
Nutritional interventions for weight loss 
and maintenance based on the genotype 

Prof. J. Alfredo Martínez, 
Universidad de Navarra 

Spain 



PERSONALIZED WEIGHT MANAGEMENT 

INDIVIDUALIZED NUTRITION 



PERSONALIZED NUTRITION BASED ON GENOTYPE 

Genetic make-up can determine  
unique nutritional requirements  
and responses to different 
foods.and nutrients 

Based on: 

- The sequencing of the human genome,  

- subsequent analyses of human genetic variation,  

-studies that associate gene variants with disease markers 

-Impact of nutrition/nutrients on gene expression 



 DNA RNA PROTEINS 

Transcription Translation 

Gene Expression= f(DNA × environment) 

 GENOTYPE x  NUTRITION →  METABOTYPE  
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NUTRIENTS FUNCTIONS 

Energy 

Nutrients 



GENE EXPRESSION: NUTRITIONAL CONTROL 

Fatty Acids 
Retinoids 
Vitamin D 
Glucose 
Energy 

Transcription mRNA  DNA Proteíns Translation 

Amino acids 
Iron 
Selenium 

Postranslation 

Minerals 
Vitamins 



GENE EXPRESSION CONTROL: MECHANISMS 

Cascade 
 Kinases 

Mechanisms :  - Receptors (membrane/nucleus)  

Nutrients 

Nutrients 

 

Nutrients & 
Metabolites 

- Metabolism intermediate 

FT 

- Transcription Factors (FT): affinity & concentrations 

RE 



Dietary effects on 
gene expression 

Genotype influences  the response 
related with nutrition and 
personalised metabolism 

NUTRIGENOMICS 

NUTRIGENETICS 

Nutrigenomics and Nutrigenetics 



NUTRIGENOMIC INTERACTIONS 

Phenotype GENE 
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FAT INTAKE AND mRNA LEVELS AFTER 
ENERGY RESTRICTION 

Viguerie, et al. 2005 
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TOOLS: Microchip Scanning 
Macronutrient Metabolism   

  Fold Code Name 
~49.2 D45862 Leptin, ob  
  15.7= J02773 Low molecular weight FABP  
    7.3 J00713 Carboxypeptidase-a- 5  
  ~6.7= U64451 Short-branched chain acyl-CoA DH precursor  
  ~4.9= AF063302 Carnitine palmitoyltransferase I beta  
  ~4.6= AF034577 Pyruvate dehydrogenase kinase isoenzyme 4  
    4.1 M95591 Squalene synthetase  
    3.3 S69874 Fatty acid-binding protein (FABP) 
    3.2 K03249 Enoyl-CoA-hydratase-3-hydroxyacyl-CoA DH  
    3 AB002558 Glycerol 3-phosphate dehydrogenase 
    2.9 AB005743 Fatty acid transporter 
    2.8 L07114 Apolipoprotein B  
    2.5 U20643 Aldolase A 
    2.5 M26594 Malic enzyme 
    2.4 M60322 Aldose reductase  
    2.2 S56481 Beta 3-adrenergic receptor  
    2.2 S81497 Lysosomal acid lipase  
    2.2 J02585 Liver stearyl-CoA desaturase  
    2.2 X15580 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase 
    2.2 L12016 Tricarboxylate transport protein 
    2.2 U32314 Pyruvate carboxylase  
    2.2 D10354 Alanine aminotransferase 
    2.2 L25331  Lysyl hydroxylase 
    2.1 D43623 Carnitine palmitoyltransferase I like protein  
    2 D10655 Dihydrolipoamide acetyltransferase 
    2 AF035943 Uncoupling protein-3  
 
Transcription factor 

    3.7= AB015724 Nuclear receptor binding factor-1  
    2.8= X12752 DNA binding protein C/EBP  
    2.5 S77528 C/EBP-related transcription factor  
    2.1 AB011365 PPAR-gamma protein  
    2 AF022081 Small nuclear RING finger protein   
    2 X13167 NF-1 like DNA-binding protein 
 
Hormone receptor and signal transduction   

~10.7= M96159 Adenylyl cyclase type V  
    4 S79241 Oxytocin receptor   
    3.6= U93880 Insulin receptor substrate-3 (IRS-3)  
    3 K03045 Retinol-binding protein (RBP)  
    2.9 D38036 Truncated TSH receptor 
    2.9 Z83757 Growth hormone receptor 
    2 X92069 P2X5 receptor (ATP-gated ion channels) 
    2.8 E12286 GM2 activator protein 
    2.7 X17053 Immediate-early serum-responsive JE 
    2.6 S74351 Protein tyrosine phosphatase  
    2.6= X06107 Insulin-like growth factor I  
    2.5 M64300 Signal-related kinase (ERK2)  
    2.4 D85183 SHPS-1 (protein tyrosine phosphatase) 
    2.4 L13619 Insulin-induced growth-respons protein 
    2.4= L35767 Very low density lipoprotein receptor,  
    2.3 S49003 Short isoform growth hormone receptor 
    2.3 D85435 Protein kinase C delta-bindig protein  
    2.2 D89655 Scavenger receptor class B 
    2.2 U21101 Cyclic GMP stimulated phosphodiesterase 
    2.2= J03819 Thyroid (T3) hormone receptor  
    2 AF022952 Vascular endothelial growth factor B 
    2 S50461 Signal-transducing G protein alpha 12 subunit   
    2 L25633 Neuroendocrine-specific protein   
    2 M12492 Type II cAMP-dependent PK regulatory subunit  
 
