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* ONUreHeTn4YecKkne MeTKN — MUTOTUYECKN Hacregyemble
N3MEHEHUNSA B IKCMPECCUN reHOB, He CBA3aHble C UBMEHEHUNEM
HYKINeoTUOHOM nocnenoBaTenbHOCTM.

Mouse embryo

Single cell fertilised egg Hundreds of cell types

1 cell type

How does the same genetic information in
every cell lead to so many different cell
types, with each of their specialist functions?



XPpOMaTuH

octamer of core histones:
H2A, H2B, H3, H4 (each one x2)

core DNA

histone H1 linker DNA



DNA packaging into chromatin: double helix to metaphase
chromosome

DNA The Nucleosome “Heads-ona-String”™ The 30nm Fibre Interphase Chromosome The Metaphase Chromosoma

Isolated patches Genes under active transcription, Lass active genes, During interphase. During cell division,
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Specific epigenetic modifications

DNA methylation
Methylation of 5’ group of cytosines within CpG dinucleotides

Post-translational histone modifications

Methylation, ubiquitination, phosphorylation, sumoylation, acetylation of residues in the
N-terminal tails of histones

Chromatin remodelling
ATP dependent chromatin remodelling complexes shift nucleosomes

Histone variants
Histones with varying stabilities or specialist domains that alter the function of the nucleosome

Noncoding RNAs
piRNAs and other siRNAs that can direct epigenetic machinery

Long noncoding RNAs — may direct epigenetic enzymes to sites in the genome



DNA methylation

Almost exclusively occurs at CpG dinucleotides in mammals
— Symmetrical, so able to be maintained through cell division

NH2 NH2
N/&O N/&O
H H

Cytosine 5- methyl cytosine
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How does DNA methylation lead to silencing?

« MeCpG in a CpG island is associated with the formation of a repressive
chromatin structure (1° mechanism)
-~ MeCpG can be bound by methylated CpG binding proteins e.g. MeCP1 & 2

- MeCP proteins have a DNA binding domain and transcriptional repression domain
- MeCP proteins can recruit other factors that condense the chromatin

« MCpG can prohibit transcription factor binding, and alter gene
expression (2° mechanism, probably for rare transcription factors,
when CpG-poor promoters)



X inactivation — demonstrates mitotic heritability
of DNA methylation

X inactivation is an epigenetic dosage compensation mechanism in mammals, so
that males and females have the same dose of genes on the X chromosome

Random X inactivation occurs at gastrulation in the embryo, then this epigenetic
state is mitotically inherited by all daughter cells

Inactive X chromosome shows
DNA methylation of CpG islands

Female XX Male XY



DNA methylation — where does it occur?

« CpG islands — usually unmethylated
* Intergenic regions — usually methylated

+ Repetitive elements — usually methylated

woerooy pEtEt —t

CpGisland gene intergenic repetitive
region element




MeTtunuposaHmne CpG MyTareHHo

* B reHome CG nap MeHbLUEe, YEM MOXXHO ObINo oXnaaTb
BEPOSATHOCTHO, T.K. metC nepexoant B T.
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H3C H,C ~ JLNH
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H H H

Cytosine  5-methyl Cytosine Thymine



What is the function of DNA methylation at

repetitive elements?
« Maintain genomic integrity
— silencing of repeats to prevent transposition
— mutation of the repeats (meC to T) to prevent transposition
— silencing of repeats, so avoid transcriptional interference from strong promoters
— methylation of repeats may prevent illegitimate recombination

gag protein - pol protein - reverse
structural proteins transcriptase, integrase, protease

LTR LTR

long terminal repeat
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Coats of tortoiseshell
cats have patches
of orange and black,

active X chromosome

inactive X

allele for
orange color

Barr bodies

cell division

inactive X

2

allele for

black color M

active X chromosome

Females have two One X chromosome is inactivated in
X chromosomes. each cell. Which one is by chance.
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bucynbquUTHOE CEKBEHNPOBAHNE —
onpegeneHne MeTunnmpoBaHHbIX CpG

