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THE CHALLENGES OF 
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Less arable land  

Less water and desertification 

Less pesticides and chemicals  

High energy prices 

Less biodiversity and genetic material 



INTRODUCTION AND 

TRAINING OBJECTIVES   



 To demonstrate applications of the knowledge obtained from 

genomics 

 To present some of the main genomic technologies  

 To present the New Trends on Food Production  

 To train on methods that can be easily introduced in other 

laboratories of the SEE area.  

 To promote the exchange of experience between dif ferent 

laboratories and eventually set -up a network between them 

 To demonstrate protocols for the traceability of PDO or high 

added value products 

 To introduce innovations in the agri-food chain particularly 

those related to nucleic acid technologies.  

TRAINING OBJECTIVES  



THE AGRI-FOOD CHAIN 

New Varieties 
and Breeds 

Selection of genotypes 
Production of germplasm 
and seeds 

Cultivation and 
Farming Methods 

Harversting 
Mechanical, Chemical and 
Physical Transformation 
Packaging 
Promotion 

1ο  3ο  2ο  

Cultivation and 
Farming 

Transformation 
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FROM GENETICS TO 

GENOMICS AND 

APPLICATIONS 



GENETICS GENOMICS 



 Roche/454 FLX: 2004 

 I l lumina Solexa Genome Analyzer: 2006 

 Applied Biosystems SOLiDTM System: 2007 

 Helicos HeliscopeTM :  2009 

 Pacific Biosciences SMRT: 2010 

 Ion Torrent: 2011 

 Ion Proton 2012  

 

 

 

SEQUENCING PLATFORMS 
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SEQUENCING COSTS 
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High cost, time 

consuming, high level of 

expertise 



AUTOMATION 



         

BIOINFORMATICS 



SEQUENCED GENOMES 
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Yield parent 2 Yield parent 1 

1 2 5 6 7 8 9 10 3 4 

•Molecular markers 

(genotyping) 

•Molecular Breeding 
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New varieties 
and breeding 

1st  2nd  

Cultivation Transformation 

3rd 

Genomic technologies 



FROM GENOMICS TO 

META-GENOMICS AND 

APPLICATIONS 



GENOMICS METAGENOMICS 



DEVELOPMENT OF MICROORGANISMS IN 

HUMANS 

 



INTERACTIONS OF BACTERIA, VIRUS AND 

EUKARYOTIC ORGANISMS IN HUMANS 



Europeans, 

Americans, 

Asians. n=33; 

Sanger 

Danes 

n=85;  

US 

n=154; 

454 

Human individuals studied so far belong to 3 enterotypes 

25 



FROM GENOMICS TO 

EPI-GENOMICS AND 

APPLICATIONS 



GENOMICS EPI-GENOMICS 

M M M 

M M M 

M 

Epi-nutrition Epi-therapy 



DNA 

methylation 

RNA 

Interference 

Histone 

modification 

X 

Heritable silencing 



IMRINTING 



Yellow 

Mouse 

Agouti 

Mouse 

Cooney  et al. J Nutr 132:2393S (2002) 

Maternal Supplements with zinc methionine  

betaine choline, folate B12 

High risk cancer, diabetes, 

obesity & reduced lifespan 

Lower risk of cancer, diabetes, 

obesity and prolonged life 

LTR Hypomethylated LTR Hypermethylated When to Intervene?? 



IMPRINTNG  

Small Seed 

Large Seed 



EPIGENETIC HISTONE MODIFICATION 



INHIBITORS OF HISTONE DEACETYLASES 

Natural Inhibitors Synthetic Inhibitors 



  

GENE SILENCING 



RNA INTERFERENCE 



EPIGENETICS AND EPITHERAPY 

Target 
DNA Methylation 
 
 
 
 
 
 
 
Histone acetylation 
 
 
 
 
RNA interference 
 

Drug 
5-Azacytidine 
5-Aza-2’-deoxycytidine 
FCDR 
Zebularine 
Procainamide 
EGOG 
Peammaplin A 
 
Phenylbutiric acid 
SAHA 
Valproic acid 
Sulforaphanes 
 
Antagomirs 
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EPIGENETICS AND EPINUTRITION: «EPIGENETIC» FOODS 



10/3/2013 

THE NEW ERA IN NUTRITION SCIENCE IS CALLED 
“NUTRIGENOMICS”. IT IS BELIEVED THAT 
NUTRIGENOMICS WILL REVOLUTIONIZE 
WELLNESS AND DISEASE MANAGEMENT.  

38 

« …Untill the synergistic activities between humans,  

their diet and their commensals have been elucidated,  

the understanding of human biology will remain incomplete »   
Julian Davies. Science, March 2001 



DNA Nutrigenetics 

Nutritional 

Epigenetics 

Nutritional 

Transcriptomics 

Proteomics 

Metabolomics 

Bioactive 

Food 

Component 

RNA 

Protein 

Metabolite 

Phenotype 

N

u

t

r

i

g

e

n

o

m

i

c

s 

THE “OMICS” OF NUTRITION 
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GENOMICS AND FOOD 

PRODUCTION 



 

ARE WE ALL IDENTICAL? 

