter the efficiency of nucleotide 

and SAM biosynthesis can confer both protection and risk for specific pathologies and 

developmental anomalies (16). A common SNP in the methylenetetrahydrofolate reductase 

gene (MTHFR), 677C>T, and methylenetetrahydrofolate dehydrogenase gene (MTHFD1), 

1958G>A, which encode folate-dependent enzymes, increase risk for neural tube defects 

(NTDs) (27,28). However, the MTHFR 677C>T SNP is also protective against colon cancer 

in folate-replete individuals (29). The prevalence of the MTHFR 677C>T SNP varies 

markedly among human populations; the allelic frequency is approximately 20% in some 

Hispanic populations, but it is rare in African populations (30), potentially indicating that 

this gene variant has emerged through positive selection (31). The functional role of these 

polymorphisms in the etiology of neural tube defects and cancer is unknown but is likely 

related to DNA synthesis, repair, and/or methylation.

NUTRITION PRACTICE AND POLICY: APPLICATION OF GENETIC AND 

EPIGENETIC INFORMATION

The incorporation of genomics into nutrition practice and policy offers the potential to 

“personalize” nutrition and aid in the prevention of chronic disease by targeting the 

molecular antecedents of disease that are responsive to dietary components (32). Classic 

monogenic disorders, including phenylketonuria and other inborn errors of metabolism, 

illustrate the severe consequences that can result from genetic disruptions, but more 

importantly demonstrate that genetic diseases can be managed and/or alleviated through diet. 

Likewise, nutrients, like pharmaceuticals, are powerful effectors of genome expression and 

stability, and gene–nutrient interactions can be optimized for disease prevention.

Folate and Reproduction

Folic Acid Fortification and the Prevention of Birth Defects—Micronutrient food 

fortifications have been successful approaches in eliminating micronutrient deficiencies and 

their associated pathologies, including iodine to prevent cretinism (33) and iron to prevent 

anemia (34). The more recent folic acid fortification policy in the United States was unique 

from previous fortification initiatives in that it did not seek to remedy a nutrient deficiency in 

the general population. Rather, it targeted a distinct group, women of childbearing age with 

genetic susceptibility to bear a child with an NTD, to prevent neural tube effects and other 

common developmental anomalies (35). Notwithstanding many years of research and 

changes in public health policy, the mechanism(s) by which alterations in folate status and/or 

metabolism affect neural tube closure remain poorly understood, although it is assumed that 

folic acid is acting to overcome metabolic impairments whose etiologies are genetic. In this 

regard, genetic variants of two genes that encode folate-dependent enzymes, MTHFR 
677C>T and MTHFD1 1958G>A, have been identified as risk alleles for folate-responsive 

developmental anomalies, including NTDs (28). The success of the folic acid fortification 
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policy is marked by the reduction in NTD rates (35,36). Recent concerns have been 

expressed regarding the potential adverse impact on colon cancer incidence (37) and 

cognitive functions in the elderly (38).

Folate and the Prevention of Miscarriage—Maternal environments as well as 

maternal and fetal genotypes that do not support basic processes during embryonic 

development are usually eliminated by spontaneous abortion (39–42). Humans exhibit high 

rates of fetal loss (43), with approximately 75% of human conceptions lost spontaneously 

before term, half of which occur before the first 3 weeks of gestation and generally are 

unnoticed because many embryos fail to implant (40–42,44). Maternal folate status, 

impaired folate metabolism as evidenced by elevated plasma homocysteine, and SNPs in 

folate-related genes that are associated with risk for birth defects have also been associated 

with risk for miscarriage (45–51). In a recent study, increased maternal folate status also 

increased the likelihood of twin births after in vitro fertilization (52). The shared risk for 

both birth defects and spontaneous abortion conferred by MTHFR polymorphic alleles, and 

evidence that folic acid reduces risk for neural tube defects, has led to the suggestion that 

women with recurrent miscarriage might benefit from folate and/or vitamin B-12 

supplementation (47). The notion that maternal nutritional status can rescue embryos that 

carry genomes that increase risk for miscarriage, or as stated, “good diet hides genetic 

mutations” (53), has been demonstrated by numerous examples of nutritional rescue of gene 

disruptions in mice (53–56). Research is needed to establish the mechanisms and levels of 

maternal nutrient intakes that prevent spontaneous miscarriage, and to determine whether 

“rescued” fetal genomes confer dependencies on elevated intakes of these nutrients for the 

fetus that persist into adulthood.

