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Encyclopedia of DNA Elements called

ENCODE

20,000 to 25,000 genes

1990-2003

Humanct

A range of matters remains to be resolved,
such as the relationships between the

epigenetic players (the epigenetic code) and
how the environment and/or aging modulate

the epigenetic marks.
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Eckhardtet al. 2006 Nature Genet 38:1379-85



THE DUTCH FAMINE
OF 1944-1945

A rare case of a famine which took place
in a modern, developed, country.

The well-documented experience has
helped scientists to measure the effects of
famine on human health.

- the children of the women who were
pregnant during the famine were smaller
more susceptible to :
cardiovascular disease,

- when these children grew up and had
children those children were thought
to also be smaller than average.



https://en.wikipedia.org/wiki/Diabetes
https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Microalbuminuria
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ORGANISM
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DNA: 2 m

Cell nucelus: 10 pm

DNA packaging in the nucleus
: DNA ‘ : The Nucleosome | '{'Beads-on-a-string'l' : The 30nm Fibre I : Active Chromosome |

Isolated patches. Genes under active transcription. Less active genes. During interphase.

| \ | ' | | | |

Add core histones. Add histone H1. Add further scaffold proteins.




DINA STRUCTURE AND ORGANIZATION

Tertiary structure
given by the three-
dimensional spatial

organization
Sugar-phosphate "hackbone”

| Primary
-/ N'"DQ?QHSES \ structure
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Glucida (S)

Secondary
— | weak hydrogen bonds T SFructure
Structura ADN
Phosphate Sugar given by the
molecule molecule interaction

between the
bases




DNA STRUCTURE AND ORGANIZATION

X Cromozome

<«— Chromatin fiber

Solenoid

The quaternary
structure

IS given by the
interaction of DNA
with other molecules
involved in the folding
and packaging of
DNA in the nucleus.

histone overlappin
Around which is
wound a loop of
DNA (146 bp)



HISTONE INVOLVED IN DNA PACKAGING

There are basic proteins with high affinity to
DNA present in all eukaryotes.

In eukaryotes five types of histones H1, H2A,
H2B, H3, H4. With the exception of H1, other
types (especially H3, H4) have a stable structure
well conserved in evolution.

® H2A - rich in leucine

® H2B - rich in serine

® H3 - rich in arginine and cystein g - Histonic core(H2A,
H4 o . & | HZB H3, H4)
® - rich in arginine m 10 —

Nucleosom



The central dogma of molecular biology, F. Crick in 1958




Epigenetic mechanisms and gene filtering infromation

Fertilization
Morula

Active Passive De novo
demethylation demethylation methylation




Methylation Changes During Mouse Preimplantation Development

c
g '-:a QQ"Q ’ 0.‘
A (@) '0 oy
0 -t "
~~

Mil oocyte Fertilized 1-cell 2-cell 4-cell 8-cell Morula  Blastocyst
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ACATAGACATACACACTGTTGATTAGGGAGATAGTGACAGATCCATTACAGCACCATACCATGAT

GTTTTTATTACCAGGATGATCACCATTGGGTACCATTTACCAGGATTACACAG TTTTAGATGACC

Z y g ot e AGTAGCTATTAGAGGATTTTAAATTTATTTAGGATTTTATGGGATTGATARAGGGAGATTTAACA

TAGACATACACACTGTTGATTAGGGAG ATAG TGACAGATCCATTACAGCACCATACCATGATGTT

| TTTATTACCAGG ATGATCACCATTGGG TACCATTTACCAGCATTACACAGTTTTAGATGACCAGT

W AGCTATTAG AGGATTTTAAATTTATTTAGCATTTTATGC GGATTGATARAGGGAGATTTTTATTAT

oy AGGACATAGACATACACACTGTTGATTAGCGAGATAGTGACAGATCCATTACAGCACCATACCAT

GATGTTTTTATTACCAGGATGATCACCATTGGGTACCATTTACCAGGATTACACAGTTTTAGATG

ACCAGTAGCTATTAGAGGATTTTAAATTTATTTAGGATTTTATGGG ATTGATAARAGGGAGATTTA
ACATAGACATACACACTGTTGATTAGGGAGATAGTGACAGATCCATACAGCACCATACCATGAT

How is the diversity of cell types
created and maintained
in multi-cellular organisms?

