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[Tyonndnasa nekumnsa TatbaHbl KonecHmnkoson (MMKB CO PAH)

JdnureHeTuka. Hopasa napagurma?

Mother - 1st generation
Fetus - 2nd generation

Reproductive cells - 3rd generatior
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UYto Takoe anureHetTuka?



OcHOBHas gorma MorekynsipHon duonorum:

OHK =—> PHK —> BEJIOK



OcHOBHas gorma MorekynsipHon duonorum:

[IHK — PHK —» EE"J'IOK
I

(corracHo KriacCu4eckown reHeTuKe)

[HK oTBeTCcTBEHHA 3a XpaHeHWe, nepenadvy u peanusauuio
HacnegcTBeHHOW MHopmMaumn

To ecTb, B [1HK 3akogupoBaHa Bcsi HacneacTtBeHHast UHpopmaumnna?



OAanHaKoBbIN FreHOTUN — pa3Hble KIeTo4YHble (heHOTUNbI

KneTo4HbIN (beHOTVIﬂ MOXeT InreHeTn4eCKn HacnegoBaTbCs
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Ce30HHasa N3MEHYMBOCTb — OKpacCKa onpenendeTcda ycnoBnaMmn pa3Bntmnd

Araschnia levana
[MeCcTpoKpbIfibHULA N3MEHYMBAs

BeceHHee nokoneHune JleTHee nokoneHune



Onpegenenuve nonay Bonnelia

[«—10cm - camka

droboscis (may —
extend 1 meter)

caMel, XXMBET B
PENPOAYKTUBHbIX
NyTSX cCaMKu

S. Gilbert “Developmental biology”



Yto Takoe IMNITEHETUKA?

B 6onee o6weM cMbiIc/ie NpeaMeTOM 3NMUreHeTUuKu
SAIBJISIIOTCA ABJIEHUSA, CBA3aHHbIE C pa3BUTUEM
Pa3/INyHbIX (PEHOTUNOB KJIETOK WJIN OPraHu3MoB Ha
OCHOBE OAAHOIo reHoTMna

B 60/1ee y3KOM CMbICJ1e 3nNUMreHeTuka - pasaen
reHeTUKM, KOTopbi n3ydaerT Hacsieayemblie
U3MEeHEeHUS aKTUBHOCTU reHOB BO BpeMSA pa3BUTUSA
opraHu3Ma Wau fenieHUs KJ1eToK.

dnureHeTM4yeckoe HacneaoBaHUe — HacrnegoBaHMe NaTrepHa
3KCNpeccumn reHoB

(apxXnTekTypbl sapa, LeHTPOMEpPbI, BPEMEHUN pennKaumu...)

MHO>XeCTBO SIBIEHUW, OG'bG,EI,I/IHFIeMbIX MO CXOACTBY MOJTIEKYITIAPHbLIX MEXaHU3MOB



MutoTnyeckn ctabunbHbIE
MoneKynspHblie doakTopbl U NPOLIECCH
«around DNA», KOoTOpble perynmpyroT
aKTUBHOCTb reHomMa, He Brusis Ha
nocnenoBartenbHocTb HK



MutoTnyeckn ctabunbHbIE
MoneKynspHblie doakTopbl U NPOLIECCH
«around DNA», KOoTOpble perynmpyroT
aKTUBHOCTb reHomMa, He Brusis Ha
nocnenoBartenbHocTb HK

BO BPEMEeHU
B KJIETOYHbIX NMOKOJIeEHUAX

CTaOUNbLHO



Kak 3anncaHa nHdopmaumsa o andpdepeHumnansHOU
3KCNpeccuun reHoB?



Kak 3anuncaHa nHcdopmauua o ancbhdepeHumanbLHOU
3Kcnpeccumn reHoB?

@ -B [JHK 3akoanpoBaHbl 6eriku — perynaTopbl, y3HaloLWmue MeTKu,
3anucaHHble B nocnepoBatenbHocTy AHK, Mmoandmukaumax
CTPYKTYPbl XpOMaTHUHA

® - Metku B nocnegoBsatenobHocTn [1HK anga ysHaBaHus
cneundmnyecknmm chakTopamm TPaHCKPUNUUU U Ap. Oenkamun, MeTku
ANs NO3MUMOHUPOBAHUA HYKNE€OCOM



MNMetnsa NMOJIOXKUTENIbHOM obpaTtHOM CBA3M
noaaepXXuBaTb reH B akTMBHOM COCTOSAHUN

