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RNA polymerases

All living beings have RNA pols with a core of five to seven subunits.
After Eubacteria separation, the common ancestor of Archaea and Eukarya added
additional peripheral subunits. Finally, after eukaryote emergence, the Archaea-
derived nucleus started to develop specialized RNA polymerases. Specialized RNA
pols I and III integrated some transcription factors as permanent subunits which, in
RNA pol II, remain independent (TFIIS, TFIIF, TFIIE).
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RNA polymerases

RNA Polymerase 1 RNA polymerase ||

RNAP2-PIC

Mediator complex
MED26

C

RNA polymerase |l ¥

N

18P BRF1

47S pre-rRNA mRNAs, INnRNAs, shRNAs
Types of RNAs transcribed from active regulatory elements
Estimated Processing
Type Acronyms  number Half-life  features
re-messenger minutes EE[ge
P 9 bre-mRNA 19,954 spliced
RNA to hours .
polyA tail
long non-coding  IncRNA 30.000 minutes Zaﬁzgg
RNA lincRNA ’ to hours ~ SP'e¢
polyA tail
enhancer 40,000- .
RNA eRNA 65,000 minutes  capped
promoter uaRNA  Gene and
-associated paRNA IncRNA minutes  capped
RNA PROMPT promoters

RNAP3-PIC

TFHIB
20PY

RNAP3  TFIl

tRNAs, 5S rBNA, U6 snRNA

* RNA Pols I and III
make up over 80% of the
transcriptional activity in
a growing cell.




Eukaryotic Transcriptional Regulation

1. Level of Chromatin (DNA accessibility)
*  DNA methylation

«  Histone modifications

* Histone remodeling

*  Nucleosome composition

2. Level of DNA (Interaction with basal transcription machinery)

* Regulatory sequences (enhancers, silencers)
* Transcription factors (activators, repressors)

3. Level of Regulatory RNA (Interaction with DNA, RNA or protein)

* Small and long non-coding RNAs



Eukaryotic Transcriptional
Regulation
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Chromatin-structure - reminder

Chromonema fiber

__ Linker histones
‘)/\ X R
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Long range
fiber-fiber
interactions

G1 chromatid

Beads-on-a-string

10 nm fiber

Nucleosome

Core histone
__—tail domain

Several levels of condensation

* 10 nm extended fiber with nucleosomes like beads-on-a-string (7x
compaction)

30 nm condensed fiber (40-50x compaction)
* And higher



Chromatin compaction influences activity
of DNA in transcription

Chromatin imposes a major limitation to transcription by three eukaryotic RNA

pols preventing their direct targeting to gene promoters, which probably explains
why all nuclear RNA pols are first engaged in pre-initiation complexes before

starting transcription.

RNA polymerase and factors
cannot get access to DNA *

Histone octamers cannot
get access to DNA

wm



Chromatin compaction influences activity
of DNA in transcription
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Miescher, Flemming, Kossel and Heitz defined nucleic acids, chromatin and histone
proteins, which led to the cytological distinction between euchromatin and
heterochromatin ( from 1869 to 1928).



Epigenetic control

1942, Waddington coined the term 'epigenetics’, which he
defined as changes in phenotype without changes in
genotype, to explain aspects of development for which there
was little mechanistic understanding.

2016, epigenetic mechanisms transduce the inheritance of
gene expression patterns without altering the underlying
DNA sequence but by adapting chromatin, which is the
physiological form of our genetic information.




Timeline of major discoveries and advances in
epigenetic research

DNA hypomethylation
in tumors described?s. High resolution profiling
of histone methylation?®.
Environmental influences DNA methylation
suggested to have described as Heritability included in
transgenerational epigenetic the definition of
effects®. mechanism’. epigenetics4.

\ [

1999 2001

1983

2005 2007
i

L

The term DNA methylation connected

H3K4me1 is found

epigenetics is used to X chromosome associated with
for the first time?. inactivation?®. promoters?8,
Histone modifications described as Epigenetic inheritance can

epigenetic mechanism?4. be shown in mice?’.