ACATAGACATACACACTGTTGATTAGGGAGATAGTGACAGATCCATTACAGCACCATACCATGAT
GTTTTTATTACCAGGATGCATCACCATTGGCTACCATTTACCAGGATTACACAGTTTTAGATGACC
AGTAGCTATTAGAGGATTTTAAATTTATTTAGGATTTTATCGCGATTGATAAAGGGAGATTTAACA
TAGACATACACACTGTTGATTAGGGAGATAGTGACAGATCCATTACAGCACCATACCATGATGTT
TTTATTACCAGG ATGATCACCATTGGG TACCATTTACCAGGATTACACAGTTTTAGATGACCAGT
AGCTATTAGAGG ATTTTARATTTATTTAGGATTTTATGGCATTGATAARGGGAGATTTTTATTAT
AGGACATAGACATACACACTGTTGATTAGGG AGATAGTGACAGATCCATTACAGCACCATACCAT
GATGTTTTTATTACCAGGATGATCACCATTGGGTACCATTTACCAGGATTACACAGTTTTAGATG
ACCAGTAGCTATTAGAGGATTTTAAATTTATTTAGGCATTTTATCGCATTGATAARGGGAGATTTA
ACATAGACATACACACTGTTGATTAGGGAGATAGTGACAGATCCATTACAGCACCATACCATGAT

Alex Meissner, Henry Stewart Talks



Differentiated cells become
more restricted in their potential

L I Totipotent

Zygote "Q Gore! Gewz  Gerwd  Gored

L UL L pjyripotent
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M1 Mu |t|pote nt

Gonel  Gereld Goned  OCened

BN Unipotent

Qo Ger2 Gored  Goned

Alex Meissner, Henry Stewart Talks




DNA methylation

Pluripotent cell
ctggaggtgcaatggetgtcttgtectggectt
ggacatgggctgaaatactgggttcacccatat
ctaggactctagacgggtgggtaagcaagaact
gaggagtggccecagaaataattggcacacgaa
cattcaatggatgttttaggectecteccagaggat
ggctgagtgggetgtaaggacaggecgagaggg
tgcagtgccaacaggetttgtggtgegatgggg
catccgagcaactggtttgtgaggtgtecggtg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggeccteoctggggtceccegtectaag
ggttgtectgtecagacgtceccaacctecgte
tggaagacacaggcagatagegectegectcecagt
ttectececcaccceccacagetetgetectecacce

acccagggggcggggecagaggtcaaggetaga

gggtgggattggggagggagaggtgaaacegt
cctaggtgagecegtetttecaccaggecceegg

ctecggggtgeccaccttecccatggetggacac

Alex Meissner, Henry Stewart Talks

Unipotent cell

&

Ctggaggtgcaatggectgtettgtecetggectt
ggacatgggctgaaatactgggttcacccatat
ctaggactctagacgggtgggtaagcaagaact
gaggagtggcecceccagaaataattggecacacgaa
cattcaatggatgttttaggctcteccagaggat
ggctgagtgggctgtaaggacaggecgagaggyg
tgcagtgccaacaggetttgtggtgegatgggg
catccgagecaactggtttgtgaggtgtecggtyg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggcctecctggggtcececgtectaag
ggttgtcctgtecagacgtececccaaccteegte
tggaagacacaggcagatagecgectegectecagt
ttcteccacceccacagetetgetectecaccee
acccagggggcggggecagaggtcaaggetaga