NonoxutenbHaa obpaTHasa cBA3b

no3BornsdeT






JKcnepuMeHTanbHoe nepenporpammMmmpoBaHMe COMaTU4ECKOMN KNeTKU B

CTBOJIOBYHO

leHbl, NpenaTcTBYyOWME

anddepeHunpoBKe, noaaepxmBaroLme

COCTOSIHUE CTBOJSIOBOW KIEeTKU
TpaHcreHHbIn Oct4
3anyckKaeT 3KCrnpeccuio
3HAOOreHHOoro, 3a cyer
NOJIOXUTENbHOM
obGpaTtHOM cBA3N
akcnpeccusa
ycunmBaeTcs U
nogaepXxuBaeTcsa B
KJ1I€TOYHbIX MOKONIEHUAX

+

9

qOreHHBIN
OCT4

eHbl, oTBevawLlime 3a
AanddepeHUPOBKY

TpaHcdekumusa
peTpoBMpycamMmm, HeCyL MU
HECKOJIbKO TPAaHCreHoB, B T.u.

Oct4, paboTarowmmn
NOCTOAHHO " Wernig, M. et al. Nature (2007)

[Mo: Takahashi, K. & Yamanaka, S. Cell (2006)

(Cxema 3HauuTeNbHO ynpoLleHa)



Kak 3anuncaHa nHcdopmauua o ancbhdepeHumanbLHOU
3Kcnpeccumn reHoB?

@ -leHHble ceTU. KOHTYpbI + U — 0OpaTHbLIX CBA3EU



Kak 3anuncaHa nHcdopmauua o ancbhdepeHumanbLHOU
3Kcnpeccumn reHoB?

CocTosiHMe XpoMaTUHa MOXET ornpeanenAaTb
YPOBEHb 3KCrnpecCun reHoB U HaclJsieaoBaTbCA
B KJIETOYHbIX MOKOJIeEHUAX



YpoBHM OpraH1M3auum XxpomaTmHa

nucleosomes

length: 2 m _\Q.‘_\), @»}\\G’)),, DNA ] 11 nm

histone modifications
histone H1

] 300-700 nm

mitotic condensation

!

length: 10 um ‘%% :J 1.5um

chromosome

Epigenetics. 2007 Editid by C. David Allis, Thomas Jenuwein, Danny Reinberg Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, Ney York



KOMNOHEeHTb!I XpOMaTUHA, y4yaCcTBywLllune B
peryndaunmn 3Kkcnpeccmmn reHoB

( KOTOpBIE IPHHSITO CBI3bIBATH C SITHT€HETHKOH )

@®Metununposanue [JHK

@KoBaneHTHble MoauMuKaummn rmCToOHOB

@BapuvaHTbl TMCTOHOB
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CTpyKTYypa HYK/1€0COMDbI

HyKk/1e0COMHbDbIN
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TMCTOHOBbLIN vl %
oOKTaMep H2B A Rl §v H2B
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MoCT-TPaHCNALUOHHbIE
Mmoandpukaumm rmCToHoOB

k& Por  Lamee

H3 N RKST RKS




Pa3Hble BapuvnaHTbl TMCTOHOB rnpeTtepneBaroT pa3/indiHble KOBaJfieHTHbIe MO.EI,VI(bVIKaLIVIVI
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Bernstein, Hake (2006) Biochem. Cell Biol. 84: 505-517

; MeTnnupoBaHHbIN NN3NH W AueTnnmpoBaHHbIW NU3NH @ docdopunnpoBaHHbI CEPUH



KOMNOHEHTbL! XpOMaTUHA, y4yaCcTBywLllune B
peryndaunmn 3Kkcnpeccmmn reHoB

(K'OTO,UI’)[@ IIDHHSITO CBA3BIBATH C SIITHI €HETHKOH ) CT1abnnbHOCTb ,El,BOI7|HO|7|
_» cnvpanu OHK

CTtabunbHOCTb
CBSI3bIBaHUSI HYKNEOCOM

@®Metununposanue [JHK —>

@BapuaHTbl TIMICTOHOB  me==

MonekynspHble
—>  MEeTKU

@KoBaneHTHble MoaudMKaumMm rmCTOHOB

Euchromatin { Heterochromatin
Bivalent domain HP1 . HMTs
: » NuRD HDMs (G9a)
Polycomb CTIP6O complex -JA-MJD_?C-- / 9 % Q\g SUV39HISUV39HZ
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DNMTs