Allele 1 (methylated) Allele 2 (unmethylated)
m
---ACTCCACGG---TCCATCGCT--~- ---ACTCCACGG---TCCATCGCT-~--
--=TGAGGTGCC-~~AGGTAGCGA~~-~ ---TGAGGTGCC---AGGTAGCGA---

Bisulfite treament
Alkylation
Spontaneous denaturation

\
~=~AUTUUAUGG-=-TUUATCGUT--~- ~-=AUTUUAUGG-=-TUUATUGUT--~-

--=-TGAGGTGUU---AGGTAGCGA--- ---TGAGGTGUU---AGGTAGUGA---

\/

Non-methylation-specific PCR
Methylation-specific PCR

:

Differentiation of bisulfite-generated polymorphisms
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Histone modification Which residues? _

Methylation (me, mono, di or Lysines (K) and Transcription, Repair (K)

tri me) Arginines (R)

Acetylation (ac) K Transcription, Repair, Replication,

Condensation

Ubiquitination (ub) K Transcription

Sumoylation (su) K Transcrip‘tion

ADP-ribosylation Glutamate (E) Transcription

Phosphorylation (Ph) Serine (S) and Transcription, Repair, Condensation
Threonine (T)

Citrullination (Cit) R converts to Cit Transcription



AUeTnnnpoBaHue r’MCTOHOB

» JyxpomMaTnHM3aLnS

* PekpyTUpoOBaHME KOMMIIEKCOB PEMOAENTNHIA Yepes
bpoMOJOMEHbI

e HE anureHe {, INTOTUYECKU
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Lysine Acetyl-lysine



MeTunmnpoBaHne rMCTOHOB

* MOXeT Kak akTUBMPOBAaTb Tak U UHIMONpPOBaTb TPAHCKPUMLIUIO
* He meHgAeT 3apsa

H2A H2A H2A
H28 H2B H28
H4 H4 H4
H3 H3 H3

H3K4me - Active locus H3K9me - Inactive locus H3K27me - Inactive locus
Around the promoter Spread over the gene Spread over the gene
Constitutive heterochromatin Facultative heterochromatin



Protein domains that
bind Me, Ac or P at
specific residues




* H3K9me pekpyTtupyet DNMT, HDAC (Histone DeAcetylase), HP1
(pekpyTnpyeT HMT, Histone Methyl Transferase, gnga
pacnpocTpaHeHUa MeTKHN).

& H3K9me3 ' HP1 KMT
@ DNA methylation @) onmT

¥ H3K9ac @ HoAC



Komnnekckl pemogennuHra — ATO-
3aBUCUMOE NepeaBuMKeHne HYKIeoCcoMm

Three main types of multi-protein complex, each with specific binding
domains and ATPases

— SWI-SNF (SWitch/Sucrose Non Fermentable)

-~ ISWI (Imitation SWI) ‘.

— CHD (Chromo domain and Helicase-like Domain)




BapunaHTbl TMCTOHOB

* [nctoHbl H2A, H3 n H1 O6bIBalOT B BUAE HECKONbKUX BapUaHTOB.
* CENP-A (centromere specific histone)

* H2A.X — penapauua (gon. cant gocd., nocne penapauunm
oTLlennaeTca gocdarason)

* macroH2A — HeakTBHaaA X XpoMocomMa

@ CENP-A () H2A
@ H4 O H2B




Hekogupyouwme PHK

Differential expression
during embryogenesis

Non-coding RNAs

/ Regulatory

House-keeping Pre-transcriptional

/ \ Post-transcriptional . .
_ ) silencing
J \ sﬂencmg ¥ L

rRNA tRNA snRNA ShoRNA DiRNA mll! IncRNA
siRNA



PHK-nHTEepdepeHUUns - siRNA
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a Non-coding TU with intronic miRNA
miR-15a-16-1

