
How genotype creates 
phenotype ??

Mendelian genetics (mathematic abstractions) explain genes transmission but it sheds no 
light on how genes create cellular and organismic phenotypes.
Genotype embodied in DNA sequences creates phenotype through proteins.
We still possess an incomplete understanding of how genotype influences phenotype.



Η Γενετική Ασχολείται 
µε την 

Συµπεριφορά γονιδίων 
στα πλαίσια ενός κυττάρου 

ή ενός οργανισµού

Γονιδια - Περιβαλλον

έκφραση των γονιδίων ενός οργανισµού +της επιρροής των περιβαλλοντικών
παραγόντων +τις αλληλεπιδράσεις µεταξύ των δύο=φαινοτυπος.





DNA





Why your DNA isn’t your destiny







What Epigenetics is All About

turning genes on and off 



Επιγενετικη

Η  Epigenetics είναι η µελέτη ορισµένων ειδών χηµικών αλλαγών 
που  λειτουργούν σαν  διακόπτες,  που κλείνουν τα γονίδια  η τα 
ανοίγουν και µε αυτόν τον τρόπο αλλάζουν την  έκφραση γονιδίων 

(δηλαδη κατα πόσον ένα γονίδιο  δραστηριοποιειται για να 
«εκφραστη» σε πρωτεϊνη).













Epigenome: 
The symphony in your cells

https://www.youtube.com/watch?v=
W3Kg9w-srFk&feature=youtu.be

https://www.youtube.com/watch?v=W3Kg9w-srFk&feature=youtu.be
https://www.youtube.com/watch?v=W3Kg9w-srFk&feature=youtu.be




The dynamic epigenome
and its implications

The programming of the genome is controlled by the epigenome
The epigenome is composed of two components:

1)  the chromatin which is associated with the DNA and
2)  DNA methylation which is part of the covalent structure of the genome and is 

therefore a stable long-term signal

DNA methylation is an interface between the dynamic environment and the static 
genome



Timing..

More dimensions…..





Γονιµοποίηση-Διαφοροποιηση

ενιαίο γονιµοποιηµενο κύτταρο Γαµετες:
(ωαριο, σπερµατοζωαριο)



Διαφοροποίηση



Development 



Aging



twins



Μελετες επιδρασης περιβαλλοντος
σε διδυµα







Genetic Variations

Mutations are likely to be rare and most 
mutations are neutral or deleterious, but in 
some instances the new alleles can be favored 
by natural selection.

Examination of DNA has shown genetic 
variation in both coding regions and in the 
non-coding intron region of genes.









How Cells Read the Genome: From DNA to Protein , in the way in which information flows 
from DNA to protein.













Η Μοριακη βάση της 
Επιγενετικης

Καποιες χηµικές αλλαγές  αλλάζουν την έκφραση γονιδίων χωρίς 
επιρροή στο γενετικού κώδικα. Παραδείγµατος χάριν η 

επισύναψη των µεθυλικών οµάδων (methyl groups) στο DNA 
εµποδίζει την έκφραση γονιδίων. Ενω η προσθήκη των 

ακετυλικών οµάδων (acetyl groups ) στις πρωτεΐνες που 
ονοµαζονται histones χαλαρώνουν τη δοµή των χρωµοσωµάτων, 

και ετσι  καθιστουν τα συνιστοµενα γονίδια να µεταγράφουν 
ευκολότερα.









Μηχανισµοι

Σταδια ρυθµισης της έκφρασηςτων γονιδίων. 

Μέσω της αναδιαµόρφωσης της χρωµατίνης. 

1. Chromatin remodelling
2.DNA methylation.





































































Switch On/Off 



Embryonic Stem Cells

Mainly from IVF



This cell
Can form the 

Embryo and placenta

This cell
Can just form the

embryo

Fully mature 



Blastocyst Diagram



Embryonic Stem Cells
• The zygote contains "totipotent" stem cells 

which can develop into any cell including 
those that make up the human embryo

• Once the zygote has developed into a 
blastocyst, the inner cell mass will contain 
embryonic stem cells
– Pluripotent -> limited capabilities but can still  

further create several specialized cell types



Pluripotent Stem Cells –
more potential to become any type of 

cell



Multipotent stem cells

• Multipotent 
stem cells –
limited in what 
the cells can 
become



• Skin 
• Fat Cells
• Bone marrow
• Brain
• Many other organs 

& tissues

Adult Stem Cells
An undifferentiated cells found among 
specialized or differentiated cells in a 
tissue or organ after birth