KOMNOHEeHTb!I XpOMaTUHA, y4yaCcTBywLllune B
peryndaunmn 3Kkcnpeccmmn reHoB

(K’OTO,DI)[G IIDHHSITO CBA3BIBATH C SIITHI €HETHKOH ) CT1abnnbHOCTb NBOVHON
_» cnupanu HK
@MeTtunuposanue AHK — CTabunbHocTh
CBSI3bIBaHUSI HYKNEOCOM

@BapunaHTbl TIMCTOHOB  we==

MonekynspHble
—> METKU

@KoBaneHTHble MoaudMKaumMm rmCTOHOB

MOI'YT HACNEOOBATbLCA NPU PENJIMKALUUN OAHK N MUTO3E!



KOMNOHEHTbL! XpOMaTUHA, y4yaCcTByrwLllune B
peryndaumnm 3Kkcnpeccmmn reHoB

® _Hekopupytowme PHK

Manble Hekogmpyowmne PHK (sSiRNA, miIRNA, piRNA)
OnnHHble Hekoaupyowmne PHK (IncDNA)

30HAbI!
ObecneyunBaloT HanpaBneHoe npuBrie4eHue 6erikoBbIX KOMMJIEKCOB



«AcTopunsi» OTKPbITUSA INUTEeHEeTUYECKNX
MEXaHU3MOB



OTpuuaTenbHble obpaTHbIe CBSA3M MeXAy ABYMS onepoHaMu co3aaloT
ABYXOMNEPOHHbIN TPUITEP — CUCTEMY C ABYMS HacrneayeMbiMU
YCTOMYUBBLIMU (PYHKLMOHANIbHLIMU COCTOSAHUSIMU

®d. XKako6 u XK. MoHo, 1961 roa

+ +

() )
e —@

[lpumep pearnbHOro Tpurrepa - CUCTeMa ynpasfieHUA pennukauuen y doara
nambga [PaTtHep, 1975], a Hacrnegyemoro COCTOSHUA — nun3oreHnd. Bolbop
pexnma  QPYHKUMOHUPOBAHUA  3aBUCUT  OT  PErynsaTtopHbIX  MOJIEKYyn,
LVPKYNUPYIOLLINX B KIETKE.




1969r [nnotesa o ponu metunuposaHus HK B nogaepxaHnn KNeToO4YHOM NamMATH

1975r Holliday and Pugh

OTKpbIniM Napbl peCTPUKTa3s, y3HatoLwme ogHn n Te )
e nocnegosatenbHocTn AHK B
METUTMPOBAHHOM U HEMETUNNPOBAHHOM

COCTOSIHU OTKpbINKU ponb metunuposaHusa AHK
Hanpumep: Hpall GCGC B MHaKTUuBauuu X-XpOMOCOMbI
MnekonutTawwmx, reHoMmHOM
Mspl GC*GC ’

MMM PUHTUHIE

[o pasnnuunto B KapTUHE PECTPUKLIN MOXKHO 1988 X-chromosome inactivation and DNA methylation

ObI10 onpenennuTb, METUNUPOBAH N 1990s Imprinted genes, allelic expression and DNA methylation

yyactok [HK

o camoro koHua 20 BeKa He 3Hanu Apyrmx MexaHu3moB

1995 Histone modifications and chromatin structure

2000s Small non-coding RNAs



Hauyano 21 Beka

[MpopbiB, CBA3aHHbLIN C NOABMIEHNEM
HOBbIX MeToaAoOB nccrneanoBaHus!

CekBeHMpoBaHME reHOMOB

MwuKkpoumnbl

ToTanbHOe KapTMpOBaHWE 3KCMPECCUN FTEHOB
ToTanbHoe KapTupoBaHue 6ernkos

A op.

Hactynuna anoxa anMreHoOMm1Ku



The ENCODE Project: ENCyclopedia Of DNA Elements

I ENCODE Data Coordination Center at UCSC

- Help

Home

About ENCODE Data at UCSC

- Downloads - Data Policy

ENCODE investigators employ a variety of assays and methods to identify functional elements. The discovery and annotation of gene elements is accomplished primarily by sequencing RNA fr
genomics, integrative bioinformatic methods, and human curation. Regulatory elements are typically investigated through DNA hypersensitivity assays, assays of DNA methylation, and chromat

interact with DNA, including modified histones and transcription factors, followed by sequencing (ChiP-Seq).
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(enhancers, repressors/ silencers, insulators) (promoters, transcription T
factor binding sites) fanacript

Credits: Darryl Leja (NHGRI). lan Dunham (EBI)

To access the human ENCODE data, open the Genome Browser, select the February 2009 assembly (GRCh37/hg19) or the March 2006 assembly (NCBI36/hg18) of the human genome, and
ENCODE data can be found in the Expression and Regulation track groups, with a few in the Mapping, Genes, and Variation groups. Although most participating research groups have provid
data from each research group are displayed by default. Click the hyperlinked name of a particular track to display a page containing configuration options and details about the methods used

Browser User's Guide for further information about displaying tracks and navigating in the Genome Browser.