________

|
I
DLEU2 |
|
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b Non-coding TU with exonic miRNA miR-155

1
|
i
BIC i
—

¢ Coding TU with intronic miRNA

miR-25-93-106b

d Coding TU with exonic miRNA iR

CACNGS

#




Piwi RNA

PiRNA ctumynupyrot
MeTunmMpoBaHue NOBTOPOB

IS, piRNA Biogenisis
v Z
Nucleus )}))})}};
piRNA cluster

Target Repetitive Elements

Nuclease Activity

piRNA

Primary piRNA LI

piRNA

Target \ Slicer

mRNA leNA Actlvnty
piRNA 'IIIIIIIIIIIIIII

MILI

“Primary Pathway”

“Ping Pong Cycle”

Cytoplasm




miRNA

miRNA/piRNA

Zygotic
genome
activation

(ZGA)




MiRNAs are integrated in the regulatory
networks
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mir-1002
mir-968
mir-987

Transcription factor

9€HRNA

Regulatory network in Drosopila

cells

Regulatory network in human

cells

Parget
gene
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IncRNA — ANMHHbIE HEKOOMpPYIOLWMeE

DNA
» Mpowwunm cnnancuHr, kKanuposaHme n B oty roqulacioc Hanseription
MOn Maﬂ'e HUNA pOBa HUue * Transcriptional interference

IncRNAs

«>200b
» OBecneumnsaloT cneumcmurocts /MMM

KOMIMJ1EKCOB peMOOEJINHIa

ncRNA

oo

miRNAs
and IncRNAs

* Splicin
* Kak in cis Tak M in trans Translation ;;nggiabmty
» MoryT o6ecneumBaTb |, SSRGS
TPAHCKPUMNLNOHHYIO _ Frotein
NHTEPdEPEHLINIO | u»
* MoryT pabotaTtb Kak Guide nnu %?
Scaffold

Nature Reviews | Drug Discovery



GUIDE

HISTONE METHYLATION - H3K27me



« Cneumdmn4HOCTb MO nocrneaoBaTeribHOCTU HeobsA3aTenbHa.

SCAFFOLD

Y
D ,A:

o

: HISTONE METHYLATION - H3K27me
H3K4 (unmethylated)



XIST — X-Inactivation Specific Transcript

« JKCNpeccupyeTcst TOSbKO € 1 X-XpOMOCOMbI — paboTaerT in cis
* PekpyTupyeTt Polycomb Repressive Complex 2 => guide

HISTONE METHYLATION - H3K27me



HOTAIR — HOX Transcript Antisense RNA.

HOX Genes HOX Genes

HOXC Locus
Chromosome 12

*In trans (HoxC -> HoxD)
* /1 Guide n Scaffold

HOTAIR

PRC2 Complex

r qSuz12 / EED / EZH2

HOXD Locus
Chromosome 2

Metastasis suppressor genes
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HISTONE METHYLATION - H3K27me
H3K4 (unmethylated)



INUreHeTn4ecKkoe penporpammmpoBaHmne
— BOCCTAHOBMIEHNE TOTUMNOTEHTHOCTMU

Pre-implantation development

Primordial germ cell development



- paternal genome
== maternal genome

>

DNA methylation

OO

fertilised

egg
gametes

O

blastocyst

U

epiblast

/"/ \
\

A\ b |
/L ﬂ": |



- paternal genome
=== maternal genome

>

DNA methylation
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Epigenetic reprogramming \

— paternal genome > Somatic maintenance
|

== maternal genome

A

DNA methylation

fertilised blastocyst

00 © § & O

egg epiblast primordial
gametes germ cells gametes

Early development PGC development



Epigenetic reprogramming - repeats
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[ @HOMHBIN UMMPUHTUHT

« DKCNpeccus reHa TorbKoO C OHOM U3 XPOMOCOM B rnape
(parent-of-origin specific gene expression).

mid-gestation adult
zygote embryo
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Epigenetic reprogramming — imprinted genes

