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included to educate the participant 
on products that are marketed to 
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(Kreutzer)



Core Knowledge and Competencies for the 
Registered Dietitian (6/1/2022)

KRDN 3.5. Describe concepts of nutritional 
genomics and how they relate to medical 

nutrition therapy, health and disease.

 
CDRnet.org



• 1999 – beginning of research using Systems Biology
• June 2000 – US and UK complete entire Human Genome Sequence the Human Genome 

Project (HGP). Cost $ 100 million.  (Today $ 1,000)
• 2002 first GWAS published myocardial infarction. Landmark GWA 2005 study investigating 

patients with age-related macular degeneration (2 SNPs with significantly altered allele frequency 
compared to healthy controls)

• 2014  - Precision Medicine – President Obama – look at genetic variants across genome 
in diverse populations (race, culture)

• 2015 – US Proposes analyzing DNA from 1 million people (All of Us Study). $ 215 million
• $130 M – 1 million people study, $70 M Ntl. Cancer Institute, $10 M FDA database 

for regulatory structure, $5 M Health Info. Tech. develop privacy stds. and secure 
exchange of data.

• 2017 – US FDA approved 23 and Me to provide general recs. for health based on SNP 
data

Partial History Genomics



SYSTEMS BIOLOGY
Moore, 2020



APP for Estimating
 Longevity 

Insidetracker.com

Apple Smart Watch 
• BP
• Heart
• Steps, laps
• Calories
• Pulse Oximeter

Diabetes patch and pump Early Adopters are Onboard





What if…. We could wear a sensor that told us what we needed to eat each day, 
each meal?  Would we take more responsibility for our health?
What information would we need to direct such a device?  Are were there?





April 2005, Vol. 105, #4, pg.589



Feb. 2014, 
Vol. 114, #2, 
pg.299







Definitions
Epigenetics -  the study of gene activity during the development of 
complex organisms. Epigenetic can be used to describe anything other 
than DNA sequence that influences the development of an organism. 
Variance in phenotype without change in DNA sequence.
Genome – The sum of all genetic material of an organism, includes genes
Genomics – The study of genomes, composition, organization and their 
function
Phenome – set of all phenotypes expressed by a cell, tissue, organ, or 
organism, examples of human phenotypic traits are skin color, eye color, 
height, taste variation, personality characteristics.
SNP – Single nucleotide polymorphism - phenotypic expression may be 
influenced by environmental influences, mutation, and genetic variation



Epigenetic mechanisms are 
affected by development in utero 
and in childhood, environmental 
chemicals, drugs and 
pharmaceuticals, aging, and 
diet. DNA methylation is what 
occurs when methyl groups, can 
tag DNA and activate or repress 
genes. Histones are proteins 
around which DNA can wind for 
compaction and gene regulation. 
All of these factors and 
processes can have an effect on 
people’s health, possibly 
resulting in cancer, autoimmune 
disease, mental disorders, or 
diabetes among other illnesses. 

National Institutes of Health 



The Agouti gene, makes mice fat & yellow 
when NOT silenced. When silenced, in 
pups of vitamin-dosed mothers, results in 
a healthy brown mouse. (discovered 1994)

Epigenetic mechanisms include chromatin folding and 
attachment to the nuclear matrix, packaging of DNA around 
nucleosomes, covalent modifications of histone tails (e.g. 
acetylation, methylation, phosphorylation), and DNA 
methylation. The influence of regulatory small RNAs and micro 
RNAs on gene transcription is also increasingly recognized as a 
key mechanism of epigenetic gene regulation.   Exposure to  
bisphenol A and deficiency of  methyl-related nutrients include 
folate, methionine, Vitamin B12 and Vitamin B6.

Mouse given folic acid & choline 
before, during and after pregnancy 
gives birth to thin, brown pups.  
Agouti Gene is silenced.



How Much do we Need?

Each individual 
may require a 
different level of 
nutrients because 
of their unique set 
of genetic 
variations

rs1801133(C;T)
1 copy of C677T 
allele of MTHFR = 
65% efficiency in 
processing folic 
acid *

*may require L-5-MTHF 
supplement, not 
synthetic Folic Acid



Genome Wide Association Study (GWAS)
• GWAS is an observational study of a genome-wide set of genetic variants in different 

individuals to see if any variant is associated with a trait. 
• GWAS typically focus on associations between SNPs or traits like major human diseases.  