Data from the earlier ENCODE project pilot phase, which covered approximately 1% of the genome, are available on the March 2006 (NCBI36/hg18), May 2004 (NCBI35/hg17), and July 2003
The ENCODE Pilot Project web pages provide convenient browser access to these regions.




mod Use modMine to:
search modENCODE: [JN@{@]p]q ° Dbrowse experiments Browse Genomes:

+ export gif files
IntorMins ¢ findfeatures

The National Human Genome Research Institute (NHGRI) model organism ENCyclopedia Of DNA Elements {modENCODE) Project will try to identify all of the sequence-based functional elements in the
Caenorhabditis elegans and Drosophiia melanogaster genomes.

— RESOURCES
modMine [23 22 21 20 The project is described in Nature 2009 Jun 18,459(7249).:927-30. Unlocking the Secrets of the Genome. Please use this reference to cite the project.
1918 17 16] In December 2010, the modENCODE consortium published integrative analysis papers on its data, and summary pages of the data presented in those papers are available for both fly and worm.
Browse Genomes
Public Data modENCODE is run as a Research Network and data is publicly available, with some restrictions on its use for 9 months following publication {see our Publication Palicy ).
TF Priority List
Protocols This site is maintained by the modENCODE Data Coordination Center.
Reagents NEWS For comments, problems, requests and general information about the project please contact us at our help desk.

Quality Standards
CZ}S:EUTQW Antibody UPDATE 2011-01-24: Affinity-purified rabbit polyclonal antibodies against 63 C. elegans proteins, generated by the Lieb modENCODE Project, are now available via SDIX.
Fly scores

Related Software

Data Coordinating Center

WIKI flogin] modENCODE data:
Publication Policy ’7

Quick search: :I - e.q. eve, embnyo, zen, allele, ced-9, chip-seq
Data Submission [login)

Contact us =N e modENCODE Blog
Home ENCODE ’

search, mine and download data from modENCODE modMine release 24

modMine release 24 Release 24 of modMine
contains all the submissions validated by the end of
June 2011. There are 1504 submissions, organised

— PROJECTS ——

C. elegans Browse D. melanogaster genome

The Transcriptome
Chromatin Function
Histone Variants
Regulatory Elements
The 3' UTRome

D melanogaster
The Transcriptome
Regulatory Elements
Chromosomal Proteins
Small and microRNAs
Origins of Replication
Comparative Genomics

— EXTERNAL LINKS —

modENCODE@NHGRI
FlyBase

WormBase

FlyMine

Fly Net

UCSC Genome Browser

PhastCaons nematode

ananassae
mojavensis
pseudoobscura
simulans
virilis

yakuba

SRR B

\%
s
é} Browse C. elegans genome

e
=
WM Comparative Genomics
MAF fly alignments
MAF nematode alignments

&

Download submissions

w Graphical Submission Filtering Tool

ENCODE Submit data

in 61 experiments which in turn are divided in 12
categories. New in this release. - A new way of
managing users' lists when transferring them from
one release to the next[..]

mailing list

The mailing list announce@modencode.org will
receive notification of any new posting to the
modENCODE blog. If you wish to subscribe (or
unsubscribe) please go to the page
http:fimailman.modencode i

and follow the instructions.

modMine release 23.1

The new modmine release 23.1 presents a new
displayer for the expression heatmaps. The new
displayer uses canvasXpress to perform clustering
operations on the data. The new release is built on
the same data of release 23.

RSSbox powered by rssinclude.com
< i | >




C M O modencode.oicr.on.ca/fgb2/gbrowse/fly/

Exalnples: fiz, sos, 2L 120000..140000, 2L Het:98860..298860, 2RHet:433159..633158, 3LHet:721028..1721027, 3RHet:1791377..1841377,
YHet:103159..203158, U:3907234..4107234.

