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Genome versus Epigenome

The total length of the human genome
is over3 billion base pairsThe

genome is organized into 22 paired
chromosomes, plus the X chromosome
(one in males, two in females) and, in
males only, one Y chromosome.
Genetic Variation

LastUpdated: Build 150 (Feb 3, 2017)
RefSNRount:325.7 Million
SubSNREount: 907.2 Million

Residing within the human genome are
approximately30 million CpGdinucleotides
which areunmethylated hemimethylated or
abundantly methylated; varying according to
region on chromosome, alleles, type of cell or
phase of development
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The CDC Recognizes Newborn
Screening in the "Ten Great Public
HealthAc hi evement so

.

Newborn Screening:
Saves or Improves
the Lives of Over

12,000

Babies a Year!
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RESULTS
Health Department
staff calls
pediatriclan/parents to
request re-testing baby.
Medical specialists
perform tests and
make diagnosis.

explains newborn
screening process to
expectant parents.

FOLLOW-UP
Medical specialists and
pediatrician develop a
treatment plan and
guide parents in caring
for baby.

parents at baby's
first wellness visit.
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The American College
of Medical Genetics
estimates that about
12,000 of the 4.2
million babies born
each year in the United
States will be identified
with one of the
conditions for which
early intervention will
have a significant
impact on the child's
life and long-term
health."



The Economic Benefits of Newborn Screening in the United States

The overall health benefits of treating infants for Inherited disorders are clear. But there's a strong economic case for screening as well. Scott Grosse,
PhD, a research economist with the CDC, has studied the economic benefits, using congenital hypothyroidism (CH) as a model.

CH Is one of the most common conditions detected by newborn screening: about 4,000 Infants each year inthe United States are found to have it.
Left untreated, CH can cause cognitive problems and even severe intellectual disability in many of these babies.

in care and lost productivity screening program

160 people x$1.3 MILLION -

$200+ MILLION Vl screening sa
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Each year
1,170 INFANTS GOSTS
born with CH are saved from
negative cognitive outcomes 335
160 would have had cost of CH screening
B intellectual disability: 1Q < 70 per infant
“ 1 1Q point = 1%-2% rise in eamings
TT] 3 $20 MILLION
z Each1Q<70 -$1.3 MILLION COST cost of an annual nationwide CH
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If undiagnosed and untreated, these disorders can cause
Irreversible mental retardation (ranging from mild to severe),
physical disability, neurological damage and even fatality.
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Medical Foods: Annual costs range front3

to almost $25,000 for an adult male or pregnant woman



POSITIVE SELECTIONIN T

Correlationcoefficients,of allele frequencies
at specific.gene variants with.economic

LCT - APOE ADH1B
13910T ed 48His

cultural type

R= 0.557
P=0.000
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Nutrition-related economic/cultural
environment and Pathogens had a
significant influence over the shaping
and evolution of the human genome

HE HUMAN GENOME

Correlationcoefficients, of allele frequencie
at specific.gene variants with pathogen:loa

G6PD ADH1B
48His

Malaria R=0.520
] P=0.000
Schistosom‘iasis R=0.524
‘ P=0.000

i
R=0.452 R=0.821
P=0.000 P=0.001

Filariasis




Why some like it fatty (or not)?

OPRM1

APOA2 rs495491,
rs563649,
rs2281617

rs5082

CD36

FTO 1761667
rs y
rs9939609 rs1527483

MC4R . 9 LER
rs17782313 | R rs7799039

Chmurzynsk#@ and MlodzikMA. NutritionResearch Reviews (2017), 30, 406/



General characteristics of the study population.®

n
Age, years

Weight, kg®

Height, m®

BMI, kg/m*

Waist circumierence, m®
Hip circumierence, m®
Cholesterol, mmol/L

LDL cholesterol, mmol/L®
HDL cholesterol, mmol,/L®
Triglycerides, mmol/L®
VLDL size, nm

LDL size, nm®

HDL size, nmb

Fasting glucose, mmol /L%
Energy intake, KJ/day®
Total fat, g/day®

SATFAT, g/day®?

MUFA, g/day®

PUFA, g/day®

Proteins, g/day®
Carbohydrates, g/day®
Current smokers, n (%)
Past smokers, n (%)°
Current drinkers, n (%)

Diabetes or high blood sugar,

n (%)
Heart attack, n (%)®
Stroke, n (%)
Obesity, n (%)
APOAZ —265T=C
polymorphism, n (%)
T
TC
cC

Man
514
49.1 (16.1)
90.5(16.4)
1.783(0.72)
28.5(4.9)
1.00 (D.14)
1.05 (D.09)
4.91 {D.97)
3.191(0.79)
1.08 (D.25)
1.70(1.25)
51.25 (7.32)
20,48 (0.78)
8.65 (0.38)
5.84 (1.10)

9994 (3853}

97.2 (43.5)
33.0 (15.9)
36.9 (16.8)
19.9(9.5)

94.4 (39.9)

279.8 (112.9)

39 (7.6)
135(26.3)
254 (49.4)

34 (6.6)

25 (4.7)
5(1.0)
167 (32.5)

188 (36.6)
251 (48.8)
75 (14.6)

# Data are mean (SD) except where noted.
B Statistically significant differences between men and women.

Women
564
421 (16.3)
75.91017.1)
1.65 (0.68)
28.01(6.2)
0.92 {0.75)
1.08 {0.14)
4.96 (1.04)
3.10(0.23)
1.35{0.36)
1.41{0.93)
51.17 (7.50)
21.10(0.87)
9.02 (0.44)
5.43(0.88)