gggtgggattggggagggagaggtgaaacegt
cctaggtgagecegtetttecaccaggeccceegg

cteggggtgeccaccttecccatggetggacac




DNA methylation

Pluripotent cell

&

ctggaggtgcaatggectgtettgtectggectt
ggacatgggctgaaatactgggttcacccatat
ctaggactctagacgggtgggtaagcaagaact
gaggagtggccccagaaataattggcacacgaa
cattcaatggatgttttaggctcteccagaggat
ggctgagtgggectgtaaggacaggcegagaggyg
tgcagtgccaacaggetttgtggtgegatgggg
catcecgagecaactggtttgtgaggtgtecggtyg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggcectcecctggggtecegtectaag
ggttgtectgtecagacgtecccaacctecgte
tggaagacacaggcagatagegcectegectecagt
ttcteccaccececcacagetetgetectecacce
acccagggggcggggcecagaggtcaaggetaga
gggtgggattggggagggagaggtgaaaccgt

cctaggtgagecegtcetttecaccaggecececegg
cteggggtgeccaccttecececatggetgaacac

Alex Meissner, Henry Stewart Talks

Unipotent cell

€

Ctggaggtgcaatggctgtcttgtectggectt
ggacatgggctgaaatactgggttcacccatat
ctaggactctagacgggtgggtaagcaagaact
gaggagtggceccecccagaaataattggecacacgaa
cattcaatggatgttttaggctcteccagaggat
ggctgagtgggetgtaaggacaggecgagaggyg
tgcagtgccaacaggetttgtggtgegatgggg
catcecgagcaactggtttgtgaggtgtecgagtyg
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggcctectggggtecegtectaag
ggttgtcectgtecagacgtecceccaaccteegte
tggaagacacaggcagatagcgetegectecagt
ttcteccacececcacagetetgetectecacece
acccagggggcggggecagaggtcaaggetaga
gggtgggattggggagggagaggtgaaaccgt

cctaggtgageegtcecttteccaccaggeccecgg
cteggggtgeccaccttececcatggetggacac




DNA methylation

Cytaene C

. Pluripotent cell

X @

ctggaggtgcaatggectgtettgtectggectt
ggacatgggctgaaatactgggttcaccecatat
ctaggactctaga.‘ggtgggtaagcaagaact
gaggagtggccccagaaataattggcacd..aa
cattcaatggatgttttaggetecteccagaggat
ggctgagtgggetgtaaggacagg agaggg
tgcagtgccaacaggctttgtggtgq'ptgggg
catdilagcaactggtttgtgaggtgtcliigty
acccaaggcaggggtgagaggaccttgaaggtt
gaaaatgaaggectcctggggtcciitcctaag
ggttgtectgtecagaift ccccaacctaliitc
tggaagacacaggcagatag@get@ifect cagt
ttetecccaccececcacagetetgetectecaccee
acccaggggg‘.gggccagaggtcaaggctaga
gggtgggattggggagggagaggtgaaa

cctaggtgagd"tctttccaccaggcccd“g
ct@igggtgcccacctteeceatagotggacac

Alex Meissner, Henry Stewart Talks

Methyl-Cytosine S5mC

Unipotent cell ¥ g
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Ctggaggtgcaatggctgtecttgtectggectt
ggacatgggctgaaatactgggttcacccatat
ctaggactctaga'.ggtgggtaagcaagaact

gaggagtggccccagaaataattggcacd'.pa
cattcaatggatgttttaggctetecagaggat

ggctgagtgggetgtaaggacagg gaggg

tgcagtgccaacaggetttgtggt giifataggg
catdififagcaactggt ttgtgaggtgtdjiiata
acccaaggcaggggtgagaggaccttgaaggtt
cctaag

gaaaatgaaggcctcctggggtcd"t
ggttgtectgtecagait
tggaagacacaggcagata
ttctecccaceccccacagetetgetectecacee
acccaggggg"gggccagaggtcaaggctaga
gggtgggattggggagggagaggtgaaa
cctaggtgag ctttecaccaggece
ctifgggtgcccaccttecccatggetggacac




DNA METHYLATION
methylation

Addition of CH3 groups
at C5 of cytosine
within CpG islands so
called

DNA methylation —



CP6 ISLANDS

436K Infinium Methdlation Frobe Locations ol hiola

coozessaz+ cozs41c0c7 I coiessacse
coeTiald4l coatss20as N
con4s5ec7c I
consSesal7
cozss2a71S I

