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Introduction

Central Dogma
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What Is the epigenetics?

FIGURE 1. Waddington’s epigenetic landscape. (Reproduced from Waddington,5 FIGURE 2. The interactions underlying the epigenetic landscape. (Reproduced
p. 29, with permission from Taylor & Francis, London.) from Waddington,? p. 36, with permission from Taylor & Francis, London.)

Waddingtoniarepigenetic$1940s ) was located at the junction of genetics, developmental
Biology, and ecology, all of which were rooted in evolutionary biology.
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Epigenetic modification

A DNA modifications
A Histone modifications
A Nucleosome positioning

regulate
Gene andnicroRNAexpression

DNAgprotein interactions

suppression of transposable element mobility
cellular differentiation

embryogenesis

X-chromosome inactivation
genomicimprinting etc.



Topics

1. DNA methylation anddemethylation



DNA methylation : What is methylated ?
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The canonical DNA nucleosideB; dG, dT, dC

Cytosine can be modified taCandhmCin mammalian tissues.
DNMT : DNAnethyltransferase

TET enzyme: ten eleven translocation enzyme
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Where Is 5-methylcytosine?

DNA methylation mainly occurs in the context@fGdinucleotides

60 90% ofCpGsmethylatedin mammals (corresponding to 38% of all cytosine
residues.

The remaininginmethylatedCpGdinucleotidesare mostly found near gene
LINEY2USNB AY RSy&fslntsdd 6 SNE (y26Yy | &
The definiton ofCpGA & f I YR A& &l &S1ljdzSyOoS 2F Y2
content of at least 50% and a ratio of observed to statistically expecp«d
frequencies of at least 0.6CpGdinucleotidesare usually quite rare in mammalian
genomes ( 1%))

About 60% of human gene promoters are associated @pkislands and are usually
unmethylatedin normal cells, although some of them 6%) become methylated in &
tissuespecific manner during early development or in differentiated tissues.
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V Unmethylated CpGislands at promoters of genes allow transcription.



The function of DNA methylation

A Methylated cytosine can block binding of transcriptional factors.

A Methylated cytosine can promote the recruitment wiethy-CpG
binding domain (MBD}roteins.

A MBD family members recruit historaodifying and chromatin
remodeling complexes to methylated sites.

¥

A In generalmethylationof CpGislands is associated witlene silencing

*Genomiamprinting
Hypermethylationat one of the two parallel alleles leadsrmonoallelicexpression.
A similar genalosage reduction is observed ircKromosomeanactivationin females.
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DNA methylation patterns
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The types of methylation

A De novomethylation

The DNA methylation pattern is largely established during early
embryogenesis, at around the time of implantation.

De novdDNMTs: DNMT3A, DNMT3B, DNMT3L{catalyticparalogug
*DNMT3A and DNMT3B may participate in maintenameghylaion

A Maintenance methylation

Global DNAnetylationpatterns must be stably maintained during
replication to ensure that transposons remain in a silenced state and t
preserve cell type identity.

Maintenance DNMT: DNMT1



Maintenance of
DNA methylation

J.A. LawS. E. Jacobsddat. Rev. GeneP010,11, 204¢ 220.