Data Source
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XpOMOCOMHbIE AOMEHbI

*XpPOMOCOMHbIE TEPPUTOPUMK
«CkoopanHnpoBaHHasa 3KCnpeccusi reHos
-CkoopanHnupoBaHHasa pennukauns

[10 Kakum XapakTepnctnkam MOXHO BblAEJTINTb XPOMOCOMHbIE

NOMEHbI?
r

Habop moancdunkaumm ructoHoB
Habop HerncTtoHOBbLIX 6enkoB
Bpems pennukauum
MNoTHOCTL reHoB
< NMNNOTHOCTL aKTUBHO TPAHCKPUOUPYIOLLUNXCSA FeHOB
NMNoTHOCTbL NOBTOPAIOLWMXCA NOcrieaoBaTeNbHOCTEN
Jlokanun3sauusa B agpe
paHuLbI (bapbepbl, KOHKYpPEeHUUA MexXay NPOTUBOMNOSOXHbLIMU
depMeHTHbIMU aKTUBHOCTAMM)

\.




B ntore cchopmupoBanocTb npeacTtaBrieHne, YTO perynsiums aKkcnpeccum
reHOB MOXEeT OCYLUECTBNATLCA Ha Pa3HbIX YPOBHSX

*HekoTopble reHbl perynupyroTcsi TONbKO Ha YPOBHEe NpomMoTopa
«dpyrMm reHam AONOSIHUTENTbHO HEOOXOAUMbI IHXaHCEPbI UMY canneHcepbl

*MHoOrme y4yacTtkm reHomMa perynmpyroTcs Kak eaAuHble NPoTsXKeHHble AOMEHbI
XpomMaTuHa. Ha aToM ypoBHe BO3MOXXHa 3INUreHeTU4YecKas perynauus
(anureHeTn4yeckoe HacnegoBaHMe COCTOAHUA 3KCNPeCcCun)

B aToi perynsaumm y4acTBytoT

BapuaHTbl 1 Mmogmndmkaumm ruCToHOB

PasnnyHblie HermcToHoBblE Berkn XxpoMmaTmHa
[TpocTpaHCcTBEHHAsA opraHM3auma sapa
[MpoCcTpaHCTBEHHO-BPEMEHHAA OpraHM3auuns pennmkaymm



JNUreHeTuKa = XpomMaTuUH?
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Epigenomics and Epigenetics
Of special interest are papers which cover the following subjects:

1) developmental studies that identify novel pathways or mechanisms by which changes in
early development may either increase or decrease the risk of later ill health;

2) characterisation of epigenetic processes that respond to physiological changes in the
environment during early life and how these directly relate to later disease;

3) how gender can affect an organisms response to an early life challenge;

4) new studies that challenge existing concepts and hypothesis within the developmental
origins of adult health and disease.

U3MeHeHue YyCroBUU B paHHEM pa3BUTUUN —
U3MeHeHue pucka 3aboneBaHMn B Te4eHUe BCeun
XU3HU

[lonck HOBbLIX MpUMepoB
«XapaKkTepucTmKa arnmMreHeTUYeCKNX MexaHM3mMoB, KOTOpble 3TO obecnevmnBaroT



Biological pathways linking early life stress to later psychopathology
d

Childhood cortisol

Hypothalamus
SN
»

\
\
\
Anterior

\
1
1
1

pituitary

~
A
A}

Cortisol

~_Adrenal
cortex

A
\ - | ‘\
vmPFC ) |(Ko=4))
Amygdala( ‘\\ -y
K\UUA)///)))\
— — = Amygdala-vmPFC
Maternal stress during infancy resting-state functional connectivity
b No early adversity Early adversity
— —
Gender- — —
independent effects ﬁ) ? (P Glucocorticoid ? ? ? Glucocorticoid
[ receptor I I receptor ]
/”” 4 ,’,
Gender- ' . &
dependent effects ? ? ? ? Q ?
receptor-o. receptor-o.




peLenTop
KopTusona

rmnnoKamnmn

| _

runoranamyc

KJ1
l + Ba3onpeccuH

runocdpus

I+

HaaAMNnoO4Ye4yHUukKu

OKCUTOLMH

AKTI

KopTuson
cTpecc



Transcriptionally permissive chromatin
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Epigenetics and the environment: emerqging patterns and implications.
Feil R, Fraga MF. Nat Rev Genet. 2012 Jan 4;13(2):97-109
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Reversible switching between epigenetic states in
honeybee behavioral subcastes