Each person gives a sample of DNA, from which millions of genetic variants are read using 
SNP arrays. If one type of the variant (one allele) is more frequent in people with the 
disease, the variant is said to be associated with the disease. The associated SNPs are then 
considered to mark a region of the human genome that may influence the risk of disease.

• GWAS studies investigate the entire genome, in contrast to methods that specifically test a 
small number of pre-specified genetic regions.  GWA studies identify SNPs and other 
variants in DNA associated with a disease, but they cannot on their own specify which 
genes are causal.  

• The first successful GWAS was published in 2005. It investigated patients with age-related 
macular degeneration and found two SNPs with significantly altered allele frequency 
compared to healthy controls. 

Adapted Wikipedia definition GWAS, 4/2020



GWAS

    

GENOME WIDE ASSOCIATION STUIDES
An illustration of a Manhattan plot showing several strongly associated risk loci. Each dot represents a SNP, with the X-axis showing 
genomic location and Y-axis showing the level of association.  This example looks at microcirculation, the highest point indicates genetic 
variants that more often are found in individuals with constrictions in small blood vessels.

Ikram MK, Sim X, Xueling S, Jensen RA, Cotch MF, Hewitt AW, et 
al. (October 2010). McCarthy MI, ed. Four novel loci (19q13, 6q24, 
12q24, and 5q14) influence the microcirculation in vivo. PLoS 
Genetics. 6 (10): e1001184.



Direct to Consumer  & MD ordered tests for genetic variants
• 23 and Me $ 199 (ancestry and health), $99 ancestry only
• Ancestry.com $ 99;  Family Tree DNA $ 99
• Disease-Specific Companies defining risk for specific conditions, look 

at only limited SNPs, which often need to be reviewed by MD
• Whole exome eval. 31 million data points $700 vs. 23&Me Gene 

Array 700,000 data points
• SNPedia - a Wiki investigating human genetics. Information about the 

effects of variations in DNA, citing peer-reviewed scientific 
publications. 

• ClinVar  - Aggregates information about genomic variation and its 
relationship to human health.





Genetic Testing is here – 
Ancestry, Health, Disease, 
Medications



https://www.dnaweekly.com/blog/best-nutrition-dna-tests/#more-
tests

What information will a personalized nutrition DNA test tell me?
A personalized nutrition test will provide you with several important pieces 
of information for devising your optimal diet:
•The right portions of fat, carbohydrates, and proteins to include in your 
meals
•A detailed nutrient report that details predispositions to vitamin 
deficiencies and suggests ideal amounts of micronutrients
•A substance metabolism report that shows how well you will metabolize 
caffeine, alcohol, and other substances
•A food sensitivity report that identifies lactose intolerance, cilantro 
aversion, bitter taste, and other things

SAMPLE DNA TESTING INFORMATION NUTRITION





Upload your own DNA, provide recs. for vit/supplement, talk with an RDN

$ 159.00 $ 179.00

https://get.genopalate.com/









23 and Me 



ANCESTRY

23&Me



#AncestryDNA raw data download
#This file was generated by AncestryDNA at: 09/21/2018 17:09:47 MDT
#Data was collected using AncestryDNA array version: V1.0
#Data is formatted using AncestryDNA converter version: V1.0
#Below is a text version of your DNA file from Ancestry.com DNA, LLC.  THIS 
#INFORMATION IS FOR YOUR PERSONAL USE AND IS INTENDED FOR GENEALOGICAL RESEARCH 
#ONLY.  IT IS NOT INTENDED FOR MEDICAL OR HEALTH PURPOSES.  THE EXPORTED DATA IS 
#SUBJECT TO THE AncestryDNA TERMS AND CONDITIONS, BUT PLEASE BE AWARE THAT THE 
#DOWNLOADED DATA WILL NO LONGER BE PROTECTED BY OUR SECURITY MEASURES.
#WHEN YOU DOWNLOAD YOUR RAW DNA DATA, YOU ASSUME ALL RISK OF STORING, 
#SECURING AND PROTECTING YOUR DATA.  FOR MORE INFORMATION, SEE ANCESTRYDNA FAQS. 