What Drives Our Genes? 
Researchers Map The First 

Complete Human Epigenome

Stem cells offer enormous potential for repairing damaged tissue but historically they have been hard to obtain. Recent 
discoveries have shown that normal skin cells can be induced to form stem cells. This provides a readily available source 

of stem cells, but it’s not known if these “induced” stem cells are really equivalent to embryonic stem cells, or if the 
range of adult cell types made from them are normal and could be used for therapeutic purposes. An important step to 

answer these questions is the development of “fingerprints” of all cell types. Chemical modifications to DNA occur in 
different patterns in each type of cell. These modifications serve as one type of molecular fingerprint that defines what 
makes a liver cell a liver cell vs. a heart cell vs. a neuron vs. a “pluripotent” stem cell that has the potential to become 

any one of these cell types and more. To understand how an embryonic stem cell differentiates to become any type of 
cell in the body, we need to decipher its molecular fingerprint. We also need to know if induced stem cells have the 

same molecular fingerprint as embryonic stem cells.

Researchers in the Common Fund’s Epigenomics Program have taken the first step toward this goal. They have 
determined a high resolution fingerprint of one type of chemical group on the DNA of human embryonic stem cells and 

have compared it to what is found in fibroblasts, a type of cell found in many tissue types, including skin. They found 
that the fingerprints varied drastically between the two cell types. In addition, an analysis of limited regions of DNA from 
induced stem cells yielded a partial fingerprint that showed the same characteristics as in human embryonic stem cells. 

This discovery yields fundamental knowledge about stem cells and indicates that induced stem cells are molecularly 
similar to embryonic stem cells. It provides a method to identify cells as stem cells, and it is important for future work in

which these cells will be used to regenerate adult tissues.





Age-dependent –loss of epigenetic 
control of differentation







Double Meaning: Researchers 
Discover Hidden Codes in Genes

Researchers in the Common Fund’s Epigenomics program have discovered a hidden layer of meaning contained within 
genes. Dr. John Stamatoyannopoulos at the University of Washington, along with his colleagues, have discovered some 

regions of DNA serve a double purpose. These regions contain instructions for how to make a protein, as well as 
information about when and how much of the protein should be made. Scientists previously thought that a particular 

stretch of DNA could be part of the genetic code, specifying the sequence of amino acid “building blocks” used to make 
a protein, or part of the regulatory code, containing elements  that control expression of the protein. Dr. 

Stamatoyannopoulos and colleagues have identified “duons,” stretches of DNA within the genetic coding regions that 
also contain a regulatory sequence called a transcription factor binding site. The researchers created a map showing 

where transcription factors were bound within genetic coding regions. Looking across 81 diverse human cell types, they 
found that approximately 15 percent of DNA within genetic coding regions has this dual purpose. This study suggests 

that mutations within these duons could alter the protein sequence itself, the regulation of the protein, or possibly both 
simultaneously. These results have important implications for how researchers interpret genetic mutations to provide 

information about human health and disease.



NIH Common Fund researchers link 
genetic variants and gene 

regulation in many common 
diseases

Dr. Stamatoyannopolous and colleagues found that some of the genetic variants linked to 
adult-onset diseases lie in regions of DNA that regulate genes during the early stages of 

development, providing a potential mechanism to explain the observation that some 
environmental exposures in utero or during early childhood are known to increase risk of 
diseases that produce symptoms years or even decades later. The researchers were also 

able to link genetic variants in non-coding regions with the genes they regulate, which has 
been a major challenge in genetic studies because the genes are often located a great 

distance away. In addition, researchers were able to pinpoint which cell types are affected 
by different diseases. These results provide new insight into disease mechanisms, and 
suggest novel targets for therapeutics development and disease prevention strategies.



X-Linked Disorders: When One 
Healthy Gene Isn't Enough

NIH Roadmap Epigenomics program investigator Dr. Jeannie Lee led a research team to 
explore a new method of X reactivation that combines two approaches – inhibiting DNA 
methylation and simultaneously interfering with the RNA responsible for X inactivation 

(Xist). The team tested this approach in mouse cells to treat Rett Syndrome, which results 
from the mutation of a gene on the X chromosome that codes for the protein “MECP2.” 