- iMprinted genes

— repeats (IAPs) ‘
— paternal genome Somatic mamtenance

-~ Maternal genome

f\/

-
[

DNA methylation

\.\ femllsed blastocyst 85) \—\
egg eplblast primordial

gametes germ cells gametes

Early development PGC development



ICR — Imprint Control Region B npomMoTope
Kengl — IncRNA, CaneHCUHT in cis

Cdkn1ic Keng1
Mat —EEHEHHH HH- - E— M HEm———

Pat —{lHEEH_H__H

Keng1iot1
—>» Long noncoding RNA Repressed
B Paternally expressed ® Methylated ICR
Bl Maternally expressed O  Unmethylated ICR
(] Biallelically expressed



bnokmpoBaHMe aHXaHCepoB

Mat —— () Ve M m— *—hr—
@

Pat —— Il Yh *——-*——
gl Enhancers
2SS et

« CTCEF is an insulator protein, insulates /gf2 from downstream
enhancers

« DNA methylation at ICR blocks binding of CTCF binding

«  Without CTCF, DNA methylation spreads to H79 promoter to
silence and enhancers can access /gf2 to activate



DBONOUNA UMMPUHTUHTA

* PasnoeneHune Ha
coumarbHble rpynnbl —
poactBoHe 1,a1/2

a = relatedness of matrigenes and patrigenes among social group
(e.g. higher matrigenic relatedness in utero)

Hamilton's rule
Altruism is favored by natural selection : ,

b kin selection,
when: gene-level selection

rosL
Relatedness / T \Cost to the altruist

(proportion of Benefit to the
shared genes) recipient
(how many more
offspring are
produced) .
C imprinted silencing of patrigene OR imprinted silencing of matrigene
(depends on phenotypic effect of gene)

matrigenem :: palrigene matrigene .+ mpatrigene




(a, b) The sexual antagonism theory of
genomic imprinting starts with sexually
antagonistic selection, which produces
different allele frequencies, shown as pie
charts, for genes of maternal and paternal
origin. (c, d) Natural selection favors
individuals that are able to express the fitter
of the two alleles at a locus, which for males
will be the patrigenic allele and for females
will be the matrigenic allele.

a sex-specific selection

(Y O
matrigene \__/\._patrigene
» LJ

b » allele frequencies in matrigenes and patrigenes

C natural selection

//h.\.
matrigene<_/  patrigene

d imprinted silencing of patrigene in females AND imprinted silencing of matrigene in males



(a) The maternal—offspring coadaptation theory
of genomic imprinting relies on the correlation
of genes in the mother and genes of maternal
origin in the offspring (shown in light blue). (b)
Fitness of offspring is determined by the
interaction (shown in dark purple) between the
phenotypes of mothers and offspring. (c)
Imprinted silencing of the patrigenic allele can
be favored for either of two reasons, depending
on the genetic architecture of the interacting
phenotypes. First, when a single gene governs
the interaction and phenotypic matching
between mothers and their offspring produces
high fitness, then silencing of the patrigenic
allele is beneficial to offspring because it raises
the probability of producing a match. Second, if
different loci are involved in the phenotypic
interaction, past correlational selection will have
produced a covariance between them,
generating haplotypes with combinations of
alleles that interact well together. (N.B. This
multi-locus interaction is not depicted in the
figure.) The offspring is more likely to inherit
from its mother an allele that interacts well with
the alleles in the mother's genotype. This also
favors the imprinted silencing of the patrigenic
allele because it raises the probability that the
offspring expresses an allele that makes for a
good interaction with the maternal phenotype.

maternal genotype
oo

- matrigene O opatrigene

a genetic correlation of

b epistatic selection,
interaction effects

i —
matrigenes—but not patrigenes—with maternal genotype

maternal genotype

O o

matrigene o « ‘patrigene ——

C imprinted silencing of patrigenic allele
produces higher fitness interaction with mother



Cnacmnbo 3a BHMMaHue!