Timeline of major discoveries and advances in epigenetic research

(August 2005 to August 2007) Descriptions for genome-wide profiling
of chromatin signatures and their association with regulatory
elements in a variety of cell types'***’. These studies represent some
of the first examples for the mapping of epigenomes'**!*!

(February 2006) Discovery of a second group of

KDMs that contain catalytic modules known as
Jumonji domains'?. Jumonji-domain-containing
KDMs can also erase histone trimethyl marks'?*1%¢ |

(April to May 2006) Two studies document the existence of
developmentally ‘poised’ genes in embryonic stem cells that are
marked by both activating and repressive histone modifications'**'%°,
The simultaneous presence of H3K4me3 and H3K27me3 at regulatory
regions in embryonic stem cells has been referred to as ‘bivalent
chromatin’ (REF. 138) and was biochemically resolved later'*

(2006) The first wave of epigenetic drugs (decitabine
and vorinostat) are approved by the FDA and become |
available for epigenetic therapy in human cancers

| (August 2006) Reprogramming of

somatic cells to iPS cells by a defined

May 2009 to A t 2010) Identification of 5hmC!?1?% and
(May A j centification oronm o set of transcription factors is realized*?

description of a new family of enzymes known as TET1-3 that
convert 5mC to ShmC'?13% These discoveries demonstrated
that DNA methylation can also be enzymatically erased

(October 2009) The role of the Polycomb protein EED in

the propagation of repressive H3K27me3 marks is
described'*®and later the structure of PRC2 is resolved'?’

(April 2010) CpG islands provide affinity for
CFP1, which recruits activating (H3K4me)
KMT and prevents DNA methylation®%

(December 2010) Development of a new class of
small-molecule inhibitors that block members of the
BET family from binding to acetylated histones!®!"!

(January 2012) First reports of cancer-associated mutations |
in histone genes: that is, ‘oncohistones’ (REFS 212,213)

(February 2015) The NIH Roadmap Epigenomics Consortium
publishes 111 human reference epigenomes***

(April 2015) H3K9 methylation is found to be
inherited for many mitotic and meiotic cell
generations in Schizosaccharomyces pombe'®*'%

Nature Reviews | Genetics



Key examples of chromatin contribution to
epigenome function
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Molecular Mechanisms that regulate transcription

The two main components
of the epigenetic code

DMA methylation

Methyl marks added to certain
DMA bases repress gene activity,

* DNA methylation

 Histone modifications

Histone moedification

A combination of different
molecules can attach to the ‘tails’
of proteins called histones, These
alter the activity of the DNA
wrapped around them.

Chromosome




DNA methylation



DNA modifycation

DNA methylation recruited specific proteins that modulates transcription.
Moreover, specific proteins (Erasers or Editor) can recognize this modification

Writing Editing Reading

DNA modifications

Eraser e ader
SAM
\
% (Modulation of transcriptionalcomplexes]
* De novo methylation of cytosine to 5mC: * Cytosine demethylation through * Reading of 5mC by proteins
DNMT3A, DNMT3B and DNMT3L oxidation of 5mC to 5hmC: with methyl-binding domains
* Maintenance methylation of cytosine TET1, TET2 and TET3 (MBDs): MECP2

to 5mC: DNMT1

It is a frequent modification in plants (~14%) and mammals (~8%) , very rare in
flies (~0.03%), not present in yeast and nematodes.



DNA methylation

* The predominant epigenetic modification of DNA in
mammalian genomes is methylation of cytosine
nucleotides (5-MeC).

* The primary target sequence for DNA methylation in
mammals is 5'- CpG-3' dinucleotides.

