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There are 2 sources of cholesterol:
food and family.

You bring 2 things to the dinner table —
Your appetite and your genotype.
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The source of phenotypic variation?The source of phenotypic variation?The source of phenotypic variation?

National Museum of HistoryNational Museum of History

The source of phenotypic variation is common genetic The source of phenotypic variation is common genetic 
variation, modified and modulated through epigenetic, variation, modified and modulated through epigenetic, 
environmental, environmental, sociocultural sociocultural and lifestyle filters.and lifestyle filters.
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Linking genotype to phenotypeLinking genotype to phenotypeLinking genotype to phenotype

140 years after Mendel described the first heritable phenotype 140 years after Mendel described the first heritable phenotype 
(round (round --RR verses wrinkledverses wrinkled-- rr) researchers isolated the genetic ) researchers isolated the genetic 
determinant, determinant, ““starch branching enzyme 1starch branching enzyme 1”” (SBE1). The(SBE1). The rrrr
genotype results in the accumulation of sucrose in early seed genotype results in the accumulation of sucrose in early seed 
development which causes these seeds to wrinkle when they development which causes these seeds to wrinkle when they 
mature.  mature.  
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filters of genetic variation
Modifying and Modifying and potentiatingpotentiating
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Life span

It is unlikely that a single gene, SNP, mutation, biomarker or risk 
factor will have positive predictive value for chronic disease
and certain types of cancer.
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Diet is a key componet of our environmentDiet is a key Diet is a key componet componet of our environmentof our environment

glucosinolatesglucosinolates

ResveratrolResveratrol

lycopenelycopene

AllicinAllicin

CLACLA

isoflavonesisoflavones

proanthocyanidinsproanthocyanidinsLutein

nn--3 3 FAsFAs

catachinscatachins

LiminoidsLiminoids

Courtesy of Clare Courtesy of Clare HaslerHasler
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Soy — a model functional foodSoy Soy —— a model functional fooda model functional food

DIETARY INPUTDIETARY INPUT PROCESSPROCESS OUTCOMEOUTCOME

More effective dietary More effective dietary 
Interventions toInterventions to
optimize health and optimize health and 
reduce disease risk

Nutritious foodsNutritious foods
and food supplementsand food supplements
with health promoting with health promoting 
bioactive properties

MolecularMolecular
mechanism(s)mechanism(s)
for bioactivityfor bioactivity

reduce disease riskbioactive properties

IsoflavonesIsoflavones
((genisteingenistein))

ProteinsProteins
((lunasinlunasin))

OilsOils
(n(n--3;n6)3;n6)

Binds Binds hERhERββ receptorreceptor
to affect estrogento affect estrogen--
dependent gene expressiondependent gene expression

Mitigate postMitigate post--
menopausalmenopausal
symptoms, reducesymptoms, reduce
cancer riskcancer risk

InducedInduced chemopreventivechemopreventive
gene expression

Reduce cancer riskReduce cancer risk
gene expression

Binds GPR40 (7Binds GPR40 (7--TMR)TMR) Amplify glucose induced Amplify glucose induced 
insulin secretion insulin secretion 
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repressedrepressed

stimulatedstimulated

From From Hanahan Hanahan and Weinberg, 2000 Cell 100:50and Weinberg, 2000 Cell 100:50--5757

COMMONCOMMON
GENETICGENETIC

VARIATION?VARIATION?
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What next?What next?What next?

Individualized nutrition and Individualized nutrition and 
genomegenome--based dietary based dietary 

recommendationsrecommendations

Roche HoldingRoche Holding’’s s AmpliChip AmpliChip CYP2D6CYP2D6

NitorMedNitorMed’’s BilDils BilDil

CYP2C8 Test for CYP2C8 Test for granulocytopeniagranulocytopenia
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What this entails?What this entails?What this entails?

A multidisciplinary approach to studying diet x gene interactionA multidisciplinary approach to studying diet x gene interactions.s.