Brian R Herb, Florian Wolschin, Kasper D Hansen, Martin J Aryee, Ben Langmead, Rafael
Irizarry, Gro V Amdam & Andrew P Feinberg
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Nature Neuroscience 15. 1371-1373 (2012) | doiz10.1038/nn.3218
Received 02 July 2012 | Accepted 20 August 2012 | Published online 16 September 2012
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In honeybee societies, distinct caste phenotypes are created from the same genotype, suggesting a
role for epigenetics in deriving these behaviorally different phenotypes. We found no differences in
DNA methylation between irreversible worker and queen castes, but substantial differences
between nurses and forager subcastes. Reverting foragers back to nurses reestablished
methylation levels for a majority of genes and provides, to the best of our knowledge, the first
evidence in any organism of reversible epigenetic changes associated with behavior.
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to caste identity in the carpenter ant Camponotus
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Cancer epigenetics reaches mainstream oncology

Manuel Rodriguez-Paredes & Manel Esteller
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Abstract

Abstract » References « Author information

Epigenetics is one of the most promising and expanding fields in the current biomedical research
landscape. Since the inception of epigenetics in the 1940s, the discoveries regarding its
implications in normal and disease biology have not stopped. compiling a vast amount of knowledge
in the past decade. The field has moved from just one recognized marker, DNA methylation, to a
variety of others, including a wide spectrum of histone modifications. From the methodological
standpoint, the successful initial single gene candidate approaches have been complemented by
the current comprehensive epigenomic approaches that allow the interrogation of genomes to
search for translational applications in an unbiased manner. Most important, the discovery of
mutations in the epigenetic machinery and the approval of the first epigenetic drugs for the
treatment of subtypes of leukemias and lymphomas has been an eye-opener for many biomedical
scientists and clinicians. Herein, we will summarize the progress in the field of cancer epigenetics
research that has reached mainstream oncology in the development of new biomarkers of the
disease and new pharmacological strategies
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BO3MOXHO Nu 3anureHeTn4yeckoe
HacrnepgoBaHuWe Yyepe3 NOoKoneHuna?

«MPOTaLLMTLY IMUrEeHETUYECKNE MapPKepbl Yepe3 Meo3 1 OnnogoTBOPeHMe

«3arinmxartb» annMreHeTn4eCkne MapKkepbl B raMeTbl



meTunupoBaHue [1HK B XXn3HeHHOM
LMKIe MneKkonutarwLmx



Pacnpepenexnune metunuposaHmna OJHK B reHome 4yerioBeka

Methyl-Cytosine

w

? o
,,z‘@*{i B reHomMe 4yenoBeka MeTUNIMPOBaHO:
Q/C\"/Q\'?"“ 4% UUTO3UHOB
8 70-80% CpG AnHyKkneoTnaoB
98% of the genome <2% of the genome
1 CpG/100bp 1 CpG/10bp short stretches (~1000bp)
majority methylated majority unmethylated

A

Tl ? BRI ] D:J

CpG ocTpoBKM

Alex Meissner, Henry Stewart Talks



Methylated DNA from Zygote to Adult

Differentiated cells become
more restricted in their potential
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Differentiated Cells can
Become Totipotent

Nuclear transplantation demonstrates
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YTO0 Takoe reHOMHbIN UMNPUHTUHT

FeHOMHbIN UMNPUHTUHTI — FeHeTU4YecKun peHoMeH, Koraga
onpepaeneHHble reHbl 3KCNPeccUpyrTcs TONbLKO ¢ annerns,
npuweLuero ot oTua, Apyrue — TonbKo OT MaTtepu. Ansa
YyernoBekKa kak MUHMMYM 80 reHoB noaBepXeHbl FreHOMHOMY

MMOPUHTUHTY.

Genomic Imprinting in Mammals
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Demethylation of the Paternal Genome

De-methylation of the paternal préh'ucieus
in the one-cell embryo of mouse
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Methylation Changes During Development

Reprogramming the DNA methylome
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Methylation Changes During Development

Reprogramming the DNA methylome
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CyLwecTBYHOT 3anNNMreHeTU4eCKMe MEeTKU, KOTopble He
cTUparoTcsa B 3urore!



U cHoBa O reHOMHOM UMNPUHTUHTE...



OBOSTIIOLIMOHHOE ApeBo, UINJTICTPpUpyrowiee BpemMda 1 0COBEHHOCTU, CBA3AaHHbIE C
BO3HNKHOBEHUEM NMIMPUHTUHIA Y MITEKOMNMNTALWLNX
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KpacHasa nuHus ykasblBaeT Ha Hannime MMNPUHTUPOBAHHbLIX annenen, YepHas — OTCYTCTBME K HAaCTOALLEMY
MOMEHTY AaHHbIX O cyulecTBoBaHUM nmnpuHTuHra [Renfree et al., 2008].



