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Residing within the human genome are 
approximately 30 million CpG dinucleotides 
which are unmethylated, hemi-methylated or 
abundantly methylated; varying according to 
region on chromosome, alleles, type of cell or 
phase of development 

The total length of the human genome 
is over 3 billion base pairs. The 
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 
Last Updated: Build 150 (Feb 3, 2017) 
RefSNP Count: 325.7 Million 
SubSNP Count: 907.2 Million  







The CDC Recognizes Newborn 

Screening in the "Ten Great Public 

Health Achievements” 

 
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." 





Medical Foods: Annual costs range from $2,254 for an infant 
to almost $25,000 for an adult male or pregnant woman. 

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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Correlation coefficients of allele frequencies 
at specific gene variants with economic-
cultural type 

Correlation coefficients of allele frequencies 
at specific gene variants with pathogen load 
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Chmurzynska A and Mlodzik MA. Nutrition Research Reviews (2017), 30, 106–117 
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Estimated means and p values were adjusted for sex, 
tobacco smoking, alcohol  consumption, diabetes, and CVD  

8456 (413) kcal 

9371 (497) kcal 

Corella D, et al. Clin Chem. 2007;53:1144-52; 



Pi =0.009 

 

We have replicated a gene-dietary fat interaction between a  functional 

promoter SNP at  the APOA2 locus and BMI in 6 independent 

Populations and 5 ethnicities across the World  

Smith CE et al. Int J Obes. 2011 Mar 8.; Corella D et al. Int J Obes. 2010 Oct 26.; Corella D, et al. Arch Intern Med. 2009;169:1897-906;  Corella D, et al. Clin Chem. 
2007;53:1144-52; Delgado-Lista J et al. J Nutr. 2007;137:2024-8  

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

European

Asian

African-American
CC

CT

TT









The Dutch Famine of 1944-45 (a.k.a. “Dutch Hunger Winter”) 

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

• Adult rations were as low as 400-800 
calories/day 

• 4.5 million people affected and the 
number of deaths have been estimated in 
22,000. 

 

• F1 offspring affected during mid-gestation 
(May-Sept 1945) and late gestation (Feb-
June 1945) had low birth weight. F1 
offspring affected during early gestation 
had normal birth weight (Rooji, 2006) 

• F1 adults exposed to famine had impaired 
glucose tolerance and developed insulin 
resistance. This was more prominent in F1 
exposed during mid and late gestation. 
This increased their risk of developing 
type 2 diabetes. (Ravelli, 1988) 

A lowess curve depicting the average within-
pair difference (y axis) stratified by the 
estimate of the start of pregnancy (LMP; x 
axis). Each coloured line represents an 
individual prenatal malnutrition-associated 
differentially methylated regions (P-DMRs) 
(Tobi, 2014)  
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Nicodemus-Johnson J, Sinnott RA. Nutrients. 2017 Jul 14;9(7). pii: E752. 



Nicodemus-Johnson J, Sinnott RA. Nutrients. 2017 Jul 14;9(7). pii: E752. 

 The juice-specific epigenetic signature was enriched 
for innate and adaptive immune system genes, 

 The fruit-specific epigenetic signature was enriched for only 
adaptive immune system genes, as well as those involved in cell 
cycle regulation and chromosome or telomere maintenance. 





• We found that over 80% of genetic variants at CpG sites 
(meSNPs) are meQTL loci (P value < 10−9), and meSNPs 
account for over two thirds of the strongest meQTL 
signals (P value < 10−200). 

 
• Beyond direct effects on the methylation of the meSNP 

site, the CpG-disrupting allele of meSNPs were associated 
with lowered methylation of CpG sites located within 45 
bp. The effect of meSNPs extends to as far as 10 kb and 
can contribute to the observed meQTL signals in the 
surrounding region, likely through correlated methylation 
patterns and linkage disequilibrium.  

 
• Therefore, meSNPs are behind a large portion of 

observed meQTL signals and play a crucial role in the 
biological process linking genetic variation to epigenetic 
changes. 

Zhi D. et al. Epigenetics. 2013 Aug;8(8):802-6. 

Epigenetics Meets Genetics (and Nutrition) 







ATP binding cassette subfamily A member 1 
(ABCA1) rs2246293 SNP, cg14019050 CpG, 
circulating EPA and plasma HDLC levels 
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Ma Y, et al. Am J Clin Nutr. 2016; Feb;103(2):567-78. 



ATP binding cassette subfamily A member 1 
(ABCA1) rs2246293 SNP, cg14019050 CpG, 
circulating EPA and plasma HDLC levels 
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Ma Y, et al. Am J Clin Nutr. 2016; Feb;103(2):567-78. 



EPA decreases ABCA1 
promoter methylation, 
which leads to an 
increase in the gene 
expression of ABCA1 and 
a corresponding increase 
in plasma HDL 
cholesterol and this 
proposed sequence of 
events may be genotype-
dependent. 





Associations of PLIN4 rs8887 SNP in the FOS and GOLDN 
populations with Anthropometric traits - Main Effects 

Men                                                                 
FOS (N = 1259) GOLDN (N = 481)  
Women     
FOS (N = 1352) G0LDN (N = 513) 

We can only speculate how lower expression of PLIN4 contributes to obesity-related phenotypes. For the 
related PLIN1, one study demonstrated that obesity and high lipolysis rates are independently associated 
with lower PLIN1 protein levels in women, whereas another demonstrated reduced levels of both PLIN1 
mRNA and protein in obese compared to non-obese subjects. Conversely, the Plin1-/- mouse is characterized 
by a lean phenotype. These data suggest the role and regulation of the PAT gene family in human obesity 
may be different than in model organisms. 

Richardson K, et al. PLoS ONE 6(4): e17944. doi:10.1371/journal.pone.0017944 



Richardson K, et al. PLoS One. 2011 Apr 20;6(4):e17944. 
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A G-like 

Our data indicate for rs8887 minor allele carriers that elevated intake of PUFA n3 results in 
decreasing anthropometrics compared to non-carriers. Due to what little is known of PLIN4 
regulation, it is difficult to propose a mechanism by which the miR-522 rs8887 interaction 
together with PUFA n3 could modulate anthropometrics. It is likely that PUFA n3 alters PLIN4 
expression through PPAR mediated pathways 
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