NH,
NH,
~N
N
|
P

Cytidine 5-methyl cytidine
C 5mC



Roles of DNA methylation

Cytosine DNA methylation is a stable epigenetic mark that is

crucial for diverse biological processes Vet
yl group

H\C¢E§C/NH2 v H\C¢QS\C/NH2
i ¢l ~—x i
. . . . H Dnmt H
 Transcriptional silencing I |
Cytosine 5-Methylcytosine

* Protecting the genome from transposition
* Genomic imprinting
* Xinactivation

 Tissue specific gene expression



Roles of DNA methylation

Methyl group

pc

s
H\c?c“\\c/ o

Sites of methylation:

e Inactive X a s H/N'\"ﬁ"”
0 0
Cytosine 5-Methylcytosine

e Imprinted loci

e Transposon-derived sequences

e CpG islands



CpG Methyltransferases

DNMT1 -Maintenance methylation

* Looks for hemimethylated CpG and maintains methylation
pattern following replication

DNMT3 - De novo methylation

®
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The DNMT family of enzymes

Family
member Function and effect on hematopoiesis with deletion
catalytic domain Maintenance DNA methyltransferase. Germline deletion
DNMT1  embryonic lethal. Conditional deletion with Mx-Cre results in

decreased HSC self-renewal and increased cycling of HSC's.

De novo DNA methyltransferase. Germline deletion
results in death by 4 weeks. Conditional deletion with Mx-Cre

DNMT3A has minimal effects in primary mice or primarily transplanted

mice. With serial transplantation however there is a huge
increase in HSC's yet defect of differentiation .

De novo DNA methyltransferase. Germline deletion embryonic
lethal. Conditional deletion with Mx-Cre has minimal effects

DNMT3B but Dnmt3a/Dnmt3b double knockout mice appear to have

more pronounced effect on HSC's with some conflict in
current reports.

{0 O - ST
[ TT TIImmam
(LT DT I

(W

Catalytically inactive but stimulates enzymatic activity of

DNMT3L DNTM3A. Germline knockout mice are viable but sterile.

Hematopoietic phenotype of Dnmt3L knockout mice not
reported.

D Leucine zipper I:I PWWP domains

[ Zinc finger Bl PHD-like domains

D Polybromo domain

Although Dnmt3a is expressed relatively
ubiquitously, Dnmt3b is poorly expressed by the

majority of differentiated tissues with the exception

of the thyroid, testes, and bone marrow.

Dnmt3L is mainly expressed in early development

and is restricted to the germ cells and thymus in
adulthood




Maintenance of DNA Methylation in Mammals

Dnmt1, which is highly expressed in mammalian tissues including the brain.
Dnmt1 preferentially methylates hemimethylated DNA.

During DNA replication, Dnmtl
localizes to the replication fork where
newly synthesized hemimethylated
DNA is formed. Dnmtl binds to the
newly  synthesized DNA and
methylates it to precisely mimic the
original methylation pattern present
before DNA replication.

Additionally, Dnmt1 also has the
ability to repair DNA methylation.

For this reason, Dnmt1 is called the
maintenance Dnmt because it
maintains the original pattern of
DNA methylation in a cell lineage.

a

5 TTGACAGCCGT Dnmt3a

3’ Dnmt3b

3 &’
AACTGTCGGCA

b

A

51

)

TTGACAGCCGT 3

3’ o'
AACTGTCGGCA



De Novo DNA Methylation in Mammals

In mammals, DNA methylation patterns are established by the DNA
methyltransferase 3 (DNMT3) family of de novo methyltransferases and
maintained by the maintenance methyltransferase DNMT1. DNMT3L
interacts with unmethylated H3K4 and recruits DNMT3A resulting in the
formation of a tetrameric complex.