Technology for lowTechnology for low--cost, high throughput SNP analysis, sequencing and cost, high throughput SNP analysis, sequencing and 
gene expression profiling.gene expression profiling.

Access to datasets for large, diverse human populations the inclAccess to datasets for large, diverse human populations the include ude 
dietary and medical histories, genotype and gene expression datadietary and medical histories, genotype and gene expression data andand
metabolomic metabolomic profiles on various bodily fluids.profiles on various bodily fluids.

Access to information from studies on model animal systems.Access to information from studies on model animal systems.

Bioinformatic Bioinformatic tools and theories for dimensionality reduction and tools and theories for dimensionality reduction and 
visualization of large, complex datasets.visualization of large, complex datasets.

Use of Use of ““best practicesbest practices”” for the obtaining, storing, and handling for the obtaining, storing, and handling 
confidential information involving human subjects. confidential information involving human subjects. 

A A ““systems biologysystems biology”” approach to investigating the relationship between approach to investigating the relationship between 
nutrition and disease.nutrition and disease.
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The need for systems biologyThe need for systems biologyThe need for systems biology
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Systems biologySystems biologySystems biology

proteinproteintranscriptranscrip--
tometome proteomeproteome

genegene

genotypegenotype

gene gene 
expression expression 

profilingprofiling

informationalinformational
networks

InformaticsInformatics

metabolomemetabolome
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Experiments are 
designed with the 
assumption that only a 
few parameters change 
from sample to sample

Caloric RestrictionCaloric Restriction
v.s.v.s.

Control DietControl Diet

The datasets may reduced 
back to a few embedded 
dimensions responsible for 
observed changes 

Biochemical pathwayBiochemical pathway

InflammationInflammation

OncogeneOncogene--inducedinduced
pathwaypathway

Tens of thousands of 
genes are tested on 
tens and hundreds of 
samples

High
Dimensionality

High
Dimensionality

The need for systems biology: the 
case for dimensionality reduction
The need for systems biology: the The need for systems biology: the 
case for dimensionality reductioncase for dimensionality reduction

InformaticsInformatics

Expression profileExpression profile
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Systems Biology and HealthSystems Biology and HealthSystems Biology and Health

Systems biology involves the representation and analysis of Systems biology involves the representation and analysis of 
an intact biological system. Like many of the technological an intact biological system. Like many of the technological 
developments over the past 20 years, such as genomics, developments over the past 20 years, such as genomics, 
proteomics, combinatorial chemistry, and bioinformatics, proteomics, combinatorial chemistry, and bioinformatics, 
there is high hope that systems biology will help move there is high hope that systems biology will help move 
molecular research closer to the practice of medicine. molecular research closer to the practice of medicine. 
Science traditionally has taken aScience traditionally has taken a reductionist reductionist approach that approach that 
evolves to focus on the integration of data from these new evolves to focus on the integration of data from these new 
technologies, but will this be enough to effect the transition technologies, but will this be enough to effect the transition 
from data to information, to knowledge to biomedical from data to information, to knowledge to biomedical 
application?application?

Michael N. Michael N. Liebman Liebman Ph.D. U. PennPh.D. U. Penn
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Nutritional genomics is the study of the molecular 
interactions between nutritional stimuli and the genome,
and how these interactions promote health 
or cause disease in human populations.

Nutritional genomics is the study of the molecular Nutritional genomics is the study of the molecular 
interactions between nutritional stimuli and the genome,interactions between nutritional stimuli and the genome,
and how these interactions promote health and how these interactions promote health 
or cause disease in human populations.or cause disease in human populations.

