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2004	   2012	  

2004-‐10	  EU-‐funded	  Network	  of	  Excellence	  “The	  European	  Nutrigenomics	  
OrganisaHon:	  linking	  genomics,	  nutriHon	  and	  health	  research”	  
	  
Aims:	  
•  Train	  European	  scienHsts	  to	  use	  post-‐genomic	  technologies	  in	  nutriHon	  

research	  
•  Develop	  and	  integrate	  genomic	  technologies	  for	  the	  benefit	  of	  European	  

nutriHonal	  science	  
•  Facilitate	  the	  applicaHon	  of	  these	  technologies	  in	  nutriHonal	  research	  world-‐

wide	  
•  Create	  the	  world-‐leading	  virtual	  centre	  of	  excellence	  in	  nutrigenomics	  

Presently	  an	  Associa1on	  of	  Member	  Ins1tu1ons	  from	  EU	  and	  non-‐EU	  
countries	  	  

www.nugo.org	  



NutriHonal	  effects	  on	  health	  are	  subtle	  and	  mulH-‐factorial	  
	  
Nutrients	  usually	  do	  not	  have	  acute	  effects	  on	  health	  	  
	  
Several	  confounders	  (geneHcs,	  metabolic	  flexibility,	  hormonal	  
effects,	  food	  intake,	  physical	  acHvity,	  inaccurate	  “phenotypic	  
descripHons)	  
	  
Inter-‐individual	  variaHon	  in	  biomarker	  values	  is	  oVen	  larger	  than	  
the	  effect	  related	  to	  the	  intervenHon	  	  
	  
how	  can	  we	  quan1fy	  the	  exposure	  –>	  status	  -‐>	  health	  effect	  
rela1onship?	  

COMPLEXITY 



Parallel	  analysis	  of	  mRNA,	  proteins	  &	  metabolites	  from	  complex	  
samples	  
	  
IdenHficaHon	  of	  “Biomarker	  profiles”	  of	  disease	  
	  
TranslaHon	  of	  co-‐variant	  sets	  of	  mRNA,	  proteins	  and	  metabolites	  
(biomarker	  profiles)	  into	  disease	  pathways	  and	  systems	  
knowledge	  
	  
NutriHon	  can	  exert	  effects	  exclusively	  at	  early	  disease	  onset,	  
prognosHc	  biomarkers	  are	  therefore	  essenHal	  

Systems biology approaches 



Phase	  1	  NuGO	  ac1vi1es	  
	  
To	  elucidate	  pathways	  essen1al	  for	  defini1on	  of	  -‐omic	  
biomarker	  profiles	  of	  health/disease	  	  
	  
Develop	  Standardized	  OperaHng	  Procedures	  (SOPs)	  
Genotype	  
Food	  intake	  
-‐omics	  analysis	  

	  
Develop	  Infrastructures	  (technological/food/health)	  



Hap Map Project released 3 million SNPs (0.1 % Human 
Genome) 

Nature 473, 1241 – Oct 27, 2005 
 
1000 Genomes Pilot Project released 15 million SNP 
 (≈ 50% non-synonymous). Each individual: 250-300 loss-
of-function variants in annotated genes, 50-100 variants 
previously implicated in inherited disorders 
Estimated rate of de novo germline base substitution 
mutations: approximately 1028/bp/generation  

Nature 467, 1061 – Oct 28, 2010 

Human genetic variation 
Genotype-phenotype translation? 



Choudhry	  S	  et	  al.	  Human	  Gene+cs.	  2006	  Na1ve	  	  
American	  

European	   African	  

GeneHc	  
Confounders	  

Stratification before or after intervention? 



Healthy	  subjects:	  remarkable	  capacity	  to	  maintain	  homeostasis	  (metabolic	  
regulaHon,	  metabolic	  compensaHon	  of	  unhealthy	  dietary	  input,	  defence	  and	  
repair	  mechanisms	  in	  oxidaHve	  and	  inflammatory	  stress)	  
	  

Processes	  involved	  in	  homeostasis	  ≠	  processes	  involved	  in	  early	  onset	  of	  diet-‐
related	  diseases	  
	  
TargeHng	  the	  step	  of	  homeostaHc	  response	  should	  allow	  to	  idenHfy	  biomarker	  
profiles	  of	  health/disease	  states	  that	  are	  not	  significantly	  affected	  by	  geneHc	  
variaHon.	  	  