Very Early Nutrition; Assisted Reproduction—Children conceived by assisted 

reproductive techniques may be at higher risk for genetic imprinting disorders (57). In some 

but not all studies, elevated rates of spontaneous abortion have been associated with human 

in vitro fertilization pregnancies compared with natural conceptions (39). There is increasing 

evidence that technical procedures, including early harvest and manipulations of eggs, the 

use of spermatogenesis, impaired gametes, and/or exposure of embryos to culture medium 

may result in the development of embryos with altered methylation pathways and/or 

reprogramming of genomic imprints and physiological pathways (39,57). Imprinting 

disorders and in vitro fertilization are also associated with human inter uterine growth 

retardation, which increases risk for late-onset chronic disease (58,59). To date, studies of 

assisted reproduction in humans have not conclusively established a connection between 

assisted reproduction and subtle effects on genome imprinting. However, studies in animal 

models have shown that embryo culture medium formulation affects the expression and 

methylation status of imprinted genes in mammalian embryos, resulting in imprinting-

related disorders, including large offspring syndrome (59–63). These and other studies 

suggest that even the earliest nutritional exposures may affect genomic reprogramming 

processes, indicating the need for long-term and large-scale monitoring of children 

conceived through assisted reproduction and their risk for late-onset metabolic diseases.

STOVER and CAUDILL Page 6

J Am Diet Assoc. Author manuscript; available in PMC 2017 May 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Maternal Nutrition and Genome Programming

Human epidemiological studies as well as an increasing number of animal models 

demonstrate that maternal nutrition can “program” gene expression patterns in the embryo 

that persist into adulthood and contribute to metabolic disease (58). The most celebrated 

animal model that demonstrates this phenomenon is the yellow agouti (Avy) mouse (64). 

The agouti gene influences coat color as well as the propensity to become obese. In this 

model, dietary folate- and choline-mediated alterations in genome methylation can be set 

irreversibly or “imprinted” during early development such that maternal diet determines the 

density of cytosine methylation at the agouti locus and hence the level of agouti gene 

transcription, coat color, and propensity for obesity (65). The methylation patterns and 

subsequent effects on coat color and, presumably, associated metabolic characteristics are 

maintained throughout the lifetime of experimental animals (64,65).

Dietary Recommendations

Dietary Recommendations for Populations—Nutrient-based dietary guidelines help 

individuals and populations achieve adequate dietary patterns to maintain health. These 

numeric values are quantitatively derived when possible and are based on a nutrient intake 

level that prevents a clinical and/or biochemical outcome that signifies a particular nutrient 

deficiency (66,67). Age, sex, life stage, and other variables contribute to the variation in 

nutrient requirements among individuals within a population; often requirements are derived 

separately for these population subgroups. Although genetic variation confers tolerance/

intolerance for certain foods (8,68), the genetic contribution to nutrient requirements within 

and among human populations remains to be evaluated rigorously.

Recommended Dietary Allowance (RDA) and Tolerable Upper Intake Level—
The RDA is the level of dietary intake that is sufficient to meet the requirement of 97% of 

healthy individuals in a particular life stage and sex group (Figure 4). Although 

homozygosity for the MTHFR 677C>T genotype is associated with higher folate 

requirements, the folate RDA of 400 g dietary folate equivalent/day achieves/maintains 

normal folate status in premenopausal women differing in MTHFR 677C>T genotype (69). 

However, a higher level of folate intake is required by men with the MTHFR 677TT 

genotype (70). The Tolerable Upper Intake Level (UL) is the highest level of nutrient intake 

that can be achieved without incurring risk of adverse health effects within the general 

population. To date, no common allelic variant has been identified and shown to warrant 

genotype-specific numeric standards for ULs.

A priori, genetic variation is not expected to confer extreme variation to nutrient 

requirements among individuals and populations because genomes that are not compatible 

with the in utero nutrient environment are eliminated by spontaneous abortion. Genetic 

variation that confers more subtle differences in nutrient requirements or food tolerances 

may be enriched in subgroups or populations and contribute to metabolic disease in certain 

environmental contexts. Much genetic variation remains to be characterized, especially in 

geographically and culturally isolated populations that have existed in unique or challenging 

nutritional environments for many generations where adaptive alleles may have expanded. 
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Certain populations have been shown to be particularly vulnerable to adverse health 

consequences when dietary patterns change rapidly, especially energy intake (71).