Social/CulturalSocial/Cultural
ContextContextGenomicsGenomics

FoodFoodHealthHealth
NutritionalNutritional
GenomicsGenomics

NutritionNutrition

Diet x GeneDiet x GeneMarkersMarkers
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Sources of nutrigenomic complexitySources of Sources of nutrigenomic nutrigenomic complexitycomplexity

Variety of foodsVariety of foods
Seasonal variations in food Seasonal variations in food 
selection and contentselection and content
Food fads and public response Food fads and public response 
to news, studies and adsto news, studies and ads
Food preparation and cookingFood preparation and cooking
Cultural and religious backgroundCultural and religious background
SocioSocio--economic status, income, economic status, income, 
geographic environmentgeographic environment
Access to health careAccess to health care
Age and health statusAge and health status
Exercise, lifeExercise, life--stylestyle
Genetic background Genetic background 
Complexity of diseaseComplexity of disease
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Common genetic variation: 
The source of phenotypic variation
Common genetic variation: Common genetic variation: 
The source of phenotypic variationThe source of phenotypic variation

National Museum of HistoryNational Museum of History

Nutritional genomics seeks to link diet and disease risk Nutritional genomics seeks to link diet and disease risk 
through common genetic variation in human populationsthrough common genetic variation in human populations
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The case for nutritional genomics. The case for nutritional genomics. 
Newborn Testing. Newborn Testing. 
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Since 1962, millions of infants 
have been screened for IBEMs
Since 1962, millions of infants Since 1962, millions of infants 
have been screened for have been screened for IBEMsIBEMs

188 188 ““genetic diseasesgenetic diseases”” (inborn errors of (inborn errors of 
metabolism metabolism —— IBEM) have been identified.IBEM) have been identified.
Last year, 7 million US newborns were Last year, 7 million US newborns were 
screened for from 4 to 16 screened for from 4 to 16 IBEMsIBEMs..
3000 infants were diagnosed with serious 3000 infants were diagnosed with serious 
disordersdisorders
Every state screens for PKU, Every state screens for PKU, galactosemiagalactosemia

Dietary intervention is the Dietary intervention is the 
preferred treatment for preferred treatment for 
PKU and PKU and galactosemiagalactosemia..
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The case for nutritional genomics. The case for nutritional genomics. 
What the experts are say. What the experts are say. 
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““Single nucleotide polySingle nucleotide poly--
morphisms morphisms provide aprovide a
powerful tool for investpowerful tool for invest--
igating igating the role of nutritionthe role of nutrition
in human health andin human health and
disease and disease and ……cancan
contribute to the definition contribute to the definition 
of optimal diets.of optimal diets.””

Prof. Bruce N. Ames, Prof. Bruce N. Ames, 
CHORI  Director, Pilot CHORI  Director, Pilot 
Projects CoreProjects Core
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••Human genome consists of Human genome consists of 
3 billion base pairs3 billion base pairs

••Humans are 99.9% identical Humans are 99.9% identical 
at the DNA levelat the DNA level

••0.1% difference represents0.1% difference represents
~6 million ~6 million SNPsSNPs

••150,000 to 300,000 are coding150,000 to 300,000 are coding
SNPs SNPs ((cSNPscSNPs

1/3 of 1/3 of cSNPs cSNPs in the enzymein the enzyme--
encoding gene > encoding gene > KKmm of the of the 
enzyme.enzyme.

http://http://snpsnp..cshlcshl.org; .org; 

http://http://snpsnp..imsims.u.u--tokyotokyo.ac..ac.jpjp
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Coding Coding SNPs SNPs and the and the KKmm Concept*Concept*

SNPs SNPs that increase the that increase the KKmm reduce the enzymereduce the enzyme’’s affinitys affinity
for its substrate or cofactors, thus reducing its reaction rate.for its substrate or cofactors, thus reducing its reaction rate.

http://http://phillipsphillips..mbbmbb..kiki.se/frames/structures/ADH2.html.se/frames/structures/ADH2.html

““About 50 human genetic About 50 human genetic 
disease are the result of disease are the result of 
defective enzymes that can defective enzymes that can 
be remedied or ameliorated be remedied or ameliorated 
by administering high doses by administering high doses 
of the vitamin component of of the vitamin component of 
the corresponding coenzyme.the corresponding coenzyme.””

