


EPIGENETICA

L'epigenetica @ quel ramo della genetica che studia le modificazioni ereditabili (ovvero
trasmissibili alle successive generazioni) che portano a variazioni dell’espressione genica
senza pero alterare la sequenza del DNA.



Epigenetic differences arise during the lifetime
of monozygotic twins
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“Epigenomicsis
where genomics was
30 years ago, when
everyone was working
onpart ofthe puzzle.”
— Peter Jones
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MECCANISMI EPIGENETICI

Fattori che influenzano l'espressione
genica, trasmessi alla progenie, ma che
non sono direttamente attribuibili a
sequenze di DNA.

MODIFICAZIONI DEGLI ISTONI
Acetilazioni, fosforilazioni e metilazioni,
responsabili dei cambiamenti
conformazionali della cromatina.

METILAZIONE DEL DNA




Le code N-terminali degli istoni sporgono dal nucleo
dell’ottamero

Le modificazioni chimiche
degli istoni forniscono siti
di legame per proteine che
possono cambiare lo stato
della cromatina in attivo o
iInespresso

Una particolare
combinazione di tali
modificazioni ha un
significato biologico
Modificazioni possibili: (CODICE ISTONICO)

A = Acetilazione di lisine (K)

M = Metilazione di lisine (K) e arginine (R)
= Fosforilazione di serine e treonine (S/T)

U = Ubiquitinazione di lisine (K)



The histone code

'ipotesi del codice istonico propone che modificazioni covalenti post-traduzionali delle code
degli istoni vengano “lette” dalla cellula portando ad un risultato trascrizionale combinatorio
complesso
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Modificazioni prot-traduzional Risposta
DINAMICHE trascrizionale

specifica






Qual e la funzione del codice istonico?

Signalling pathway model postulates that histone modifications serve
as signalling platforms to facilitate binding of enzymes for their function
on chromatin
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Modificazioni possibili:

A = Acetilazione di lisine (K)

M = Metilazione di lisine (K) e arginine (R)
= Fosforilazione di serine e treonine (S/T)

U = Ubiquitinazione di lisine (U)

CHI AGISCE?

COMPLESSI DI MODIFICAZIONE DELLA CROMATINA:

'HAT, HDAC
ISTONE METILTRANSFERASI (HMT) E DEMETILASI

CHINASI

ENZIMI CHE CONIUGANO UBIQUITINA



Acetylation is very dynamic and rapidly changing

HAT catalyzes the transfer of an acetyl
group from AcCoA to the &— amino
group of the lysine residue, releasing its
positive charge and therefore lowering
its affinity for DNA

HDAC promotes the removal of the

acetyl group from the acetyl-lysine
regenerating the e— amino group and

releasing the acetate molecule

heterochromatin euchromatin
(transcriptionally inactive/condensed) (transcriptionally active/accessible)
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Histone lysine methylations confer
active or repressive transcription
depending on their positions and
methylation states.

H3K4, H3K36 and H3K79
methylations = active transcription

H3K9, H3K27 and H4K20
methylations = silenced chromatin
states.

Histone lysine methylation functions are exerted by effector molecules that

specifically recognize the methylated site.
These ‘reader’ proteins contain methyl-lysine-binding motifs the ability to distinguish

target methyl-lysines and surrounding amino-acid sequence.



Parental histones and their posttranslational
modifications are retained and randomly
associate with the newly synthesized
daughter DNA strands.

The modifications of parental histones are

copied onto newly deposited histones by

chromatin modification complexes:

« a subunit recognizes the modification on
the parental histone

« another subunit catalyzes the same
modification on an adjacent nucleosome.

Note that distribution of histones to
daughter DNA strands is random.



MECCANISMI EPIGENETICI

Fattori che vengono trasmessi alla
progenie, ma che non sono
direttamente attribuibili a sequenze di
DNA.

MODIFICAZIONI DEGLI ISTONI
Acetilazioni, fosforilazioni e metilazioni,
responsabili dei cambiamenti
conformazionali della cromatina.

METILAZIONE DEL DNA

Nelle cells eucariotiche la metilazione €’
a carico della G. Solo il 3% delle C €’
metilato; in genere e’ bersaglio della
metilazione la C delle doppiette CpG.




