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Alkaptonuria
• Black urine disease or 

black bone disease

• Common in offspring of 
1st cousin marriages

• Defect in metabolism of 
phenylalanine and 
tyrosine

• Caused by mutations in 
HGO which encodes 
homogentisate 1,2-
dioxygenase

Garrod AE (1902) The Lancet December 13 

1857-1936



http://www.iubmb-
nicholson.org/inborn_errors.html

>40 Inborn 
Errors of 

Metabolism
Individually rare but 
collectively common –
about 1 in 1500 births

Defects in metabolism of :
• Amino acids
• Purines and pyrimidines
• Organic acids
• TCA cycle
• Glycogen storage
• Peroxisomes…



Phenylketonuria



Heel prick for Guthrie test



Garrod AE (1902) The Lancet December 13 

The importance of inter – individual 
variability in metabolism 

“… If it be a correct inference …that the individuals of a species do not conform  to 
an absolutely rigid standard of metabolism, but differ slightly in their chemistry…

Such slight peculiarities of metabolism… will readily be masked by the influences 
of diet and of disease…

The phenomena of obesity and the various tints of hair, skin and eyes point in the 
same direction…”



Sweeney JS (1927) Arch. Int. Med.  40, 818-830

Inter-individual variation in metabolic 
responses to nutritional challenge

Banting & Best 1921-22



First paper at Nutrition Society in UK

Roper JA (1960) Proc. Nutr. Soc. 19, 39-45 



First map of human genome                  
26 June 2000

“…the most important, most wondrous map ever 
produced by humankind...”



Peregrin T (2001) J. Am. Diet. Assoc. 10, 1306



3 July 2003
NuGO is born!



Nutrigenomics

Nutrigenomics

Nutrigenetics



Nutrigenetics:
Impact of genotypic variation



Genetic contribution to body fatness

Shungin D et al. (2015) Nature 518, 187-196 
Locke AE et al. (2015) Nature 518, 197-206

Fu J et al. (2015) Cell Metabolism 
21, 507-508

 97 variants 
explain 2.7% of 
variation in BMI

Genetic risk 
scores



Genetic risk amplifies adiposity effect 
of sugar-sweetened beverages

Qi Q et al. (2012) 
New Eng. J.  
Med. 
367,1387-1396

Difference in 
BMI per 
serving of 
sugar-
sweetened 
beverage per 
Day



Qi Q et al. (2014) BMJ 348; g1610

Genetic risk amplifies 
adiposity effect of 

fried foods

Genetic 
risk



Genomic structural variation

Mullally A & Ritz J (2007) Blood 109, 1355-1362



Copy number variants are common!

Zarrei M et al. (2015) Nature Reviews Genetics 16, 172-183



CNVs affect multiple cellular processes

Zarrei M et al. (2015) Nature Reviews Genetics 16, 172-183



Starch, saliva and iodine



CNVs in salivary amylase gene appear 
to be functionally important

Perry GH et al. (2007) Nature Genetics 39, 1256-1260



Low copy number for salivary amylase 
gene associated with obesity 

Falchi M et al. (2014) Nature Genetics 46, 492-497



Low salivary amylase copy number 
associated with obesity in Mexican 

children

Obese

Non-obese

Mejia-Benitez MA et al. (2015) Diabetologia 58, 290-294 



At least 84 CNVs associated with BMI

 Many are rare
 Small effect sizes



Nutrigenomics:
Understanding mechanisms



Research question: What is impact of suboptimal selenium 
status on colorectal epithelium?

Participants: Healthy adults from BORICC Study with 
suboptimal or optimal plasma Se status

Example: integrated transcriptomics
and proteomics-based study

Biological functions of selenium: 

Essential trace element and cofactor for:
 glutathione peroxidases
 thioredoxin reductase
 thyroid hormone deiodinases

Méplan C et al. (2016) FASEB J 30, 2812-2815



Plasma Se

22 Rectal biopsies

11

Proteomics
2D-Gel

254 genes 26 proteins

0.79 0.91 1.25 1.8

11

Microarray

↓ inflammatory  & immune 
signalling

NFκB inhibition

Cancer (80% genes)
Tissue morphology
Cellular movement

Cytoskeletal proteins
Ca2+-signalling factors

Cytoskeleton 
remodelling

Study overview Low Se Normal Se

Méplan C et al. (2016) FASEB 
J 30, 2812-2815

http://www.ingenuity.com/products/ipa


Healthy epithelium: NFκB coordinates cytokine production,
immune cell response, response to gut microflora and balance
between survival and apoptotic factors

Suboptimal Se:
 ↓ inflammatory and immune signalling
 inhibition of NFκB and cytoskeleton remodelling
 changes in cell morphology and movement

↓ capacity to respond to inflammatory and
oxidative stresses, thus could favour CRC
development