In addition to interactions with unmethylated H3K4 tails, other mechanisms
for targeting DNA methylation to specific loci are interactions of DNMT3
with the histone methyltransferases G9a (H3K9me), Ezh2 (PRC2 component,
H3K27me), suppressor of variegation 3-9 homologue 1 (SUV39H1) and SET
domain bifurcated 1 (SETDB1) and recruitment by IncRNAs.
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The DNMT3C methyltransferase
protects male germ cells from transposon
activity

Dnmt3C is a de novo DNA methyltransferase gene that evolved via a duplication
of Dnmt3B in rodent genomes and was previously annotated as a pseudogene.
DNMT3C is the enzyme responsible for methylating the promoters of
evolutionarily young retrotransposons in the male germ line and this specialized
activity is required for mouse fertility.

hr. 2 S — — — I IVVIVIIXX 5%
. > an Aarral ¢ DNMT3B
ﬁ Rat :., Commd Dnmi3B Vapri { l l l l D 97 KDa
) : g Dnmt38 Dnmt3C ! ]m
F Comma7. Dnmt38 Dnmt3C ﬁ

Barau et al., 2016 Nature



Removing the 5-methylcytosine (5mC)

There is no known mechanism in mammalian
cells that can cleave the strong covalent carbon-
to-carbon bond that connects cytosine to a
methyl group

Active demethylation of 5mC to cytosine is
mediated through a series of oxidative steps
mediated by the ten-eleven-translocation (TET)
enzymes, which require oxygen, iron and a-
ketoglutarate.

5mC is converted to 5-hydroxymethylcytosine
(5-hmC), 5-formylcytosine (5-fC) and 5-
carboxylcytosine (5-caC), which is then either
decarboxylated to cytosine or recognized by
thymine DNA glycosylase as part of the
mismatch repair system (BER).

NH2 NH2 NH2

cua\/K CH20H CH=0
X

N TETs TETs

WS SR

5-methylcytosine 5-hydroxymethylcytosine 5-formylcytosine

Core catalytic domain

TET1 a {_[_[_!_L__U}
oax —@  TET2 a I 1
TeTs @} T I . =
. e
methylation sensing vt

l CXXC CD Cys-rich CD DSBH * Fe(ll)-interacting HxD motif
(:D Low complexity insert

NH2 NH2
COOH A Decarboxylation /\
TETs R N DNA repair X
L
1/\ 0

S-carboxycytosine + CO2 Cytosine



Methylation patterns are reproduced at each round of
cell division

DNMT3A and DNMT3B are de novo methyltransterases that mark unmethylated
DNA, whereas DNMT1 maintains DNA methylation after DNA replication, 5-
methylcytosine (5-mC) is oxidized to 5-hydroxymethylcytosine (5-hmC) by
enzymes of the TET family (TET1, TET2 and TET3); 5-hmC is not recognized by
DNMT1, which results in loss of DNA methylation during replication.

a N
DG
¢5-mC N
95-hmC EM_ ava
Jg}\/:Replication Replication J'\,X
< 7 7

DNA hydroxy- </

methylation (TETD) '\;Yt
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methylatlon
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methylatnon
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IDH1 and IDH2 mutations lead to epigenetic
alteration in cancer

IDH1 and IDH?2 are the most frequently mutated metabolic genes in human cancer, resulting in
neomorphic enzymes that convert a-ketoglutarate (a-KG) to 2-hydroxyglutarate (2-HG). 2-HG
acts as an antagonist of a-KG to competitively inhibit the activity of a-KG-dependent
dioxygenases, including those involved in histone and DNA demethylation.

Isocitrate |D|'i|r': h?gi?o:'BHz

Normal

HO _~OH TCA OH o) Mutant HO O o) 0
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NADPH + FADH2 o-KG
H'+ €O, / m m O OH HO OH HO OH
0 m D-2-HG OH FAD @ m FAD OH OH 0

HO ~ _-OH ;
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TET HO
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|
(om | 5mC 5hmC Cytosine
) } |
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MM —~ Acute myeloid leukemia