* Ames et al, * Ames et al, Am. J. Am. J. ClinClin. . NutrNutr.. 75, 616 75, 616 –– 658 (2002)658 (2002)
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Potential Vitamin Responsive Potential Vitamin Responsive SNPsSNPs

* Increased * Increased KKmm for cofactor = decreased affinityfor cofactor = decreased affinity
†† Asian heterozygote + homozygoteAsian heterozygote + homozygote
‡‡ Rural southern India, may be aided by increased intakeRural southern India, may be aided by increased intake
http://www.http://www.kmmutantskmmutants.org/.org/

MTHFRMTHFR FADFAD 677C677C→→TT 222A222A→→VV ~15~15

ALDHALDH NADNAD -- 487E487E→→KK ~50 ~50 †† 150 fold 150 fold 

EnzymeEnzyme CofactorCofactor ∆∆ bpbp ∆∆ aaaa Freq(%)Freq(%) KKmm **

GPDHGPDH NADPNADP 131C131C→→GG 44A44A→→GG 1111 5 fold 5 fold ‡‡
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Example of SNP-Based
Adverse Diet/Gene Interaction
Example of SNPExample of SNP--BasedBased
Adverse Diet/Gene InteractionAdverse Diet/Gene Interaction

Nature GeneticsNature Genetics
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The frequency of lactose intolerance
varies with age, race and ethnicity
The frequency of lactose intoleranceThe frequency of lactose intolerance
varies with age, race and ethnicityvaries with age, race and ethnicity

Lactose IntoleranceLactose IntoleranceN. EuropeanN. European
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N. American JewsN. American Jews

Mexicans Mexicans -- ruralrural

African American African American -- adultadult

Alaskan NativeAlaskan Native

Asian AmericansAsian Americans
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Afr Afr American childrenAmerican children

Indian adultsIndian adults
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SNPs SNPs reducereduce
transcription of transcription of 

lactaselactase
genegene

C/TC/T--1391013910 G/AG/A--2201822018

Enattah Enattah et al. et al. Nat GenetNat Genet 2002 Feb 30(2):2332002 Feb 30(2):233--77

AdultAdult--type type hypolactasia hypolactasia locuslocus

Lactase                          MCM6Lactase                          MCM6
2q212q21
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If common genetic variants (e.g., If common genetic variants (e.g., 
SNPsSNPs) in genes encoding enzymes (or ) in genes encoding enzymes (or 
their promoters), can affect reactions their promoters), can affect reactions 
rates in metabolic pathways, then rates in metabolic pathways, then 
these genetic variation in human these genetic variation in human 
populations may explain differences in populations may explain differences in 
the way we respond to, and benefit the way we respond to, and benefit 
from, our nutritional environment.from, our nutritional environment.
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Lactose intoleranceLactose intolerance

Alcohol intoleranceAlcohol intolerance
GalactosemiaGalactosemia

GPDHGPDH
MTHFRMTHFR

PKUPKU
Adverse diet/genome interactionsAdverse diet/genome interactions
due to well known mutations and due to well known mutations and 
common genetic variants arecommon genetic variants are
just the tip of the iceberg.

NAT2NAT2

??
just the tip of the iceberg.
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What are some of the otherWhat are some of the other SNPs SNPs that may be that may be 
keeping us from deriving full benefit from our keeping us from deriving full benefit from our 
nutrition?nutrition?

What genetic variants are we carrying in our What genetic variants are we carrying in our 
genome, that over time, and in response to the foods genome, that over time, and in response to the foods 
we eat, will increase our risk of disease?we eat, will increase our risk of disease?

What adjustments can we make in our diets now What adjustments can we make in our diets now 
that will compensate for the dietthat will compensate for the diet--related genetic related genetic 
variants so that we can achieve and enjoy optimal variants so that we can achieve and enjoy optimal 
health earlier and maintain it longer?health earlier and maintain it longer?