Ferfect Matches to Short Sequence (CG)

CpG islands I LR o T S NN Il TR
Tour- Eeguence from Blat Search
?nurs?ﬁb
UC3C Genes |(RefBed,| UniFrot, CC0OE, Efam, tEHAs & Comparative Genomicsh

2P T
\ N RefSeq Genes

=y ]
slands <« 388 Bases are Light Greens

attcgccgegegegc

Transcription Factor Binding Sites

CpG islands

inSilico Assay Prediction

T(+)1bp

R R R R I BT ST o RUR

C{+)1bp

B a2 L L B e

380 bp

R

380 bp




X CHROMOSOME INACTIVATION

Peter Jeppesen

Barbara Migeon, Henry Stewart Talks



CpG island methylation: a stable and detectable
signal in cancer

Carcinoma

Normal D . Carcinoma
. . splasia
Epithelia yp in situ



CpG island methylation: a stable and detectable
signhal in cancer

Carcinoma

Normal D . Carcinoma
. . splasia
Epithelia yp in situ



CpG island methylation: a stable and detectable
signhal in cancer

Carcinoma

Normal D . Carcinoma
. . splasia
Epithelia yp in situ



CpG island methylation: a stable and detectable
signhal in cancer

Carcinoma

Normal D . Carcinoma
. . splasia
Epithelia yp in situ



CHANGES IN DNA METHYLATION

@ It Is known that certain factors play an important role in
controlling DNA methylation process. They can be
divided into four categories:

®Ereditation
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CHANGES IN DNA METHYLATION

@ It Is known that certain factors play an important role in
controlling DNA methylation process. They can be
divided into four categories:

1. Ereditation
2.Environment




www.sciencemag.org SCIENCE VOL308 3 JUNE 2005

DEVELOPMENTAL BIOLOGY

Endocrine Disrupters Trigger Fertility
Problems in Multiple Generations

Biologists are stumped by the eSS
apparent mechanism of the chemicals; they g
may alter how genes are expressed in subsc- 28

quent generations, but without mutating [
DNA.

Unfertile ground. The fungicide vinclozolin, which is sprayed on vineyards
like these, can cause fertility problems in male offspring of exposed rats.



CHANGES IN DNA METHYLATION

@It Is known that certain factors play an important role in
controlling DNA methylation process. They can be divided
Into four categories:

1. Ereditation
2. Environment
3. Endogens factors




CHANGES IN DNA METHYLATION

@It i1s known that certain factors play an important role in
controlling DNA methylation process. They can be divide
Into four categories:

Ereditation
Environment
Endogens factors
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Maternal nutrient supplementation counteracts
blsphenol A-induced DNA hypomethylation
|n eal‘|y development Dana C. Dolinoy*'#, Dale Huang*, and Randy L. Jirtle
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—
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The hypothesis of fetal origins of adult disease posits that early
developmental exposures involve epigenetic modifications,
- such as DNA methylation, that influence adult disease suscep-
2007 tibility. In utero or neonatal exposure to bisphenol A (BPA), a
high-production-volume chemical used in the manufacture of poly-
carbonate plastic, is associated with higher body weight, increased
breast and prostate cancer, and altered reproductive function.

evidence that epigenetic patterning during early stem cell devel-
opment is sensitive to BPA exposure. Moreover, maternal dietary
supplementation, with either methyl donors like folic acid or the
phytoestrogen genistein, negated the DNA hypomethylating ef-
fect of BPA. Thus, we present compelling evidence that early
developmental exposure to BPA can change offspring phenotype
by stably altering the epigenome, an effect that can be counter-
acted by maternal dietary supplements.



Epigenetics, meaning ‘above (epi-) genetics’, is the
study of gene expression regulation that cannot be
directly attributed to changes in the DNA seguence.

Among the 3 billion nucleotides in our genome, less
than 2% are responsible for coding proteins.

Epigenetics Is a management system that
determines how to use the DNA.