Effects of suboptimal Se status on gut 
epithelium

Méplan C et al. 
(2016) FASEB J 
30, 2812-2815



Model of effects of sub-optimal Se 
status on colorectal function

Méplan C et al. (2016) FASEB J 30, 2812-2815



Verma M et al. (2016) Frontiers in Nutrition 3:5

Interplay 
between 

nutrition and the 
microbiome



Modelling 
impact of 

malnutrition 
on  gut 

microbiota

Charbonneau MR et al. (2016) Cell 164, 859-871



Bashiardes S et al. (2016) Cell 
Metabolism 23, 393-394

Breastmilk oligosaccharides “feed” gut 
microbiota



Bernstein BE et al. (2010) Nature Biotechnol. 28, 1045-1048

Nutrition and epigenomics



Wahl s et al. (2017) Nature
541, 81-86

Genes 
differentially 
methylated 
in obesity



Wahl s et al. (2017) Nature 541, 81-86

Methylation risk score and type 2 
diabetes in Indian Asians



Epigenetic (DNA methylation) patterns 
are cell-type specific



Potential utility of cell-free DNA

Wan JCM et al. (2017) Nature Rev. Cancer 17, 223-238



Regulation by non-coding RNAs

Wahlested C (2013) Nature Rev. Drug Discovery 
12, 433-436



Most of us work for the taxpayer



Nutrigenomics:
Applications to improve public health



Measuring dietary intake 



Combining data across multiple levels

Adapted from Topol EJ (2014) Cell 157, 241-253 

What do 
people 
eat?



Favé G et al. (2011) 
Metabolomics 7, 469-484

Using 
metabolomics 
approaches to 
discover novel 
biomarkers of 

food intake



Rationale for a metabolomics 
approach for discovery of novel 

biomarkers of food intake

Food metabolome

Plasma metabolome

Urinary metabolome





Challenge: Can 
we develop 

biomarkers for 
dietary patterns?



Study design

Garcia-Perez I et al. 
(2017) Lancet Diabetes 
Endocrinol. 5, 185-195



Diet “healthiness” is reflected in 
urinary metabolite patterns

Validated in 
INTERMAP UK 
(n=225) and a 

Danish healthy-
eating cohort 

(n=66)

Garcia-Perez I et al. 
(2017) Lancet Diabetes 
Endocrinol. 5, 185-195



Application of nutrigenomics: 
Personalised Nutrition



Zeevi D et al. (2015) Cell 163, 1079-1094

Personalised Nutrition by Prediction of 
Glycaemic Responses



Zeevi D et al. (2015) Cell 163, 1079-1094

Overview of study

Good prediction of glycaemic
responses over 7 days

Prescribe 
“good” and 
“bad” diets



This project has received funding from the European Union’s Seventh Framework Programme
for research, technological development and demonstration. (Contract n°265494)

A “Proof of Principle” study of Personalised 
Nutrition across Europe: 

The Food4Me intervention study

Celis-Morales C et al. (2017) International Journal of Epidemiology 46, 578-588

RCT in >1600 
people across 

7 European 
countries



Take home messages

Personalised 
nutrition 

works

Internet-based 
delivery is 
effective

No added 
advantage of 
phenotypic or 

genetic information 

Celis-Morales C et al. (2017) 
International Journal of 
Epidemiology 46, 578-588



What next for personalised nutrition?

Unanswered questions:

 What is personalised nutrition for?
 Health-related goals?
 Other personal goals?

 What are the key characteristics on which to base 
personalisation?

 Will personalised nutrition improve health outcomes?

 Will personalised nutrition narrow (or exacerbate) 
health inequalities?



Combining data across multiple levels

Adapted from Topol EJ (2014) Cell 157, 241-253 

What do 
people 
eat?

Weak (or no) 
connections 
with 
psychology 
and sociology



New opportunities for nutrigenomics



Better models make better science



Developments in stem cell biology



Huch M & Koo B-K (2015) Development 142, 3113-3125

Organoids from adult stem cells



Genome editing
From basic science to translation



Cyranoski D (2015) Nature 526, 18

CRISPR-derived 
micro-pig as a pet



Using CRISPR-Cas to develop model of 
Parkinson’s Disease

Wang X et al. (2016) 
Scientific Reports 6: 20620



Gene editing in the future food industry

Selle K & Barrangou R (2015) Food Science 80, R2367-R2372



Xia Z et al. (2017) PloS Genetics 13: e1006892

Gene editing using CRISPR in 
zebrafish to investigate manganese 

homeostasis



Schwank G et al. (2013) Cell Stem Cell  13, 663-658
Huch M & Koo B-K (2015) Development 142, 3113-3125

Using genome editing to repair gene 
defect in cystic fibrosis



Ledford H (2017) Nature 548, 13-14 

Targeted mutation in 
MYBPC3 which 
causes hypertropic
cardiomyopathy: 
major cause of 
sudden death in 
young athletes 



??



Ethical considerations

Baltimore D et al. (2015) Science 348, 36-38



The future of nutrigenomics?

Nutrigenomics

Public 
Health 

Molecular 
Nutrition



Summary

 You will make the future of nutrigenomics

 Be ambitious – tackle the big questions

 Design better hypothesis-testing studies

 Innovate – use novel approaches/ technologies

 Collaborate, especially with other disciplines
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