Trends in Cancer



CpG Island

* Definition
v' Small stretches of about 300-3000bp
v’ >50% GC content, regulatory regions

e Genomic distribution i

v ~70% of promoter regions contain CpG rateac
islands ATGE: ¢
v Only 1% of remaining genome
contains CpG islands Aterations
v' Frequently methylated in tumor cells l
« Methylation status 2 N O e
v Generally non-methylated in promoter ' V" /\
of housekeeping and tumor suppessor
genes 2900 eo00eee o0 O 900 eeeRere 00 O
v Typically methylated in transposable ="
elements

v Methylated in gene bodies influencing
transcription and splicing



Carcinogenesis alters the methylation profile of
CpG sites

CpG island

? 19907y P gl ¢ gt 2et

repeat element
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Develppment of inhibitors * *
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( Gene silencing ) Promoters, CActivation of germ line gen@ Promoters,
Enhancers Enhancers
CSiIencing of alternative promote@ | Qctivation of alternative promoters)
Gene bodies
Gncreased transcriptional noisa
Silencing of tumor
Citotoxic effect due g @educed genomic stabilit)a Whole genome
suppressors
tO Off ta rget effe Ct @ctivation of repeat eIements)

Oncogene
activation



Dynamics of DNA methylation during development

Shortly after a sperm fertilizes an egg, the paternal genome rapidly undergoes genome-
wide active DNA demethylation by the TET3 enzyme and remains demethylated
following multiple rounds of cell division. During this time, the maternal genome
experiences gradual, passive demethylation due to DNMT1 exclusion from the nucleus,
hence the sharper demethylation slope for the paternal curve. De novo methylation
patterns are established by the DNA methyltransferases DNMT3A and DNMT3B during
the development of the blastocyst.
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Fertilization  Zygote 2 cell 4 cell 8 cell Morula Blastocyst
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r]j Developmental stage

Nature Reviews | Molecular Cell Biology



Methylated CpG Islands Inhibit Transcription

T MBI MBD >~ MBI MBD

Unmethylated CpG i1sland B
e
s

« Active promoters are usually unmethylated

* Methylated DNA recruits methyl-CpG-binding domain proteins
(MBD or MECP) which may inhibit transcription by several
mechanisms

* Unmethylated CpG islands recruit Cfp1 which associates with a
histone methyltransferase creating H3K4me3 (transcriptional
activation)




Readers of DNA Methylation

Whereas DNA methylation may itself reduce gene expression by impairing the binding
of transcriptional activators, a second class of proteins with a high affinity for 5mC
inhibits transcription factor binding.

DNA methylation is recognized by three separate families of proteins:

1- the MBD proteins that contain a conserved methyl-CpG-binding domain (MBD)
confering them a higher affinity for single methylated CpG sites. This family includes
MeCP2, the first identified methyl-binding protein, along with MBD1-4. MBDs are more
highly expressed in the brain than in any other tissue, and many MBDs are important
for normal neuronal development and function

2- The UHRF (ubiquitin-like, containing PHD and RING finger domain) proteins,
including UHRF1 and UHRF2, are multidomain proteins that bind to methylated
cytosines. The UHRF protein family first binds to Dnmtl and then targets it to
hemimethylated DNA in order to maintain DNA methylation, especially during DNA
replication

3- the zinc-finger proteins: Kaiso (binds to consecutive methylated CpG sites), ZBTB4
and ZBTB38 (bind to single methylated CpG site). Similar to the MBD family, repress
transcription in a DNA methylation-dependent manner.



Mechanisms for Repression Mediated by MBDs

Model 1 - MBD proteins interact with HDAC to generate
hypoacetylated, condensed chromatin

@
F L, YYY

Model 2 - MBD proteins coat methylated loci occluding
regulatory DNA

Model 3 - MBD proteins alter local DNA and or chromatin
architecture

l.’ _/.',.\_.\_,.