Cellular cytoskeleton   

  ~4.9= K00512 Myelin basic protein  
  ~4.0= AF004811 Moesin  
    3.5 X60351 Alpha B-crystallin  
    3.1 AF041373 Clathrin assembly protein short form  
    2.7 U50717 Synaptic density protein PSD-93  
    2.5 M83196 Microtubule-associated protein 1A  
=  corresponds to a transcript absent in the control group (basal line).  

Macronutrient Metabolism   

  Fold Code Name 
  -22.5 AF001898 Aldehyde dehydrogenase (ALDH)  
  -22.1= AB009999   CDP-diacylglycerol synthase  
~-20.0= AB017260  High-affinity carnitine transporter 
  -19.0= D37920  Squalene epoxidase 
    -9.1 L25387  Phosphofructokinase C  
  ~-6.4= AB010428  Acyl-CoA hydrolase 
    -6.0 S68135 GLUT1 
    -3.8 M18467  Aspartate aminotransferase  
    -2.9 AF080468   Glycogen storage disease type 1b protein 
    -2.8 S49760  Diacylglycerol kinase  
    -2.6 X04979  Apolipoprotein E  
    -2.4 M93297  Ornithine aminotransferase  
    -2.2 L07736  Carnitine palmitoyl-transferase I 
 
Redox and stress proteins    

-7.8-34.1= S82820  Glutathione S-transferase Yc2 subunit   
-4.8-6.2 X62660  Glutathione S-transferase subunit 8  
-4.2            M11794  Metallothionein-2 and metallothionein-1  
-2.6-3.2 X02904  Glutathione S-transferase P subunit 
 
Transcription factor   

  -25.2 U78102  Krox20 ó EGR-2(early growth response protein 2) 
    -5.2 X94246  Pax-8 protein  
    -2.7 M91802  Homeobox protein (Hox 1.11)  
 
Hormone and signal transduction   

-117.5 S49491  Proenkephalin  
~-92.3= J04488  Prostaglandin D synthetase 
~-47.3 D63772  Neuronal high affinity glutamate transporter 
  ~-8.6= M12450  Vitamin D binding protein 
    -4.1 U57715  FGF receptor activating protein FRAG1  
    -2.8 U48596  MAP kinase kinase kinase 1 (MEKK1) 
    -2.3 L06096  Inositol trisphosphate receptor subtype 3 (IP3R-3) 
    -2.3 U53184  Estrogen-responsive uterine 
    -2.3 X59132  Secretin receptor  
    -2.2 D64045  Phosphatidylinositol 3-kinase p85 alpha subunit 
    -2.1 AF014009  Acidic calcium-independent phospholipase A2 
    -2 M91599  Fibroblast growth factor receptor subtype 4  
 
Cellular cytoskeleton   

~-21.4= X81448  Keratin 18 
~-12.2= M93638  Keratin 5  
  ~-6.6= AF013247  Beta-A4 crystallin  
  ~-3.8= M59936  Connexin-31  
    -3.2 X67788  Ezrin p81 
    -2.3 X81449  Keratin 19 
 
=  corresponds to a transcript absent in the obese group (basal line). 

+ - 



Dietary effects on 
gene expression 

Genotype influences  the response 
related with nutrition and 
personalised metabolism 

NUTRIGENOMICS 

NUTRIGENETICS 

Nutrigenomics and Nutrigenetics 



NUTRIGENETICS:  Personalized nutrition based on genotype.  

? 

NUTRIGENOMICS is the study of molecular relationships between nutrition and the 
response of genes , with the aim of extrapolating how such subtle changes can affect Human 
health.  
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GENOTYPE & NUTRITION INTERACTIONS 

Phenotype 
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GENOTYPE & NUTRITION INTERACTIONS 

Corbalan, et al. 2002 
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 NUTRIGENETICS: β2AR  POLYMORPHISM AT GLN27GLN 
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BMI, FAT INTAKE AND GENOTYPE INTERACTIONS 
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GENOTYPE X NUTRIENT (FAT) INTERACTIONS  

Memisoglu, et al. 2003 

Non carriers 
Carriers (Pro12Ala) 



Luan, et al. 2001 
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GENOTYPE & NUTRITION INTERACTIONS 



Br J Nutr, 2012; 107 (4): 533-8 

Dietary fatty acid distribution modifies obesity risk linked to the rs9939609 
polymorphism of the fat mass and obesity-associated gene in a Spanish case-
control study of children 

Fig. 2. BMI-standard deviation score (SDS) of children and adolescents according to SFA consumption 
(percentage of total energy, dichotomised by the median) and the presence of the fat mass and obesity 
associated (FTO) rs9939609 polymorphism in a dominant model. Values are means, with their standard 
errors represented by vertical bars. 