JBonoUMa UMNPUHTUHTa B nokyce PEG10.

Insertion of PEG10

148 Mya

166 Mya

=1 350 Mya

UepHble NnHUK C KPY>KKaMn Ha KOHLaxX nokasbiBatoT metunuposanue [JHK B panoHax CpG, cepble 60KCbl —
MHaKTUBUPOBaHHbLIN annenb. [Renfree et al., 2008].



HacneposaHue ON vunun OFF cocTosiHNA reHa B Te4eHUe HeCKONMbKUX
MNOKONIEHNN OPraHN3MOB Y MHOTOKJeTOYHbIX

MeTVIﬂVIpOBaHVIe OHK B o6nactu nNPOMOTOpa reHa MoXeT nepeaaBaTtbCs criegyrouiemMy nNnoKomneHnro



Agouti Genes in Mice

Agouti viable yellow (4)
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Methylation at the 4 allele

in sperm - bisulfite sequencing
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A7 allele

is reprogrammed in early development
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The tail-kink phenotype correlates with the methylation state at the AxinFU allele

Transgenerational inheritance of epigenetic states at the murine Axin(Fu) allele occurs
after maternal and paternal transmission.

Rakyan VK, Chong S, Champ ME, Cuthbert PC, Morgan HD, Luu KV, Whitelaw E.

Proc Natl Acad Sci U S A. 2003 Mar 4;100(5):2538-43
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Aberrant Kit
mRNA

Model for paramutation
at Kit as proposed by
Rassoulzadegan et al. .

RNA-mediated non-mendelian
inheritance of an epigenetic change in the
mouse.
Rassoulzadegan M, Grandjean V,
Gounon P, Vincent S, Gillot I, Cuzin F.
Nature. 2006 May 25;441(7092):469-74.

From the following article:
Genetics: Paramutable possibilities
Paul D. Soloway
Nature 441, 413-414(25 May 2006)
doi:10.1038/441413a
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PLoS Genet. 2013 May;9(5):e1003498. doi: 10.1371/journal.pgen.1003498. Epub 2013 May 23.
RNA-mediated epigenetic heredity requires the cytosine methyltransferase Dnmt2.
Kiani J, Grandjean V, Liebers R, Tuorto F, Ghanbarian H, Lyko F, Cuzin F, Rassoulzadegan M.

Parental Germline F Paramutagenic DNA
RNA

.L Dnmt2
-:. . -'t _. . -..-‘t Paramutation
Q l ™ < ™ = | Modified RNAs
. 4
Offspring I Paramutated wild-type DNA
s RNA

From Paramutation to Paradigm
PL0oS Genet. 2013 May;9(5):€1003537.
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Parental olfactory experience influences behavior and
neural structure in subsequent generations

Brian G Dias!:? & Kerry ] Ressler!-3

Using olfactory molecular specificity, we examined the inheritance of parental traumatic exposure, a phenomenon that has been
frequently observed, but not understood. We subjected FO mice to odor fear conditioning before conception and found that
subsequently conceived F1 and F2 generations had an increased behavioral sensitivity to the FO-conditioned odor, but not to
other odors. When an odor (acetophenone) that activates a known odorant receptor (O/fr151) was used to condition FO mice,
the behavioral sensitivity of the F1 and F2 generations to acetophenone was complemented by an enhanced neuroanatomical
representation of the O/fr151 pathway. Bisulfite sequencing of sperm DNA from conditioned FO males and F1 naive offspring
revealed CpG hypomethylation in the Offr151 gene. In addition, in vitro fertilization, F2 inheritance and cross-fostering revealed
that these transgenerational effects are inherited via parental gametes. Our findings provide a framework for addressing how
environmental information may be inherited transgenerationally at behavioral, neurcanatomical and epigenetic levels.

NATURE NEUROSCIENCE VOLUME 17 | NUMBER 1 | JANUARY 2014

IDepartment of Psychiatry and Behavioral Sciences, Emory University School of Medicine, Atlanta, Georgia, USA. 2¥erkes Mational Primate Research Center,
Atlanta, Georgia, USA. 3Howard Hughes Medical Institute, Chevy Chase, Maryland, USA. Correspondence should be addressed to B.G.D. (bdias@emory.edu) or

K.J.R. (kressle@emary.edu).