In general, genotype-specific recommendations may only be required if the level of nutrient 

intake that represents minimal nutrient adequacy for one genetic subgroup exceeds the UL 

for another group, assuming that avoidance of nutrient deficiency and harm/toxicity are the 

primary criteria for setting numeric values. For example, although it is generally appreciated 

that optimal folate intakes differ among identifiable genetic subgroups, the magnitude of the 

genetic contribution to overall population variation may not warrant genotype-specific 

recommendations, especially considering that folic acid intakes up to 1 mg/day are not 

associated with known toxicities, although more study is needed.

Iron may also warrant consideration of genotype-specific recommendations (34,72–74). 

Although more than 90% of patients with hemochromatosis are homozygous for the HFE 

C282Y polymorphism, identification of such homozygotes in the general population has 

revealed that phenotypic penetrance may be as little as 1%. Low penetrance may reflect 

differences in lifestyle, including dietary intake, which provides another example of a 

nutrition-by-genomics interaction. However, low penetrance may also be the result of 

genetic and biochemical redundancy that prevents penetrance of a mutation unless there are 

multiple functional mutations carried by the same person. Metabolic and biochemical 

pathways that are genetically and physiologically redundant are less likely to impact dietary 

requirements. For these and other examples, it will be important to evaluate rigorously both 

the penetrance of the gene variant (contribution of the individual allele to variation in 

nutrient requirements) and the prevalence of the gene variant within the population.

Genomic Criteria for Setting Requirements and Toxicities—Genomic technologies 

that quantify the molecular antecedents of disease promise to provide new criteria for 

establishing numeric standards for nutrient requirements and toxicities (Figure 4). For 

example, somatic cell DNA mutation rates or methylation state can be quantified in 

controlled experimental settings and may predict the risk for late-onset degenerative diseases 

and cancers that may be modifiable by nutrient intakes (75). Intake levels of nutrients 

required for DNA synthesis, including folate, vitamin B-12, niacin, and zinc, may influence 

uracil content in DNA and other indicators of genome stability in humans (76). 

Antioxidants, including carotenoids, vitamin C, and vitamin E, may prevent DNA damage 

due to oxidative stress. A recent randomized, double-blind, placebo-controlled folic acid 

intervention indicated that healthy men and women who consumed a supplement containing 

1.2 mg/day folic acid exhibited significantly lower uracil content in lymphocyte DNA 

compared with the placebo group (76). Further validation of such protective effects on 

genomic outcomes in controlled human trials may indicate benefit in increasing the 

recommended intake levels, potentially to levels that are not normally achievable from a 

natural food-based diet. Likewise, the use of other genomic technologies, including 

expression profiling and proteomics, may provide a comprehensive set of quantitative and 

physiologically relevant biomarkers to assess the relationships among nutrient intakes and 

“metabolic health” (77).
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Personalized Nutrition—The prescription of nutrient intakes to individual genetic 

background, including the use of single nutrients or nutrient restriction to “engineer” 

physiological responses for health benefit or to manage chronic disease, is a hallmark of 

nutritional genomics. High-dose vitamin therapy has been advocated to compensate for 

impaired metabolism resulting from gene mutations and SNPs that impair enzyme function 

(78). Vitamin E and n-3 fatty acid supplements may promote healthy aging and potentially 

longevity by modulating the inflammatory response by altering gene transcription (79). 

Achieving full benefit of such approaches may require intervention during embryogenesis. 

For example, choline (80) or docosahexaenoic acid (81) supplementation during prenatal 

and/or early postnatal period may improve central nervous system function and cognitive 

performance throughout adulthood. Continued progress in these areas requires a greater 

understanding of genome-nutrient interactions that achieve the desired outcome and the 

effectiveness, the associated critical windows, and validation of the safety of the nutritional 

interventions.

However, caution is warranted when dietary approaches aim to optimize functional abilities 

rather than achieve the more traditional goal of preventing nutrient deficiencies. Human 

physiology is not adapted to nutrient intake exposures that exceed what can or has been 

achieved in historical and healthful food-based diets. Therefore, new risks and toxicities 

should be anticipated in population subgroups when nutrients are administered at 

pharmacological levels, as illustrated by the unintended consequences of increased 

consumption of naturally occurring food substances when they are used as food additives 

(eg, fructose) (82). Rigorous hazard identification is essential (83).