GENE-NUTRIENT INTERACTIONS 

San-Cristóbal R et al. J Acad Nut. Diet, 2013 



C. Bernard. (s XIX) “No disease, but patients” 
Mendel: (s XIX) Individualized trait transmission among generations 
Garrod (early s XX) Nutritional outcomes depend on personal metabolism 
Williams (1956): Personal variation in hormonal responses to food 

Galeno (Pérgamo, Greece, 130 - Roma, 200) “Personal attitudes and 
unique response to food” 

Hypocrates (Cos, 460 a. C. - Tesalia 370 a. C.) “…YOUR food is 
the basis of YOUR health” 

Personalized Medicine and Nutrition 



Personalization: Nutrition & Genetic Interactions 

 Possible interactions of diet with genetic variability to affect disease risk. 
 
                                                                                                                                  Jenab MZ et al. Hum Genet (2009) 125: 507–525 
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•Rare cases 
•Syndromes 
 

1 gene 1 disease 

 LEP, LEPR, POMC,PCSK1 
SIM,,  

Individual combination in interaction with 
environmental factors 

 

Genetics of Human Metabolism: 
 gene and environment  Interactions 



• Modifiable factors:  
     lifestyle, alcohol, smoking, exercise, dietary habits. sleep 
 

• Exogenous factors : 
    Toxins. pollutants, microorganisms, allergens 

MONOGENIC DISEASES POLYGENIC DISEASES 

Celiac disease 
Lactose intolerance 
Familial hypercholesterolemia 
Phenylketonuria 
Galactosemia 

Obesity 
Type 2 Diabetes  
Hyperlipidaemias 
Cardiovascular disease &Hypertension 
Osteoporosis 
Neurodegenerative diseases 
Cancer 

PREDISPOSITION (% RISK)  HAPLOTYPE X ENVIRONMENT 



Nutrition 

Physical  
Activity 

Endocrine Factors 

Nervous System. 

M e t a b o l i s m     

ENVIRONMENT 

GENES 

  METABOLISM: ETHIOLOGICAL FACTORS 



 
Mendelian Syndromes 

• Autosomal dominant 
• Autosómico recessive 
•X-linked 

Animal  models 
•Genetically obese animals 
•Transgenic Animals  
• Q Trait Loci (QTL) 

Association and Linkage Studies 
•  Candidate genes and GWAS 
•  Family segregation 

PERSONALIZACION: GENE RESEARCH 

• Genotype: gene/alleles responsibles for traits 
 
 

• Phenotype: external manifestations of an observable character  



MONOGENIC DISORDERS  with  OBESITY TRAITS 

MIM number  Disorder        Locus   

Autosomal Dominant 
100800               Achondroplasia (ACH)             4p16.3 
122000               Posterior Polymorphous Corneal Dystrophy (PPCD)         20q11 
176270               Prader-Willi Syndrome (PWS)      15q11.2-q12 
181450               Schinzel syndrome/Ulnar-mammary syndrome (UMS)   12q23-q24.1 
Autosomal Recessive 
   Bardet-Biedl Syndrome (BBS) 
209901    BBS1             11q13 
209900    BBS2             16q21 
600151    BBS3          3p13-p12 
600374    BBS4        15q22.3-q23 
216550   Cohen Syndrome (CHS1) 
X-LINKED 
301900   Borjeson-Forssman-Lehman Syndrome (BFLS) Xq26-q27 
303110   Choroideremia with deafness and obesity       Xq21 
309585   Wilson-Turner Syndrome (WTS)   Xq21.1-q22 
312870   Simpson-Golabi-Behmel (SGBS)        Xq26 



GENETIC LINKAGE 

Phenotype 
Framingham Canada Norway 

BMI BMI/Skinfolds BMI 
    n             r2    n            r2 n             r2 

Spouses 1163 0,19 3138 0,12 23936 0,12 

Parent/child 4027 0,23 7194 0,20 43586 0,20 

Sibblings   992 0,28 3924 0,34 19157 0,24 



BMI ASSOCIAIONS IN TWEENS 

NAS/NRC Sweden England Virginia 

Phenotype BMI IMC/Pliegues BMI BMI 

n 4071 259 38 311 

 Monozigotes 0,81 0,79 0,70 0,61 

0,42 0,35 _ Dizigotes 0,15 

h2 77% 85% 74% 



BMI ASSOCIATIONS between ADOPTEES & FAMILIES 

n 

Iowa Montreal Denmark 

Biológical / Adoptee Biológical /Adoptee Biológical/Adoptee 

3651 357 553 

Relación 

Parents  0,15 0,00 0,20 0,02 0,17 0,01 

Sibblings  0,23 0,14  _  _ 0,13 0,07 

h2   34%   _ 17% 



        ANIMAL GENETIC MODELS 
            ANIMAL                  HUMANS 

Type     Chr   Loci       Inheritance  Chr Gene Product 

Diabetes (db)     4     Lepr        Recessive     1      leptina receptor 
 
Fat (fat)              8     Cpe          Recessive     4      carboxìpeptidasa E 
 
