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GENETICS



Οι Ολυµπιακοί ήταν οι παλαιότεροι

και πιο σηµαντικοί από όλους τους

ελληνικούς αγώνες. Ήταν η

µεγαλύτερη θρησκευτική γιορτή, 

ανάµεσα στις γιορτές τις

αφιερωµένες στο ∆ία, τον

ανώτατο θεό. Το ιερό της

Ολυµπίας επέβαλλε το κύρος του

σε ολόκληρο τον ελληνικό κόσµο.

GENETICS GENOMICS

Base calling

Sequence quality

Vector trimming

Assembling

Automated

sequencing
Software

>Gene

ACCTGTCAGTGTCAACTGCTTCAATAGC

TAATGCTAGGCTCGATAATCGCTGGCCT

CAGCTCAGTCTGCTCGATAATCGCTGG

CCCGATAATCGC



BIOINFORMATICS

NANOTECHNOLOGY



GENETICS EPIGENETICS

Heritable changes in gene 

expression or cellular 

phenotype that do not entail 

changes in the DNA 

sequence

Heritable changes in gene 

expression or cellular 

phenotype that entail changes 

in the DNA sequence



DNA
methylation



METHYLATION OF CYTOSINE

H3C

5-metyl Cytosine



DNA METHYLATION
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Μικρός καρπόςΜικρός καρπός

Μεγάλος καρπόςΜεγάλος καρπός

PARENTAL IMPRINTING





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 HypermethylatedWhen to Intervene??



A. MUTATIONS B. EPIMUTATIONS
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Histone
modification



HISTONE CODE

� Acetylation

� Methylation

� Phosphorylation

� Ubiquitinylation



H3K9 H3K27 H3K79

H4K20

Μethylation

Deacetylation

compact inactive state

Gene silencing

Heterochromatin

Μethylation

Acetylation

Euchromatin

active state

Gene expression

H3K4



METHYLATION PATTERNS IN HUMAN DEVELOPMENT 
AND TISSUES



RNA
Interference



Chapter 12: From DNA to Protein: Genotype to Phenotype



SMALL RNAS (SRNAS)

miRNAs siRNAs

Genome
IGR IGREE E E

I I I

ds miRNA (21-22nt)

miRNA precursor

ds siRNA(21-25nt)
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ds RNA

RNA virus



GENE SILENCING



DNA
methylation

RNA 
Interference

Histone
modification

X

Heritable silencing



GenomeGenome

Epigenome 1Epigenome 1

Epigenome 2Epigenome 2

Epigenome 3Epigenome 3

Epigenome 4Epigenome 4

Epigenome nEpigenome n

Transcriptome 1

Transcriptome 2

Transcriptome 3

Transcriptome 4

Transcriptome n

ONE GENOME VERSUS MULTIPLE EPIGENOMES



DNA METHYLATION IS  A “HOTSPOT” FOR MUTATIONS

Not a DNA base

Error correction

Normal DNA base

No correction



THE TRANSITION  C > Τ, THAT PROBABLY IS A  RESULT OF 5-METHYL-

CYTOSINE DEAMMINATION, IS FREQUENT IN TUMORS.



: CpG island



: CpG island



EPI-THERAPY



EPIGENETIC DISEASES AND DIAGNOSIS

Disease Aetiology Diagnostic Method

Fragile X syndrome Expansion of CGG repeat in FMR1   5 
’UTR

PCR, Sequencing

Angelmen’s syndrome Deregulation of one or more imorinted 
genes

Bisulfite method, 
sequencing

Rett syndrome MeCP2 mutations Sequencing, RFLP

Leukemia Chromosomal translocations involving 
HATs ans HMTs

RT-PCR, sequencing

Various cancers De novo methylation of various promoters Bisulfite method, 
sequencing, PCR



DNA
methylation

RNA 
Interference

Histone
modification

X

Heritable silencing

5-Azacytidine

5-Aza-2’-

deoxycytidine

FCDR

Zebularine

Procainamide

EGOG

Peammaplin A

Phenylbutiric acid

SAHA

Valproic acid

Sulforaphanes

Antagomirs



HISTONE ACETYLASE INHIBITORS

Natural inhibitors Synthetic inhibitors



ANTAGOMIRS

5΄-ascsacacaacacugucacauuscscsas-

Chol-3΄

Antagomir-122:

Phosphorothioate linkage

for stability

cholesterol linkage

for delivery

Chemically modified ss RNA analogues complementary to miRNAs

Antagomir-16

Antagomir-122

Antagomir-192

Antagomir-194

Intravenous administration

miR16

miR122

miR192

miR194

Silencing of the endogenous

•Very promissing therapeutic potential

Krutzfeldt et al., 2005 Nature 438: 685

Can silence miRNAs in vivo



EPI-NUTRITION
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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 HypermethylatedWhen to Intervene??



METABOLISM OF METHYLS

S-Adenosyl methionine Methyltetrahydrofolate



Bitamine B6Bitamine B6

Bitamine B6Bitamine B6

FolateFolate

FolateFolate

Bitamine B12Bitamine B12



EPIGENETIC BIOACTIVE COMPOUNDS IN PLANTS



R. Kucharski, J. Maleszka, S. Foret, R. Maleszka Science 319, 1827 (2008) pag. 1827-1830

NUTRITIONAL CONTROL OF REPRODUCTIVE STATUS IN HONEY BEES



Caresse

Kos

Ippolytos

EPIGENETIC MODIFIERS  IN BARLEY SEED DEVELOPMENT
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