CONCLUSIONS

The variation in the human genome that emerged as a consequence of adaptation to local 

food environments is a present-day determinant of food and nutrient tolerances/intolerances, 

risk for metabolic disease, and human nutritional requirements. The more recent and 

unprecedented ability to manipulate the food supply and optimize dietary practices offers the 

opportunity to manage environmental exposures and potentially tailor them to individual 

genetics.

As the field of nutritional genomics matures and the potential benefits of customizing 

nutritional prescriptions based on genetics are demonstrated, registered dietitians will be 

faced with the opportunity of making genetically driven dietary recommendations aimed at 

improving human health. This capacity may also present potential dilemmas because genetic 

subgroups may respond differently to nutrient exposures, with some groups benefiting while 

others accrue risk. Registered dietitians can best prepare to meet these challenges by 

pursuing graduate degrees with genetic and/or molecular biology components, attending 

conferences/seminars featuring presentations on nutritional genomics, and/or engaging 

themselves in the growing body of literature aimed at elucidating relationships between diet 

and genes. In doing so, registered dietitians will be uniquely equipped with the knowledge 

and skills essential for the management and possible exploitation of genome-nutrient 

interactions aimed at improving human health through personalized nutrition. Equally 

important, registered dietitians will need to increase the public’s awareness of the false and 
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exaggerated product claims that threaten to undermine the acceptance and credibility of 

approaches based on genomic information. Lastly, major advancements in the social 

behavioral sciences are essential to apply knowledge gained from nutritional genomics.

The promise of nutritional engineering for optimal health through diet remains a research 

endeavor and a public expectation, as evidenced by the common use of dietary supplements. 

Clearly, addressing current gaps in knowledge is essential for assuring safety as we proceed 

in engineering genome function for optimal health. Among the immediate priorities are the 

need to better understand the role of maternal nutrition in programming and reprogramming 

biological pathways, the associated mechanisms, and long-term health consequences for the 

embryo. Similarly, identifying and classifying human genetic variation that impacts nutrient 

utilization and physiological function will be critical for identifying genetic subgroups for 

whom generalized nutrient requirements do not apply. In the meantime, the Institutes of 

Medicine’s Dietary Reference Intakes (84) represent the best translation of current nutrition 

knowledge into practice.
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Figure 1. 
Nutrient-genome interactions. Nutritional genomics encompasses both nutrigenetics, the 

influence of genetic variation on nutrient utilization/metabolism, food tolerances, and 

nutrient requirements; and nutrigenomics, the modulatory role of nutrients on genome 

evolution, mutation rate, in-utero viability, programming, and expression. In turn, several of 

the nutrigenomic outcomes (ie, genome evolution) contribute to the genetic variation 

observed within genetically diverse human populations. NOTE: This figure is available 

online at www.adajournal.org as part of a PowerPoint presentation.
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Figure 2. 
The fetal origins of disease hypothesis. In utero environmental exposures, including 

nutrition, act early in life to program risk for adult health outcomes. aCVD=cardiovascular 

disease. NOTE: Information from this figure is available online at www.adajournal.org as 

part of a PowerPoint presentation.
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Figure 3. 
Folate-mediated one-carbon metabolism is a conduit between the cellular nutrient 

environment and genome synthesis and methylation. aATP/ADP=adenosine triphosphate/

adenosine diphosphate. bNADP+/NADPH=Nicotinamide adenine dinucleotide phosphate. 

NOTE: This figure is available online at www.adajournal.org as part of a PowerPoint 

presentation.
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Figure 4. 
Possible genomic criteria for establishing dietary requirements. Estimated Average 

Requirement (EAR) represents the intake at which the risk of inadequacy is 0.5 (50%) to an 

individual in a population. Recommended Dietary Allowance (RDA) represents a level of 

nutrient intake at which the risk of inadequacy is less than 3%. Adequate Intake (AI) is not 

based on an EAR but is assumed to be near or above the RDA if one could be calculated. 

The Tolerable Upper Intake Level (UL) represents risk of excess that is set close to 0. 

NOTE: This figure is available online at www.adajournal.org as part of a PowerPoint 

presentation.
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