Obese (ob)          6     Lep          Recessive     7      leptin 
 
Tubby (tub)       7    Tub          Recessive    11     unknown 
 
Agouti yellow    2    Ay          Dominant    20    Agouti protein  



TRANSGENIC  MODELS 

Metabolic alterations 

• Knock-out de TNF-α (Glucose tolerance) 

• Knock-out de c/EBP (Adipocyte differentiation)  

• Knock-out  de  adrenalin (Thermoregulation) 

• Knock-out de LPL (Lipid metabolism) 

• Knock-out de  BAT (Thermogenesis) 



PREDICTOR FACTORS FOR CHILDHOOD OBESITY 

Ochoa, et al. 2006 
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Trp64Arg MUTATION OF THE β3 
ADRENOCEPTOR 
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PPARγ2 x ADRβ3 INTERACTIONS 
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CHILDHOOD OVERWEIGHT AND THE RISK OF OBESITY IN ADULTHOOD 

Loos. Best Practice & Research Clinical Endocrinology & Metabolism. 2012;26: 211–226 
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Data acquisition 
OMICS & GWAS 

Sequentiation 
microarrays 



Milestones in Obesity genetic data acquisition 

FTO   
Frayling et al 2007 

      1997                                 2006                           2007                                                     2015      

n loci 
253 QTL 

244 candidate genes 
(only 22 replicated in 5 
independent studies) 

Rankinen et al 2006 
 

3 QTL 
21 candidate genes 

“GWAS era” 



STRATEGIC APPROACHES IN GENETIC DATA ACQUISITION 

Clinical cases (altered genes associated 
with disease "Healthy" no alteration) 

Screening  known gene 

CANDIDATE GENE STUDIES 
GWAS 

Genome-Wide Association Studies 

Associated SNPs to disease 

Cellular/molecular studies 
Physiology 

Thousands of people 

Genetic identification 

Wide genome scan 

Cellular/mollecular studies 
Fisiology 

Biochemistry 
Genetics 
Comparative genomics 







GENES ASSOCIATED with HUMAN OBESITY 
(GWAS ) 

Walley et al Nat Rev Genet. 2009;10:31-42 



EFFECT SIZES FOR GENETIC VARIANTS ASSOCIATED WITH BMI 

El-Sayed M et al. Nat Rev Endocrinol, 2013 
*gene closest to the reported association  





                                                      Loos. Best Practice & Research Clinical Endocrinology & Metabolism. 2012;26: 211–226 

OBESITY GWAS  





Genes enriched for WHRadjBMI-associated loci 





The 97 loci account for ~2,7% of BMI variation 

Genes enriched for BMI-associated loci 



The genetic overlap across traits at BMI 
susceptibility loci 





Goni L et al. Genes Nutr, 2015  

POLYMORPHISMS INCLUDED IN THE GENETIC RISK SCORE 



ASSOCIATION BETWEEN THE GENETIC RISK SCORE AND 
ANTHROPOMETRIC VARIABLES 

Goni L et al. Genes Nutr, 2015  
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P= 0.0027
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P= 0.0292
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INTERACTION BETWEEN THE GENETIC RISK SCORE AND 
DIETARY FAT INTAKE 

Adjusted for age, gender , physical activity and energy intake Goni L et al. Genes Nutr, 2015  



P= 0.0078
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COMPLEX CARBOHYDRATES intake
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FIBER intake
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INTERACTION BETWEEN THE GENETIC RISK SCORE AND 
CARBOHYDRATE AND FIBER INTAKE 

Adjusted for age, gender , physical activity and energy intake Goni L et al. Genes Nutr, 2015  



Corella D et al. Minerva Endocrinol, 2015  

GENE-NUTRIENT INTERACTIONS IN DETERMINING 
WEIGHT RELATED PHENOTYPES 



GENE-NUTRIENT INTERACTIONS IN RELATION TO 
CENTRAL OBESITY RELATED TRAITS 

Goni L et al. Nutrition Reviews, 2014  



PERSONALIZED APPROACHES AGAINST OBESITY 

Nutritional and Diet Theraphy 
Drugs Treatments 
Physical Activity Programmes 
Bariatric Surgery 
Others: Personalized......... 
....................................Nutrition 