Model 4 -an MBD protein sequesters an essential transcription
factor, preventing its function
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nature genetics ® volume 23 ¢ october 1999

Rett syndrome is caused by mutations in X-linked
MECP2, encoding methyl-CpG-binding protein 2

Ruthie E. Amir!, Ignatia B. Van den Veyver?>?, Mimi Wan>, Charles Q. Tran?, Uta Francke>®
& Huda Y. Zoghbil»>*

Rett syndromel (RTT) is a progressive neurodevelopmental disorder and one of the most common causes of
mental retardation in females, with an incidence of 1 in 10,000—15,000. Patients with classic RTT appear to
develop normally until 6-18 months of age, then gradually lose speech and purposeful hand use, and develop
micro- cephaly, seizures, autism, ataxia, intermittent hyperventilation and stereotypic hand movements. After
initial regression, the condition stabilizes and patients usually survive into adulthood. As RTT occurs almost
exclusively in females, it has been proposed that RTT is caused by an X-linked dominant mutation with
lethality in hemizygous males. Previous exclusion mapping studies using RTT families mapped the locus to
Xg28. Using a systematic gene screening approach, we have identified mutations in the gene (MECP2)
encoding X- linked methyl-CpG-binding protein 2 (MeCP2) as the cause of some cases of RTT. MeCP2
selectively binds CpG dinucleotides in the mammalian genome and mediates transcriptional repression
through interaction with histone deacetylase and the corepressor SIN3A . In 5 of 21 sporadic patients, we
found 3 de novo missense mutations in the region encoding the highly conserved methyl-binding domain
(MBD) as well as a de novo frameshift and a de novo nonsense mutation, both of which disrupt the
transcription repression domain (TRD). In two affected half-sisters of a RTT family, we found segregation of
an additional missense mutation not detected in their obligate carrier mother. This suggests that the mother is
a germline mosaic for this mutation. Our study reports the first disease-causing mutations in RTT and points
to abnormal epigenetic regulation as the mechanism underlying the pathogenesis of RTT.



MeCP2 and Rett syndrome

Rett syndrome is a neurodevelopmental disorder linked to the X chromosome:

 Autistic traits
* Loss of acquired language
* Loss of motor skills

95% of Rett patients carries mutations on MECP2 gene

pre-genomic era:
MeCP2 represses specific genes in the
brain

post-genomic era:

-60% MeCP2 binding sites fall outside the
genes and only 6% in the CpG islands in
the promoters.

-The modulation of gene expression
mediated by MeCP2 is repressive for 377
genes while is activating for 2184.

Mode of action of MeCP2

MeCP2 in Transcriptional Repression

SMRT
NCoR




Changes in DNA methylation

Loss of DNA methylation occurs primarily in constitutive-heterochromatin repeat
regions in ageing, while hypermethylation primarily occurs at promoter CpG in cancer.
Ageing is accompanied by selective loss and reorganization of heterochromatin and
upregulation of transcripts from repeat elements, in particular retrotransposable
elements, the genomic transposition of which is associated with the formation of DNA
double-strand breaks and can negatively impact genome stability and cause disease.
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Clonal hematopoiesis of indeterminate potential

(CHIP)

Clonal hematopoiesis of indeterminate potential (CHIP) is a common age-related
phenomenon in which hematopoietic stem cells (HSCs) acquire leukemogenic
mutations resulting in the selection and expansion of a genetically distinct
subpopulation of blood cells. Mutations in DNMT3A and TET2 are two of the most

frequent genes found in CHIP.

During  hematopoiesis, HSCs
normally acquire DNAm patterns
consistent with terminal cell
lineage, but knockout
of Dnmt3a in mice prevents HSCs
from establishing new DNAm
patterns, leading to a self-renewal
pattern. Despite its opposing
regulatory role in demethylation,
knockdown of Tet2 led to a similar
pattern of increased HSC self-
renewal, and global loss of
hydroxymethylation in HSCs

Hematopoiesis

HSC

HSC, unaffected

/
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Malignant Transformation

Clonal hematopoiesis

HSC
A Time, Aging

Somatic mutation in
HSC

hY

HSC Renewal
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<,

Differentiation

NC

CHIP

Myeloid bias
Cytokine Release

Inflammation
ammatio Syndrome

Increase Cytokines,
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Clonal hematopoiesis of indeterminate potential

Selective pressures such as
age, chemotherapy and
environmental insults lead
to the expansion of these
mutant clones that may
progress  to  myeloid
malignancies. The
subsequent acquisition of
additional mutations in
genes such as FLT3 and
NPM1 can result in the

transformation into
overtacute myeloid
leukemia (AML).