Elderly 

Athlete 

Babies Cancer patient 

Overweight 

Pregnant 

Diabetic 

Young person 

Celiac 

Kidney patient 



IMPROVING THE QUALITY OF LIFE 



RANDOM 

WHEAT VARIETIES 

ACHELOOS(ΑΧΕΛΩΟΣ) 
ACHERON (ΑΧΕΡΩΝ) 
AIGES (ΑΙΓΕΣ) 
ALFIOS (ΑΛΦΕΙΟΣ) 
APOLLONIA 

APOTEOSI 
ARACHTHOS (ΑΡΑΧΘΟΣ) 
AXIOS (ΑΞΙΟΣ) 
CENTAURO 

DIO (ΔΙΟ) 
………. 
VERDI 
VERTICO 



RANDOM 

WHEAT VARIETIES 

ACHELOOS(ΑΧΕΛΩΟΣ) 
ACHERON (ΑΧΕΡΩΝ) 
AIGES (ΑΙΓΕΣ) 
ALFIOS (ΑΛΦΕΙΟΣ) 
APOLLONIA 

APOTEOSI 
ARACHTHOS (ΑΡΑΧΘΟΣ) 
AXIOS (ΑΞΙΟΣ) 
CENTAURO 

DIO (ΔΙΟ) 
………. 
VERDI 
VERTICO 



 

FOOD FOR DIFFERENT GROUPS 

Food for Diabetics 

Food for Celiacs 

Food for Kidney patients 

Food for Elderly 



FROM FORK TO FARM: A BOTTOM UP 

APPROACH 



DNA METHODS TO 

IDENTIFY ORGANISMS 



 Polymerase Chain Reaction (PCR)  

 Restriction Fragment Length Polymorphisms (RLFPs)  

 Random Amplification of Polymorphic DNA  (RAPDs)  

 Amplified fragment length polymorphisms  (AFLPs)  

 Simple Sequence Repeats  (SSRs)  

 DNA microarrays 

 Nucleic acid sequence based amplification (NASBA) 

 Pulsed-Field Gel Electrophoresis (PFGE)  

 

 

SOME NUCLEIC ACID BASED METHODS 



POLYMERASE CHAIN REACTION (PCR) 

49 
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HIGH RESOLUTION MELTING (HRM) 

56 
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HIGH RESOLUTION MELTING (HRM) PRINCIPLE 
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TAQMAN ASSAY 

58 
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DNA MICROARRAYS 

59 
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Miller, M.B. and Y.W. Tang Clin Microbiol Rev, 2009. 22(4): p. 611-33. 



LIGATION DETECTION REACTION-UNIVERSAL ARRAYS 

(LDR-UA) 

60 
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NUCLEIC ACID SEQUENCE BASED 

AMPLIFICATION (NASBA) 
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PULSED-FIELD GEL ELECTROPHORESIS (PFGE)  

62 
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time consuming, low 

discrimination, low 

sensitivity 



LOOP MEDIATED ISOTHERMAL 

AMPLIFICATION 

63 
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LOOP MEDIATED ISOTHERMAL AMPLIFICATION  



TRACEABILTY OF DOP 

PRODUCTS 



 Product from a particular geographical area 

 The quality or characteristics are essentially or 

exclusively to a particular geographical 

environment (natural and human factors - climate, 

soil quality, experience) 

 The production, processing and preparation takes 

place in the defined geographical area 

DOP Products (Denomination of Origin Protect) 

Reasons for introduction: 

 Encourage diversified agricultural production 

Protect names from misuse and imitation 

Better understanding of the specific nature of 

the products by consumers 



Variety/Species HRM analysis Final product 





    BASMATI AROMATIC RICES 

Ganopoulos I., Argiriou, A. and Tsaftaris A. 

2011 



                     Leguminus 

Madesis P., Ganopoulos I., Argiriou A. and Tsaftaris A. 

2012  



Nuts 

2012  

Madesis, P., Ganopoulos I., Bosmali I. and Tsaftaris A. 



        GREEK FETA CHEESE 

+Sheep and goat milk.  

+ Goat milk till 30% w/w 

- Prohibition to use milk from other 

animal species 

2012  

Ganopoulos I., Madesis, P., Sakaridis I., and Tsaftaris A. 



DNA Isolation 

Analysis 

Genotyping using 

chloroplastic 

markers 

Γονιδιωματική 

2012 

Ganopoulos I., Madesis, P., Kalaitzis P. and Tsaftaris A. 

 Olive Oil 



ASSESSING THE LOCAL 

BIODIVERSITY 



BIODIVERSITY 





      Leguminous species 

2012  

Madesis, P., Ganopoulos I., Ralli, P. and Tsaftaris A. 



           MEDITERRANEAN PINUS SPECIES 

   2012 

Ganopoulos I., Aravanopoulos F., Madesis, P., Bosmali I., and Tsaftaris A. 



PLANTS FOR ANIMAL FORAGE 

2012 

Ganopoulos I., Madesis, P. and Tsaftaris A. 



        CROCUS SPECIES 

Marker 1 Marker 2 Marker 3 



                WILD CHERRY 

2011 

Ganopoulos I., Aravanopoulos F., Argiriou A., Kalivas A. and Tsaftaris A. 



GREEK AUTOCHTHONOUS PIG RACES 



IDENTIFICATION OF 

MICROBES IN FOOD 

PRODUCTS, ANIMAL 

AND PLANT SPECIES 



2012 

Sakaridis I., Ganopoulos I., Soultos N., and Tsaftaris A. 

 

Identification of Lactic Acid Bacteria 



         FUSARIUM OXYSPORUM 

2012 

Ganopoulos I., Madesis, P., Zambounis A., and Tsaftaris A. 



GENOTYPING LISTERIA STRAINS 

USING HRM 

86 
10/3/2

013 

Genotyping of Listeria monocytogenes isolates from poultry carcasses using High Resolution Melting (HRM) analysis  
Sakaridis, Ganopoulos, Madesis, Tsaftaris and Argiriou 
Biotechnology and Biotechnological Equipment, 2013 



DETECTION OF LISTERIA MONOCYTOGENES 

USING LAMP 

87 
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