PERILIPIN GENE AND WEIGHT LOSS 

Corella, et al. 2005 

10 

7,70 

 GG 

0,97 

 AA 

6 

2 

8 

4 

 
 
 
 
 
 

Weight  
Loss  
(%) 

 
 
 
 
 
 



POLYMORPHISM IN THE APOLIPOPROTEIN A5 GENE 

Aberle, et al. 2005 
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LIPC – 514>CT POLYMORPHISM AND FIBRE 
INTAKE (TERTILES) 

Santos, et al. 2006 
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ADIPOQ – 11377 C>G POLIMORPHISM INFLUENCE ON 
WEIGHT LOSS 

Sorensen, et al. 2006 
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UCP3 HAPLOTYPES IMPACT ON WEIGHT LOSS 

Cha, et al. 2006 
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PPAR  x ADRB2  interaction 

E. L. Rosado, et al. 2006 
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WEIGHT CHANGES AND GENOTYPE 



BODY WEIGHT REDUCTION AND GENETIC VARIANTS:  
IL-6 AND PPAR-Γ2 

Goyenechea, et al. 2006 
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Supplementary Figure 2 (online): Distribution of the Genetic Predisposition Score (GPS), trend and cumulative effects on 
BMI-SDS and fat mass percentage in the adolescent population A.) At baseline and B.) After 10 weeks of multidisciplinary 
intervention. Left axis: Prevalence. Right axis: A) BMI-SDS or Fat mass percentage (baseline) and B) BMI-SDS or Fat mass 
percentage variation (after the intervention). 

Obesity Susceptibility Loci on Body Mass Index and Weight Loss in Spanish 
Adolescents after a Lifestyle Intervention  

J Pediatr, 2012 Sept 161: 466-470.e2  





ASSOCIATION BETWEEN MTNR1B GENETIC VARIANT 
AND CHANGES IN WEIGHT AND BMI 

Goni L et al. J Nutrigenet Nutrigenomics, 2015  



INFLUENCE OF FTO AND MC4R POLYMORPHISMS ON THE ASSOCIATION 
OF MTNR1B POLYMORPHISM AND BMI LOSS 

Goni L et al. J Nutrigenet Nutrigenomics, 2015  



INTERACTION BETWEEN MTNR1B POLYMORPHISM AND PROTEIN 
INTAKE AT BASELINE 

Goni L et al. J Nutrigenet Nutrigenomics, 2015  









GENES IN WHICH THERE ARE POLYMORPHISMS RELATED TO BODY 
WEIGHT LOSS 

Martínez JA et al. Trends Food Sci Technol, 2015  
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Personalization for weight management 
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Background 
Personalised nutrition: the concept? 

2000 

“Personalised nutrition is the tailoring of dietary advice to suit an individual 
based on their genetic make-up.”  



Phenotyping devices 
Continuous glucose 
 monitoring system 

Direct Life Activity 
Monitor 

The Zeo sleep Manager 
(Oram) 

Sensor 
tail 5 mm 



GPS: Biochemical and Genetic analysis 

Courtesy Prof Hannelore Daniel TUM 

30 – 100 µl 
per spot 
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220 
220 220 

220 

220 

FOOD4ME: Recruiting centres for Study 

220 

1. University College Dublin (Ireland) 

2. Maastricht University (The Netherlands) 

3. University of Navarra (Spain) 

4. University of Reading (UK) 

5. National Food and Nutrition Institute Warsaw 

(Poland) 

6. Harokopio University Athens (Athens) 

7. Technische Universitaet Muenchen (Germany) 

 

 

 
N = 1280 
(excluding 20 % 
dropout rate) 
 

Courtesy John Mathers, UNew 



Objectives 
To explore the scientific, 

business and consumer 
aspects of personalised 
nutrition  
 

To determine whether dietary 
advice based on a person’s 
genes, could deliver 
consumer benefits 



ETHICAL ISSUES! 



0 0.5 1 1.5 2 2.5 3 3.5 4

Personal diet may not be effective 

Data may be accessed by hackers 

Data may not be treated confidentially 

Data may not be stored securely 

Data may be misused by Pers Nutr … 

Data may be misused by advertisers 

Data may be misused by insurers 

Data may be misused by authorities 

Indicate extent you agree or disagree 1-5 (mean score) (N=9381) 

Courtesy Barbara Stewart-Knox, UU 

WHAT WORRIES THE PUBLIC ABOUT PERSONALISED 
NUTRITION? 



0 0.5 1 1.5 2 2.5 3 3.5 4

Family doctor 

Dept of Health 

Eu Commission 

NHS 

Food Retailers 

Food Manufacturers 

On-Line Pers Nutr Comp's 

Universities 

Consumer Orgs 

Dieticians/Nutritionists 

Personal Trainers 

Friends/Family 

News media 

Social Media 

Indicate extent you trust or do not trust  1-5 (mean score) (N=9381) 

WHO DO THE PUBLIC TRUST TO PROVIDE 
PERSONALISED NUTRITION? 