DNA methylation

is mainly associated with transcriptional repression and plays a major role in
different processes such as X chromosome inactivation (XCl), genomic
imprinting, silencing of transposons, repetitive elements and germ-line
specific genes.

Given the robust stability of DNA methylation, tight regulation is of crucial
importance, for proper cellular function (Greenberg, 2021).

The epigenetic memory linked to DNA methylation is robust in somatic
tissues, where the levels of CpG methylation are globally stable, with 70-
80% of CpG dinucleotides harboring the mark (Lee et al., 2014).



Vertebrates Use DNA Methylation to Lock Genes in a
Silent State

Vertebrate cells contain a family of
proteins (MeCP2) that bind
methylated DNA.

These DNA-binding proteins, in turn,
interact with chromatin remodeling
complexes and histone deacetylases
that condense chromatin so it becomes

transcriptionally inactive.



Ad ogni ciclo di duplicazione, deve essere
mantenuto il profilo di metilazione (e

quindi poi di espressione) del filamento
parentale



DNA Methyl-transferases I

In mammals, there are 2 families of DNA Methyl-transferases:

a) DNMT1, the maintenance methyltransferase that is responsible
for the methylation of hemi-methylated CpG sites during DNA
replication.

a) de novo methyltransferases (DNMT3A and DNMT3B) that act
primarily on CpG dinucleotides during the embryonic life



Maintenance of DNA methylation

1. Dnmtl maintains the methyl-CpG content of both daughter DNA
duplexes following replication (higher affinity for hemimethylated
mCpG DNA)

2. Dnmtl Methyltransferase is localized to the chromosomal
replication complex

3. Methylation of newly synthesized DNA takes place less than one
minute following replication (chromatin assembly takes 10-20 min)



The essential role of DNA methylation for a proper
differentiation is supported by the severe developmental

defects and embryonic lethality exhibited in DNMT-deficient
mice.

Dnmt3a -/-, Dnmt3b -/- Dnmt1 null
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CpG island (CGI) promoters are not methylated

Roughly two-thirds of promoters are CpG-Islands, and comprise most
housekeeping and developmental genes.

ALL CpG islands are associated with transcribed genes

Keeping promoters free of methylation is absolutely crucial for proper cellular
function.

X-linked CpG islands become methylated upon X inactivation;

There is nothing about the sequence, per se, that should
repel de novo DNA methylation.



The activity of the globin genes inversely correlates
with the methylation of their promoters

The methylation pattern changes during
development. The cells that produce
hemoglobin in the human embryo have
unmethylated promoters for the genes
encoding the e-globins of embryonic
hemoglobin. These  promoters become
methylated in the fetal tissue. Similarly, when
the fetal globin gives way to adult globin, the y-
globin gene promoters become methylated.






The amazing demethylase
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There are different mechanisms of DNA demethylation:

both passive and active processes can occur.

% Passive demethylation simply
requires the impairment of
maintenance DNA methylation
machinery (Dnmt-1), which
results in 2-fold dilution of
methyl-CpGs during each round
of DNA synthesis.




There are different mechanisms of DNA demethylation:
both passive and active processes can occur.

s Active DNA demethylation
in mammals involves the

action of Ten-eleven
translocase (TET) family

of dioxygenases. /\
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Mammalian genome methylation

Mammals exhibit two rounds of dramatic DNA methylation reprogramming during
embryonic development:

1. immediately after fertilization
2. inthe germline (Seisenberger et al., 2013; Wu and Zhang, 2014).

Such reprogramming is found exclusively in mammals.




Methylation patterning in development

In mammals, paternal and maternal genomes
undergo parent-specific epigenetic
reprogramming.

During post- fertilization reprogramming, the
embryo loses gamete- specific DNA methylation
patterns inherited from the oocyte and the
sperm.

The paternal genome is actively demethylated
within a few hours after fertilization.

Maternal genome is passively demethylated by a
replication-dependent mechanism after the two-
cell embryo stage, as the maintenance enzyme
DNMT1 provided by the oocyte is excluded from
the nucleus during subsequent cell divisions.



Methylation patterning in development

In the inner cell mass of preimplantation embryos, approximately 20% of CpGs
retain gamete- inherited methylation in both mice and humans.