Phase	  2	  NuGO	  ac1vi1es	  
	  
New	  generaHon	  of	  biomarkers	  resulHng	  from	  mulHdisciplinary	  
(systems	  biology)	  approaches	  
	  
Inclusion	  of	  “extensive	  phenotyping”	  in	  mechanisHc	  research,	  	  
intervenHon	  studies	  and	  observaHonal	  cohorts	  
	  
Be]er	  understanding	  and	  exploitaHon	  of	  personalized	  aspects	  

COMPLEXITY	  
Research	  Labs	   Research	  Networks	  

These	  developments	  need	  an	  infrastructural	  sustainment	  
Food	  &	  Health	  RI	  



NUTRITIONAL	  PHENOTYPE	  DATABASE	  



The	  Data-‐Grid	  
The	  research	  infrastructure	  side	  of	  NuGO	  develops	  into	  a	  bridge	  between	  
generic	  infrastructure	  (NCBI,	  EBI)	  and	  the	  nutri1on	  research	  community	  

van	  Ommen	  et	  al	  (2010)	  Genes	  Nutr	  5,189–203	  



Integra1on	  of	  data	  grids	  

Genotype	  
Food	  intake	  

Biomarker	  profile	  
-‐omics	  analysis	  
Modelling	  

van	  Ommen	  et	  al	  (2010)	  	  
Genes	  Nutr	  5,189–203	  



MICRONUTRIENT	  GENOMICS	  PROJECT	  

Interna1onal	  Consor1um	  
Global	  ini1a1ve	  to	  collect,	  
curate	  and	  share	  data	  on	  
human	  gene1c	  varia1on	  
affec1ng	  human	  disease	  



•  Micronutrients	  are	  essenHal	  regulators	  of	  metabolic	  and	  
physiological	  processes	  in	  humans	  

•  Complex,	  oVen	  overlapping	  biological	  acHons	  
•  Micronutrient	  deficiencies	  cause	  specific	  metabolic	  dysfuncHons	  	  
•  Increasing	  evidence	  that	  sub-‐opHmal	  intakes	  may	  contribute	  to	  

the	  development	  and	  severity	  of	  chronic	  diseases.	  	  
•  High	  micronutrient	  doses	  (i.e.	  supplements	  intake)	  oVen	  lead	  to	  

toxicity	  

Re-‐assessment	  of	  dietary	  requirements	  and	  upper	  safety	  limits	  
for	  micronutrients	  is	  ongoing	  worldwide	  in	  the	  context	  of	  public	  

health	  nutri1on,	  especially	  for	  specific	  subgroups	  (elderly,	  
children,	  pregnant	  women).	  



Difficult	  transla1on	  into	  biomarkers/safe	  limits	  

•  Molecular	  studies	  have	  accumulated	  a	  wealth	  of	  data	  on	  
gene/protein-‐micronutrient	  interacHons	  

•  Systems	  biology	  and	  genomics	  technologies	  (-‐omic	  
approaches)	  allow	  to	  assess	  the	  effects	  of	  specific	  	  
micronutrients	  on	  mulHple	  metabolic	  pathways,	  including	  
interacHons	  with	  other	  nutrients.	  

•  GeneHc	  variaHons	  affecHng	  such	  interacHons	  partly	  known	  
but	  health	  impact	  difficult	  to	  assess	  

•  InformaHon	  oVen	  disconnected/heterogeneous	  	  



(Van	  Ommen	  et	  al,	  Genes	  Nutr	  2010)	  
Challenge	  of	  the	  Micronutrient	  Genomics	  Project	  (MGP):	  
	  
• To	  catalogue	  the	  inventory	  of	  all	  relevant	  gene-‐
micronutrient	  interacHons	  and	  map	  the	  inter-‐related	  
pathways	  
• To	  determine	  the	  geneHc	  markers	  that	  affect	  and	  predict	  
responsiveness	  to	  micronutrients	  
	  
A	  biological	  network	  for	  each	  micronutrient,	  allowing	  to:	  
• visualize	  all	  transcriptome,	  proteome,	  metabolome	  changes	  
observed	  in	  plasma,	  cells	  and	  +ssues	  (in	  vivo,	  in	  vitro,	  models);	  	  
• access	  	  all	  relevant	  gene+c	  varia+ons	  



Initial MGP RoadMap 

Micronutrient	  	  
Teams	  

BioinformaHcs	  	  
Team	  

IdenHfy	  funcHonal	  
geneHc	  variaHon	  

IdenHfy	  pathways	  	  
&	  interacHons	  

Link	  to	  	  
databases	  

Create	  Biological	  	  
Networks	  

  MGP PORTAL 

hcp://wikipathways.org/index.php/Portal:Micronutrient	  

Human	  intervenHon	  studies	   -‐omic	  studies	  (in	  vitro/in	  vivo)	  GWAS	  

(Van	  Ommen	  et	  al,	  Genes	  Nutr	  2010)	  