#Genetic data is provided below as five TAB delimited columns.  Each line 
#corresponds to a SNP.  Column one provides the SNP identifier (rsID where #possible).  
Columns two and three contain the chromosome and base pair position 
#of the SNP using human reference build 37.1 coordinates.  Columns four and five 
#contain the two alleles observed at this SNP (genotype).  The genotype is reported 
#on the forward (+) strand with respect to the human reference.
rsid chromosome position allele1 allele2
rs4477212 1 82154 T T
rs3131972 1 752721 A G
rs12562034 1 768448 G G
rs11240777 1 798959 A G



•Apolipoprotein E4 (APOE 4) The E4 allele (epsilon 4 allele or APOE ε4) is characterized by 
a “C” nucleotide at both the rs7412 and rs429358 SNPs . Though only present in about 
14% of the population, nearly 40% of Alzheimer’s disease patients have a copy of this 
Apolipoprotein E allele.



… how carriers might ameliorate risk through lifestyle and nutrition. We use these data as a basis 
to speculate a precision nutrition approach for ApoE4 carriers, including a low-glycemic index diet 
with a ketogenic option, specific Mediterranean-style food choices, and a panel of seven 
nutritional supplements.



23 and Me Report



23 and Me Report



LACTOSE INTOLERANCE

23 and Me Report





Clinical Nutrition Applications
• How does a Dietitian use this information?
• Tailored wellness and nutrition interventions
• e.g. MTHFR  - If someone has an MTHFR defect, 

the mutation interferes with the body’s ability to 
use the converted folate it needs. That’s when 
MTHFR symptoms arise.  People with MTHFR 
gene defects should decrease or stop 
supplements of synthetic folic acid and add a 
methyl folate supplement (L-5-MTHF supplement) 
under a doctor's care.





https://www.cdc.gov/ncbddd/folicaci
d/mthfr-gene-and-folic-acid.html



RS762551 – Caffeine Metabolism



23 & Me 





SNPedia Caffeine Metabolism





Example: Clinical Nutrition Recommendations
• Review genetic data with your primary physician 
• Regularly review laboratory data including lipid panel, hsCRP, HgA1C; Recommend a target of 

total cholesterol below 180; Recommend a target HgbA1c below 5.2 – consider various diet 
and exercise approaches.  

• Monitor blood pressure, treat as needed – recommend a target of systolic blood pressure of 
120 mm HG)

• Mediterranean Diet:  Minimize meat and dairy, increase plant-based foods; include Olive Oil, 
nuts, regular fish intake.  

• Increase intake of natural phytochemicals (berries, vegetables, other fruits)
• Reduce stress through yoga, meditation, music
• Optimize sleep
• Exercise at least 30-60 minutes per day 



International Society of Nutrigenomics and Nutrigenetics (ISNN)



International Society of Nutrigenomics and 
Nutrigenetics (ISNN)

https://www.nutritionandgenetics.or
g/join/

RD Membership $125
Student $ 25



VISIT  - Webinars - AND Dietetic Practice Group
Dietitians in Integrative and Functional Medicine 

(DIFM)



Legal, Ethical, Confidentiality
1. Not to be taken lightly, what if?
2. If data are not used now could 

they be used in future?
3. How can you protect your data?
4. What will you do with the 

information?



Genetic Information  Nondiscrimination Act 
(GINA) 2008

• Ensures that Americans will not be 
discriminated against with respect to 
employment and health insurance.  

• California Genetic Information 
Nondiscrimination Act (CalGINA)(2011)



Next Steps
• Spit, Explore, Learn
• Apply – in addition to existing assessment measures
• Exercise caution
• Cracking Your Genetic Code (2015) NOVA
• Ghost in Your Genes (2007) (ihavenotv.com) NOVA
• AND Consensus Report July 2020 “This systematic review 

….. Weak quality evidence ….. Field is still maturing”.
• Read research articles 

2014



Recent SNPs Studied by Students at USC
1. Perilipin1 (PLIN1) Meal Timing and Weight Loss
2. Type 1 Diabetes & Celiac Disease [rs3184504 (T,T)] 
3. MTHFR C677T Folate & Depression and Colorectal Cancer 
4. MDRI/ABCB1 Cancer Risk
5. NAT2/C282T Chemical Detoxification & Cancer Risk
6. rs2282679 Low Vitamin D Levels and Colorectal Cancer Risk
7. CTEP (rs5882) Aging, Longevity and Alzheimer’s Disease
8. TAS2R38 (rs10246939, rs1726866, rs713598) Taste Perception
9. FUT2 gene and Vitamin B12 Status (rs602662, rs601338)
10. FTO (rs9939609) Obesity and Type 2 Diabetes and Physical Activity; Ghrelin and Obesity
11. Caffeine Metabolism CYP1A2 (rs762551)
12. AGT Gene and M235T (rs699) and Hypertension (HTN)
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