Courtesy Barbara Stewart-Knox, UU 





KARYOGRAM  DEPICTING LOCI THAT HAVE BEEN ASSOCIATED WITH 
BODY WEIGHT LOSS IN RESPONSE TO A NUTRITIONAL INTERVENTION 

MANY GENES and 
 INFORMATION……  
to be MANAGED! 



BODY WEIGHT: FTO SNP 

Check the presence of SNP 1 
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Check WC 3 

Check PA 4 

Check Glucose levels 5 

Check Cholesterol levels 6 

BODY WEIGHT: FTO SNP 
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BODY WEIGHT: FTO SNP 

Check WC 3 

Check PA 4 

Check Glucose levels 5 

Check Cholesterol levels 6 



Energy intake 
Energy 

expenditure 

BODY WEIGHT REGULATION 

COSTS! 



TOOLS: Microchip Scanning 
Macronutrient Metabolism   

  Fold Code Name 
~49.2 D45862 Leptin, ob  
  15.7= J02773 Low molecular weight FABP  
    7.3 J00713 Carboxypeptidase-a- 5  
  ~6.7= U64451 Short-branched chain acyl-CoA DH precursor  
  ~4.9= AF063302 Carnitine palmitoyltransferase I beta  
  ~4.6= AF034577 Pyruvate dehydrogenase kinase isoenzyme 4  
    4.1 M95591 Squalene synthetase  
    3.3 S69874 Fatty acid-binding protein (FABP) 
    3.2 K03249 Enoyl-CoA-hydratase-3-hydroxyacyl-CoA DH  
    3 AB002558 Glycerol 3-phosphate dehydrogenase 
    2.9 AB005743 Fatty acid transporter 
    2.8 L07114 Apolipoprotein B  
    2.5 U20643 Aldolase A 
    2.5 M26594 Malic enzyme 
    2.4 M60322 Aldose reductase  
    2.2 S56481 Beta 3-adrenergic receptor  
    2.2 S81497 Lysosomal acid lipase  
    2.2 J02585 Liver stearyl-CoA desaturase  
    2.2 X15580 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase 
    2.2 L12016 Tricarboxylate transport protein 
    2.2 U32314 Pyruvate carboxylase  
    2.2 D10354 Alanine aminotransferase 
    2.2 L25331  Lysyl hydroxylase 
    2.1 D43623 Carnitine palmitoyltransferase I like protein  
    2 D10655 Dihydrolipoamide acetyltransferase 
    2 AF035943 Uncoupling protein-3  
 
Transcription factor 

    3.7= AB015724 Nuclear receptor binding factor-1  
    2.8= X12752 DNA binding protein C/EBP  
    2.5 S77528 C/EBP-related transcription factor  
    2.1 AB011365 PPAR-gamma protein  
    2 AF022081 Small nuclear RING finger protein   
    2 X13167 NF-1 like DNA-binding protein 
 
Hormone receptor and signal transduction   

~10.7= M96159 Adenylyl cyclase type V  
    4 S79241 Oxytocin receptor   
    3.6= U93880 Insulin receptor substrate-3 (IRS-3)  
    3 K03045 Retinol-binding protein (RBP)  
    2.9 D38036 Truncated TSH receptor 
    2.9 Z83757 Growth hormone receptor 
    2 X92069 P2X5 receptor (ATP-gated ion channels) 
    2.8 E12286 GM2 activator protein 
    2.7 X17053 Immediate-early serum-responsive JE 
    2.6 S74351 Protein tyrosine phosphatase  
    2.6= X06107 Insulin-like growth factor I  
    2.5 M64300 Signal-related kinase (ERK2)  
    2.4 D85183 SHPS-1 (protein tyrosine phosphatase) 
    2.4 L13619 Insulin-induced growth-respons protein 
    2.4= L35767 Very low density lipoprotein receptor,  
    2.3 S49003 Short isoform growth hormone receptor 
    2.3 D85435 Protein kinase C delta-bindig protein  
    2.2 D89655 Scavenger receptor class B 
    2.2 U21101 Cyclic GMP stimulated phosphodiesterase 
    2.2= J03819 Thyroid (T3) hormone receptor  
    2 AF022952 Vascular endothelial growth factor B 
    2 S50461 Signal-transducing G protein alpha 12 subunit   
    2 L25633 Neuroendocrine-specific protein   
    2 M12492 Type II cAMP-dependent PK regulatory subunit  
 
Cellular cytoskeleton   

  ~4.9= K00512 Myelin basic protein  
  ~4.0= AF004811 Moesin  
    3.5 X60351 Alpha B-crystallin  
    3.1 AF041373 Clathrin assembly protein short form  
    2.7 U50717 Synaptic density protein PSD-93  
    2.5 M83196 Microtubule-associated protein 1A  
=  corresponds to a transcript absent in the control group (basal line).  