MECP2 is important for development of nerve cells. Using this approach, the researchers 
saw 30,000 times greater production of MECP2 due to reactivation of the inactive X 

chromosome containing the healthy gene. The next step will be to test this treatment 
approach in a Rett Disorder animal model. The results of this study indicate that this new 

mixed approach is a promising treatment strategy for some X-linked disorders.













How do changes in the epigenome
contribute to cancer?

Adding or removing methyl groups can switch genes 
involved in cell growth off or on.

For example, in a type of brain tumor called glioblastoma, 
doctors have had some success in treating patients with a 

drug, called temozolomide, that kills cancer cells by 
adding methyl groups to DNA. 



Πολλά teratogens ασκούν τα 
συγκεκριµένα αποτελέσµατα στο
έµβρυο από τους epigenetic 

µηχανισµούς.



Pesticides : καρκινογονος ουσια 
και επιγενετικα αποτελεσµατα 



Εµφανιση του 
καρκινικου 
φαινοτυπου στους 
απογονους(3 γενιες)









Stress

Stress –shock----àanxiety disorder 
(children)













Epigenetic Imaging Shows 
Gene Activation in Living Brains for 

the First Time

Epigenomics grantee Dr. Jacob Hooker and collaborators have used a new neuroimaging tool to show, for the first time, 
where genes are being turned off or on in living human brains. Histone deacetylases (HDACs) are enzymes that regulate 
gene expression through epigenetic modifications and are therefore useful therapeutic targets. Using a specific HDAC 
imaging probe called Martinostat and positron emission tomography (PET) scanning, Dr. Hooker’s group has visualized 

HDAC expression in the living brain of eight healthy volunteers. In addition to observing distinct regions of HDAC 
expression within human brains regions, they also saw strikingly conserved regions of HDAC expression levels between 
these individuals. These conserved patterns within and between healthy individuals are significant because this lays the 
groundwork for understanding epigenetic information in the human central nervous system (CNS) and related diseases. 
“I’m hoping these colorful maps let us compare healthy brains with the brains of people with schizophrenia, Alzheimer’s, 
and other diseases,” said Hooker. The authors conclude that this work provides a “critical foundation for how to quantify 

epigenetic activity in the living brain and in turn accomplish HDAC inhibition in the CNS as a therapy for human brain 
disorders”.



Common Fund-supported 
Researchers Map Epigenome of 
More Than 100 Tissue and Cell 

Types













The Roadmap Epigenomics Project has produced reference epigenomes
that provide information on key functional elements controlling gene 

expression in 127 human tissues and cell types and encompassing 
embryonic and adult tissues, from healthy individuals and those with 

disease.











a-d. Tissues and Cell Types of Reference Epigenomes. Comprehensive listing of all 111 reference epigenomes generated 
by the consortium, along with epigenome identifiers (EIDs), including: (a) adult samples; (b) fetal samples; (c) ESC, iPSC, 
and ESC-derived cells; and (d) primary cultures. Colors indicate the groupings of tissues and cell types (as in Fig. 2b, and 

throughout the manuscript). For five samples (adult osteoblasts, and fetal liver, spleen, gonad, and spinal cord), no color 
is present, indicating that these are not part of the 111 reference epigenomes (ENCODE 2012 samples, or not all five 
marks in the core set were present), but datasets from these samples are high quality and were sometimes used in 

companion paper analyses, and are available to the public. e. Assay correlations. Heatmap of the pairwise experiment 
correlations for the core set of five histone modification marks (H3K4me1, H3K4me3, H3K36me3, H3K27me3, 

H3K9me3) across all 127 reference epigenomes, the two common acetylation marks (H3K27ac and H3K9ac), and DNA 
accessibility (DNase) across the reference epigenomes where they are available. Yellow indicates relatively higher 
correlation and blue lower correlation. Rows and columns were ordered computationally to maximize similarity of 

neighboring rows and columns 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4530010/figure/F2/














http://www.computational-
epigenetics.de

http://www.epigenome.org

http://www.computational-epigenetics.de
http://www.computational-epigenetics.de