(CHIP)

cell with CHIP
mutation

Blood stem cells cell with non-CHIP clonal expansion of cells
mutation with CHIP mutations

Bone Marrow CAge

Created in https://BioRender.com

Hematopoietic Stem Cell DNMT3A TET2 IDH1/2 ‘ Progressive Mutation
CHIP Hematological
f Malignancy

rQ AML 20-60%

----------------- ’. MDS 10%

7 AML 10%
;&"1_ MDS 10-30%
....................... N MPN 10-20%

2 \Y CMML 40-50%

‘. AML ~ 2-10%

MDS ~ 2-10%

In addition, IDH mutations are also associated with
CHIP in older populations.



Studying DNA Methylation

1. Methylation-sensitive restriction enzymes combined with
Southern blots or PCR

* Requires complete digestion of methylated DNA to avoid false
positives and lacks sensitivity

2. Methylation specific immunoprecipitation

3. Bisulfite modification (is the most widely used technique for
studying DNA methylation )

* (’s are converted to U’s
* Methylated C’s are NOT converted

HSO H,0 o
HN)j )j\ \y HN/ﬂj I11lstandard molecular biology
)\ \ SO% O)\N | techniques such as PCR and
T hsor | cloning erase information about
Step 1 St

- we - Step 3 the position of methylated
Sulfonation [C-8051 Deamination [U-S0:] [U]

Desulfonati H :
pH 5 bH 5 pljsjlg“a on cytosines in DNA.

[C]




Studying DNA Methylation

Short Reads Sequencing (SRS) methods for detecting DNA methylation include
bisulfite conversion, affinity enrichment and enzymatic cleavage. In bisulfite
conversion, unmethylated cytosines are converted to uracil, while methylated
cytosines remain unchanged, allowing their differentiation during sequencing.
Affinity enrichment using methyl-binding proteins attached to beads then
selectively isolates methylated DNA regions. Subsequent enzymatic cleavage with
restriction enzymes (for example, Hhal) that cut at specific unmethylated sites
leaves methylated regions intact.

) Open chromatm region )
eee OCGC____ GCGC f ? ? ?
CGCG CGCG i}é éé
Unmethylated region

Methylated region

Bisulfite conversion Affinity enrichment Enzymatic cleavage

Hhal

Affinity beads @
-GCGC- —» -GUGU-

Blsulflte

e ol A 0 . o3 L

OAGCG TGTG
l

I
SRS



[
IN
W

NH2 NH, o
H H
| Hso3 HTNJA\Z—H HO  H H
H $ H
)\ O}\N/Tsoa A o)\T SO HSO3 o/l\
. . !
i Cytosin- Uracil- .
Cytosin sulphonat sulphonat i
Allele 1 (metilato) Allele 2 (non metilato)
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bisulfite treatment
Alkylation
denaturation
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PCR and fragment sequencing to identify
polymorphisms generated by bisulfite treatment.



Methylation Sequencing Steps
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Methylated C remain C while the
unmethylated C are converted in
U (this will be read as T by the
sequencing machine)



Methylation Sequencing Steps

DNA Extraction

Data Analysis
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Methylation Sequencing Steps
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Sequences will be aligned on reference genome. C-T
substitution means that the C was not methylated,
conversely all the other kept Cs were originally
methylated

Treated DNA GAUATGECEA...GATETETEACG...
Reference Genome -GAUATGECGA...GACGETECEACG...

Data Analysis
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cytosine into uracil)
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