These notably map to ICRs (imprinting control regions), as expected from the
intergenerational nature of genomic imprinting, which is linked to the sequence-
specific DNA demethylation resistance
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Following this dramatic global demethylation wave, the de novo methyltransferases,
DNMT3A and DNMT3B, rapidly re-establish high levels of methylation.

By E6.5, the primed stem cells in the epiblast will then further differentiate into the
somatic lineages, which will globally maintain the pattern and levels of CpG
methylation established during these early stages of development.



What about germ cells?



Methylation patterning in PGCs development

s DNMT3A e TET1

DNMT3B TET2
s DNMT3C e TET3
s DNMT 3L

* Demethylation occurs in developing PGCs (primordial germ cells), as a prerequisite for
subsequent acquisition of sex- specific DNA methylation patterns during male and female
germline differentiation.

* Post implantation, in the epiblast, a subset of stem cells is specified for the germline, where
they undergo PASSIVE DNA demethylation, mediated by TET1 and TET2.

* Male gametes become highly methylated before birth through the activity of DNMT3A and
DNMT3L.

* The oocyte gains methylation after birth, after meiosis and prior to ovulation through the

activity of DNMT3A in humans.




» A parita’ di sequenza del DNA in tutte le cellule di un
organismo, come si spiega la tessuto specificita’ di
espressione di alcuni geni?

» In altre parole

» Come l'insulina viene espressa solo e soltanto dalle
cellule beta del pancreas e non in altre cellule?



La coordinazione
dell’'espressione di piu geni
avviene grazie a un singolo
segnale ambientale, che
iInduce la sintesi di una
proteina regolatrice della
trascrizione.
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Viable offspring derived from
fetal and adult mammalian

cells NATURE | VOL 385127 FEBRUARY 1997
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Perche clonare le pecore?

La pecora Dolly fu prodotta al Roslin Institute
come parte di una ricerca per la produzione di
medicinali nel latte degli animali da allevamento.
| ricercatori sono riusciti a trasferire i geni umani
che producono utili proteine, nelle pecore e
nelle mucche in modo che esse possano
produrre, per esempio, il fattore IX agente
coagulante del sangue per curare I'emofilia o Ia
proteina alfa-1-antitripsina per curare la fibrosi
cistica e altre patologie polmonari.



The greater interest in pig cloning
has two main reasons, its
relevance for food production and
as its use as a suitable model in
biomedical applications.

The overall efficiency of SCNT in
pigs remains very low, based on
the rate of healthy, live born
piglets following embryo transfer.












Che cosa e successo a Dolly?

Dolly, é stata viziata e coccolata al Roslin Institute. Si & accoppiata e ha partorito normalmente
dimostrando che gli animali clonati si possono riprodurre. E nata il 5 luglio del 1996 e quando aveva sei
anni e mezzo, il 14 febbraio del 2003, &€ morta con l'eutanasia. Le pecore possono vivere finoa 11 0 12
anni, ma Dolly soffriva di artrite all'articolazione dell'arto posteriore e di adenomatosi polmonare, un
tumore del polmone provocato da virus al quale sono soggette le pecore allevate in ambiente chiuso.

| cromosomi di Dolly erano un po' piu corti rispetto a quelli di altre pecore, ma sotto molti altri aspetti la
pecora Dolly era uguale a qualunque altra pecora della sua eta cronologica.

Tuttavia, il suo precoce invecchiamento potrebbe essewre un'indicazione del fatto che essa & stata
riprodotta dal nucleo di una pecora di 6 anni. Studi della sue cellule rivelarono anche che il DNA
mitocondriale era stato ereditata dalla cellula uovo e non dal nucleo del donatore come il resto del DNA.
Percid essa non rappresenta una copia completamente identica
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Limited demethylation leaves mosaic-type
methylation states in cloned bovine
pre-implantation embryos
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Methylation reprogramming, cloning and
imprinting
J

J Reprogramming is deficient in most cloned preimplantation
embryos; in particular, demethylation seems to be inefficient,
perhaps because the somatic nuclei contain the somatic form of
Dnmtl which, unlike the oocyte form, is capable of maintaining
methylation levels

J Most cloned embryos die at preimplantation or various
postimplantation stages, and even those that develop to term
often have specific abnormalities, particularly of the placenta






























IPSCs






“Patient tailored therapy”



Disease modeling through iPSC-CMs



Disease modeling through iPSC-CMs
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