7261 (2684)

68.1 (30.4)
22.6 (10.3)
253(11.5)
15.2 (7.3)
638.1(26.6)
218.4 (837.6)
42 (7.5)
100 (17.8)
291 (51.6)
52(9.2)

51(0.9)
3 (0.5)
192 (34.0)

213 (37.8)
261 (46.3)
90 (16.0)
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Genotype-Phenotype Associations:
APOA2 m265T>C, caloric intake and

TT+TC

29.9 (1.1) kg/rh

87.9 (3.3) kg

30.9 (1.2) kg/rA

92.1 (3.5) kg

Estimated means and p values were adjusted for sex,
tobacco smoking, alcohol consumption, diabetes, and CVD

CorellaD, et al.ClinChem. 2007:53:11482;



GENOTYPE-PHENOTYPE ASSOCIATIONS AND INTERACTIONS:
APOA2 M265T>C, SATURATED FAT AND BMI

30 Framingham 32 GOLDN
29 Pi=0.013 31 Pi =0.009
28 30
27 + LSED S o= LSFD
o6 mHSFD 28 m HSFD
25 27
TT+TC TT+TC
36 Boston-Puerto Rican We have replicated a gene-dietary fat interaction between a functional
Pi=0.002 promoter SNP at the APOA2 locus and BMI in 6 independent
34 Populations and 5 ethnicities across the Wor!d
32
30 || LSFD
28 1— mHSFD
26 -

TT+TC

African-American
_ mCC
Asian = CT
European | | . | | | uTT

0% 20% 40% 60% 80% 100%

Smith CE et allnt JObes 2011 Ma8.;CorellaD et al.Int JObes 2010 Oct 26 CorellaD, et al. Arch Intern Med2009;169:189906; CorellaD, et al.ClinChem.
2007;53:11482; DelgadeListaJ et al. Nutr. 2007;137:2028







Epigenetics in Nutrition Research

choline

8 vitamins
betaine
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The Dutch Famine of 1944506 | &1 ®©F @ & 5 dzi OK

Germany occupied parts of the
Netherlands and prohibited food
transport in Nov. 1944 until May 1945.

Adult rations were as low as 4@&D0
calories/day

4.5 million people affected and the
number of deaths have been estimated |
22.000.

F1 offspring affected during migestation
(May-Sept 1945) and late gestation (Feb
June 1945) had low birth weight. F1
offspring affected during early gestation
had normal birth weightRooji 2006)

F1 adults exposed to famine had i |mpa|re

glucose tolerance and developed insulin -

resistance. This was more prominentin | .
exposed during mid and late gestation.
This increased their risk of developing
type 2 diabetes.Ravellj 1988)
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Season of Conception in Rural Gambia Affects DNA
Methylation at Putative Human Metastable Epialleles

SENEGAL

80+

60+

40-

% Methylation

20+ - -

Survivors (%)

100

HR = 10.3 (P = 0.00002)

90

HR = 3.7 (P = 0.000013)
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WaterlandRA et al. (2010PLoS5enet 6(12): e1001252.
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Whole Fruit
Us-
Fruit Juice

o Whole fruits vs. Fruit Juices

* Richin fiber * Deficient in fiber
* Low energy * High energy (added sugar)

¢ Vitamins and minerals are *® Most of the vitamins and
intact minerals are lost



Fruit and Juice Epigenetic Signatures Are Associated
with Independent Immunoregulatory Pathways

12

10

-log,( P-value)
-log,,(P-value)

Chromosome

deEIP

GENOTYPES and PHENOTYPES

NicodemusJohnson JinnottRA.Nutrients. 2017Jul14;97). pii: E752.



Fruit and Juice Epigenetic Signatures Are Associated
with Independent Immunoregulatory Pathways

SIRTY)
Thefl’uit-SpeCifiC epigenetic Signature was ennCHedonly The juicespeciﬁc epigenetic Signature was enriche
adaptive immune SyStem geness well ashose involved in cell for innateand adaptive'mmune System genes,
cycle regulation and chromosome or telomenaintenance.

NicodemusJohnson J5innottRA. Nutrients. 2017 JU#;9(7). pii: E752.



The integration of Genetics and

Epigenetics in Nutrition Research
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A We found that over 80% of genetic variantSCuGsites

(meSNPgaremeQTUoci (P value < $0f andmeSNPs ‘—>

account for over two thirds of the strongesteQTL
signals (P value <46}."

A Beyond direct effects on the methylation of thneeSNP
site, theCpGdisrupting allele omeSNPsvere associated
with lowered methylation ofCpGsites located within 45
bp. The effect oineSNP&xtends to as far as 10 kb and
can contribute to the observetheQTLsignals in the
surrounding region, likely through correlated methylation
patterns and linkage disequilibrium.

A Therefore,meSNPsire behind a large portion of
observedmeQTlLsignals and play a crucial role in the
biological process linking genetic variation to epigenetic
changes.

ZhiD. et al Epigenetics. 2013 Aug;8(8):862
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Epigenetics Meets Genetics (and Nutrition) a @([[V\ <Ol
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Cholesterol

LIPID PROFILE

<200
mg/dl

200-239
mg/dl

240
mg/dl

Triglycerides

<150
mg/dl

150-199
mg/dl

200-499
mg/dl

HDL
cholesterol

60
mg/dl

35-45
mg/dl

<35
mg/dl

LDL
cholesterol

60-130
mg/dl

130-159
mg/dl

160-189
mg/dl

Cholesterol/
HDL ratio

4.0

5.0

6.0
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circulating EPA and plasma HDLC levels