Macronutrient Metabolism   

  Fold Code Name 
  -22.5 AF001898 Aldehyde dehydrogenase (ALDH)  
  -22.1= AB009999   CDP-diacylglycerol synthase  
~-20.0= AB017260  High-affinity carnitine transporter 
  -19.0= D37920  Squalene epoxidase 
    -9.1 L25387  Phosphofructokinase C  
  ~-6.4= AB010428  Acyl-CoA hydrolase 
    -6.0 S68135 GLUT1 
    -3.8 M18467  Aspartate aminotransferase  
    -2.9 AF080468   Glycogen storage disease type 1b protein 
    -2.8 S49760  Diacylglycerol kinase  
    -2.6 X04979  Apolipoprotein E  
    -2.4 M93297  Ornithine aminotransferase  
    -2.2 L07736  Carnitine palmitoyl-transferase I 
 
Redox and stress proteins    

-7.8-34.1= S82820  Glutathione S-transferase Yc2 subunit   
-4.8-6.2 X62660  Glutathione S-transferase subunit 8  
-4.2            M11794  Metallothionein-2 and metallothionein-1  
-2.6-3.2 X02904  Glutathione S-transferase P subunit 
 
Transcription factor   

  -25.2 U78102  Krox20 ó EGR-2(early growth response protein 2) 
    -5.2 X94246  Pax-8 protein  
    -2.7 M91802  Homeobox protein (Hox 1.11)  
 
Hormone and signal transduction   

-117.5 S49491  Proenkephalin  
~-92.3= J04488  Prostaglandin D synthetase 
~-47.3 D63772  Neuronal high affinity glutamate transporter 
  ~-8.6= M12450  Vitamin D binding protein 
    -4.1 U57715  FGF receptor activating protein FRAG1  
    -2.8 U48596  MAP kinase kinase kinase 1 (MEKK1) 
    -2.3 L06096  Inositol trisphosphate receptor subtype 3 (IP3R-3) 
    -2.3 U53184  Estrogen-responsive uterine 
    -2.3 X59132  Secretin receptor  
    -2.2 D64045  Phosphatidylinositol 3-kinase p85 alpha subunit 
    -2.1 AF014009  Acidic calcium-independent phospholipase A2 
    -2 M91599  Fibroblast growth factor receptor subtype 4  
 
Cellular cytoskeleton   

~-21.4= X81448  Keratin 18 
~-12.2= M93638  Keratin 5  
  ~-6.6= AF013247  Beta-A4 crystallin  
  ~-3.8= M59936  Connexin-31  
    -3.2 X67788  Ezrin p81 
    -2.3 X81449  Keratin 19 
 
=  corresponds to a transcript absent in the obese group (basal line). 

+ - 



MICROARRAY/SEQUENCING 



INTERPRETATION! 





INS-VNTR 

MC4R 

HNF1A  

inSig SNP 
FT0 

PPARG 

ENPP1 

ADRB3 

GYS 

UCP1 

GNB3  

APOE 

AGT 

KCNJ11 

Environment 
Genes 

Monogenic Polygenic  
 

 
•Rare cases 
•Syndromes 
 

1 gene 1 disease 

 LEP, LEPR, POMC,PCSK1 
SIM,,  

Individual combination in interaction with environmental 
factors 

 

Genetics of Human Metabolism 



GENE-ENVIRONMENTAL INPUTS INTERACTION 



GENETIC TESTS 
SNP polimorfismo

01 APOA5 (rs662799) g.4430 T>C

02 APOB (rs5742904) c.10580 G>A
03 APOA1 (rs670) g.4926 G>A
04 ESR1 (rs2234693) c.453-387 T>C
05 FTO (rs9939609) c.46-23525 T>A
06 GC (rs2282679)  c.*26-796 A>C
07 GCKR (rs1260326) c.1337 C>T
08 GNB3 (rs5443) c. 825 C>T 
09 MTNR1B (rs10830963) c.223+5596 C>G
10 MC4R (rs17782313) g.5785109 T>C
11 LPL (rs328) c.1421 C>G
12 LIPG (rs4939883) g.47167214 C>T
13 CETP (rs1800777) c.1403 G>A
14 LIPC (rs1800588) g.4501 C>T
15 NOS3 (rs1799983) c.894 G>T
16 PLIN4 (rs894160) c.772-799 G>A
17 PPARA (rs1800206) c.484 C>G
18 PPARG (rs1801282) c.34 C>G
19 CELSR2 (rs12740374) c.*919 G>T
20 MTHFR (rs1801133) c.665 C>T

21* LCT/MCM6  (rs4988235) c.1917+326 T>C
23 APOE (rs429358) c.388 T>C
24 APOE (rs7412) c.526 C>T

Gen 

SNP 

SNP 
(Alternative 
nomenclature) 

