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THE HUMAN GENOME PROJECT

achievements

3.1 billion letters (A, T, C, G)

20 000 — 25 000 genes

(roundworms have 19 000!!!!)

2% of our genome is active



WHAT TELLS OUR GENOME

which genes to work?

how?

when?



Internationdl y o Public resource for genes finding

HapMap 4

Proiect

Database of human genes (~ 20 000)
Ge ards®
-

The Human Gene Compendium

Database for 10 464 "disease genes”

MalaCards

The Human Malady Compendium



GENOME COMPARATIVE ANALYSES

genetic difference between humans and chimpanzees is only
1.5 %

Georgieva M., 2013



THE MYSTERY OF IDENTICAL TWINS

Identical genomes | Identical genomes

—

Age 5 Age 55



THE HUMAN BODY
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THE MANY FATES OF A CELL

Qkin cell

Adapted from Waddington, 1953; animation Georgieva, M. (2013)

Brain cell



EPIGENETICS

EPIGENETICS means “above the genetics”
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THE MYSTERY OF IDENTICAL TWINS
UNRAVELED

Similar epigenomes Different epigenomes

Identical genomes Identical genomes

—

Age 5 Age 55



EPIGENETICS IN ACTION

smoking

drinking
ENVIRONMENT » EPIGENOME » GENOME

eating a lot

lack of physical activity



MECHANISMS OF EPIGENETICS

Chromatin structure

Non-coding RNAs

Histone post-translational
modifications g
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https://www.celgene.com



CENTRAL ROLE OF EPIGENETICS IN BIOLOGY
AND MEDICINE

Epigenetic regulation

b

genome stability

cell differentiation

development



EPIGENETIC GENOME REPROGRAMMING

Mamtenance I Maintenance Maintenance
\of imprints of imprints of imprints

Cumeles Establishment Er?surq
Ofxpunts of imprints
@ @ % % Germline patterns
T T Somatic patterns

Primordial germ cells

http://www.humgen.biozentrum.uni-wuerzburg.de
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Genome-wide DNAdemethylation

ul X-chromosome reactivation

Imprint erasure

Establishment

Sex determination| :EICIGED

imprints

De novo methylation

Relative 5mC content

Dynamic changes to histone modifications

G2 arrest Active proliferation or Folliculogenesis

2 Female

Saitou M et al. Development 2012;139:15-31




LIST OF EPIGENETIC DISEASES

Disease

Angelman S swwdrome
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Leukaemia
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Rubinstein-Taybi syndrome
Coffin-Lowry syndrome

Chromosome instability, iImmunodeficiency

Intellectual disabilities
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Dxem lOﬂ of 9‘ xfl SNF fhromatm rernodelhng complex
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Ovorexpreﬁuon of IGFZ bI|GHC|ﬂ(j of CDKa\
Disturbed haematopoiesis
Intellectual disabilities

Intellectual disabilities
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Deregula ion of one or more umpnnted genesat 15q11- 13fmaternal)

Aetiology

Mutations in ATRX gene, hypomethylation of certain repeat and satellite

sequences

Expansion and methylation of CGG repeat in FMRT 5" UTR, promoter

methylation

DN;VT?b mutations, DNA hypomethylation

DP: ovo methwla }on of varlouq gene promoters
Muta ione |n 91\!F5 BRG BRM

Loss of nmpr |n ing

Chromosomal translocations involving HATs and HMTs
Mutation in CREB-binding protein (histone acetylation)
Mutation in Rsk-2 (histone phosphorylation)




In a nutshell

The epigenetic mechanisms regulate our genes

The environment influences the epigenetic mechanisms

ART could change epigenetic regulation



OUR EPIGENOME

could lead to

iltions of different interpretations



Treat your epigenome well ©

It is for your grand- and great-grandchildren
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