GPS based on computing risk alleles  



Gen SNP Genotipo Score/SNP Score/patolog (minor-minor) (major-minor) (major-major) Major allele Minor allele 
OBESIDAD
FTO rs9939609 AA 0,6 4,1 0,6 0,3 0 T A

Prevalencia 15 15 60 25
MC4R rs17782313 CC 2,5 2,5 2 0 T C

Prevalencia 3 3 47 50
MTHFR rs1801133 CC 0 0,2 0 0 C T

Prevalencia 50 10 40 50
DIABETES
FTO rs9939609 AA 2 3,7 2 0,6 0 T A

Prevalencia 15 15 60 25
PPARA rs1800206 CC 0 0,3 0,2 0 C G

Prevalencia 95 1 4 95
PPARG rs1801282 CG 0,3 0,3 0,2 0 C G

Prevalencia 15 5 15 80
MTNR1B rs10830963 CC 0 0,3 0,1 0 C G

Prevalencia 52 4 44 52
GNB3 rs5443 TT 0,4 0,4 0,2 0 C T

Prevalencia 10 10 55 35
HIPERTENSIÓN
MTHFR rs1801133 CC 0 1,4 0,2 0,1 0 C T

Prevalencia 50 10 40 50
NOS3 rs1799983 CT 0 0,2 0 0 C T

Prevalencia 34 7 34 59
GNB3 rs5443 TT 0,4 0,4 0,1 0 C T

Prevalencia 10 10 55 35
INTOLERANCIA A LA LACTOSA
LCT rs4988235 TT -4 -5 4 0 -4 T C

Prevalencia 55 10 35 55

(C;C) 4x lactose intolerance       (C;T) 0x lactose intolerance       (T;T) -4x lactose tolerance 

GENETIC TESTS 



Gen SNP Major allele Minor allele INTERACCIONES

APOA1 rs670 G A Si GG (3) Si su dieta es                                                   

APOA1 rs670 G A Si AA (1) Una dieta rica                                           

LIPC rs1800588 C T Si TT (1) Una dieta rica                                                             

MTHFR rs1801133 C T Si TT (1) Si la ingesta d                                                                            

NOS3 rs1799983 C T Si TT (1) Los ácidos gra                                         

PLIN rs894160 G A Si AA (1) Una dieta rica                                                     

PPARA rs1800206 C G Si GG (1) Si su dieta es                                                                                

PPARG rs1801282 C G Si GG (1) Si su dieta es                                                                

GENETIC TESTS 
GENE-DIET INTERACTIONS 

Si su dieta es rica en grasas o si su ingesta de grasas monoinsaturadas, como el aceite de oliva, es muy elevada, usted 
tiene mayor predisposición que la mayoría de la población para desarrollar diabetes tipo 2, obesidad  e hipertensión. 
Le recomendamos una dieta algo más baja en grasas para prevenir estas posibles consecuencias. 



2 Obesity risk 

Allele contribution to body weight 

Propensity score matching  ? 

Genetic predisposition score (GPS) 

Weighted GPS = (β1xSNP1+ β2xSNP2+…βnxSNPn) 

GENE CONTRIBUTION TO BODY WEIGHT MANAGEMENT 

3 

4 

5 

Weighted GPS = (β1xSNP1+ β2xSNP2+…βnxSNPn) x (Σ SNP/Σ βs) 

GPS = (SNP1+ SNP2+…SNPn)  GPS = (SNP1+ SNP2+…SNPn) / Σ SNP  

1 Risk alleles rs9939609 (FTO): TT  TA  AA  

Lineal regression (β) 

Goni L. et al., 2015 

Weighted GPS = (β1xOR1+ β2xOR2+…βnxORn) 

Peterson RE. et al., 2011 

Renström F. et al., 2011 

Cheung CYY et al., 2010 

Qi Q. et al., 2014 



Nutrients 

MOLECULAR NUTRITION 

Genes  

Nutrigenetic 

Polimorphism 

Nutrigenomic 

Gene expression  

PERSONALISED NUTRITION 



Rather than existing an ‘optimal’ diet, there is a range of adequate 

diets depending on genetic, biological and cultural variation. 

EPIGENETIC MARKS GENETIC BACKGROUND 

PHYSICAL ACTIVITY 

LIKES AND DISLIKES ALLERGIES AND 
INTOLERANCES 

FAMILY HISTORY 

PREVIOUS DISEASES CULTURE 

Personalized diet 

Personalized Nutrition 



Conclusions 

 
Genome:  30.000 genes (more than 30% have polimorphisms)                

GENOMA 

Gene expression = f (DNA  nutrition, physical activity environment,…..) 

Diagnosys:  - Nutrient requirements  
  - Predisposition to nutrition related diseases 
  - Prescription of diets  (Prophylaxis/therapy) 
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PERSONALIZED WEIGHT MANAGEMENT 

INDIVIDUALIZED NUTRITION 
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