Lamarck revisited: epigenetic inheritance of
ancestral odor fear conditioning

Moshe Szyf

A study shows that when mice are taught to fear an odor, both their offspring and the next generation are born
fearing it. The gene for an olfactory receptor activated by the odor is specifically demethylated in the germ line and

the olfactory circuits for detecting the odor are enhanced.

Shock

Sperm cell

Katie Vicari

volume 17 | number 1 | january 2014 nature neuroscience
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Implication of sperm RNAs in transgenerational
Inheritance of the effects of early trauma in mice
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Small non-coding RNAs (sncRNAS) are potential vectors at the interface between genes and
environment. We found that traumatic stress in early life altered mouse microRNA (MIRNA)
expression, and behavioral and metabolic responses in the progeny. Injection of sperm RNAs from
traumatized males into fertilized wild-type oocytes reproduced the behavioral and metabolic
alterations in the resulting offspring.
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Can environment influence these processes?
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NonnaHpackas ronoaHas 3uma 1944-1945

Calorie consumption dropped from 2,000 to 500 per day for 4.5 million.

Children born or raised in this time were small, short in stature and had many diseases including, edema,
anemia, diabetes and depression.

The Dutch Famine Birth Cohort study showed that women living during this time had children 20-30 years
later with the same problems despite being conceived and born during a normal dietary state.



Environmental exposures vs. inherited changes in multiple generations

Exposed Female
F1 fetus F2 germ line

-

Parent (FO) Child (F1) Grandchild ( Great-grandchild (F3)
. Multigenerational exposure I Transgenerational

inherited effect

Exposed Male
F1 germ line

- g

Parent (FO) Child ( Grandchild (
L Multigenerational exposure —1 Transgeneratlonal

inherited effect

http://www.sciencenews.orqg/view/feature/id/349076/description/From Great Grandma to You
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Table 3. Epigenetic transgenerational events

Epigenetic transgenerational event, environmental Reference
factor and generation

Paramutation in maize [118]
Modification of plant color {(F1-F2)

Paramutation in Arabidopsis (F1-F4) [91]
Epigenetic {paramutation) non-mendelian change in [92,93]
mouse (F1-F6)

Vinclozolin-induced epigenetic transgenerational [33,86]
adult-onset disease in rat (F1-F4)

BPA-induced transgenerational testicular abnormality [89]
{F1-F3)

Transgenerational promotion of long term potentiation [95]
{(F1-F2) by altered environment

Stress-induced behavior alterations (FO-F2) [96]
Mutrition-induced transgenerational obesity in mice [61]
(F1-F3)

Transgenerational response in longevity to nutrition [94]
{FO-F2)

Gender bias in multiple sclerosis following (98]
epigenetic changes in HLA class lll risk haplotypes

(F1-F2)

Tumor susceptibility in Drosophila (F1-F3) [119]
Stem cell culture-induced adult-onset disease (FO—F4) [99]

Michael K. Skinner, Mohan Manikkam and Carlos Guerrero-Bosagna
Epigenetic transgenerational actions of environmental factors in disease etiology
Trends in Endocrinology and Metabolism. 2010. Vol.21 No.4



Figure 1. Genes with mRNA expression levels significantly different between control and vinclozolin lineage F3
generation germ cells at E13 and E16.
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In Utero Alcohol Exposure, Epigenetic Changes, and Their Consequences
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Compound

Tobacco smoke

Particulate air pollution
Asbestos

Bisphenol A (BPA)
Diethylstilbestrol (DES)

Metal ions (such as
chromium, cadmiun, nickel,
arsenic and methylmercury)

Vinclozolin
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Silica
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Di- and trichloroacetic acid,
trichloroethylene

AML. acute myeloid leukaemia

Species

Human

Human,
Mouse

Human
Mouse

Mouse

Multiple
species

Mouse,
rat

Mouse
Human

Human

Mouse

Ontogenic
stage

Adult life

Adult life
Adult life

Embryonic
development

Embryonic
development

Embryonic
development,
adult life

Embryonic
development

Embryonic
development,
adult life

Adult life
Adult life
Adult life

Epigenetic alteration

Locus-specific DNA
methylation and histone
modifications; chromatin
remodelling machinery

DNA methylation
DNA methylation

Locus-specific DNA
methylation

DNA methylation

DNA methylation;
histone modifications
(for nickel)

DNA methylation

DNA methylation

DNA methylation
DNA methylation

Locus-specific DNA
methylation

Tissues or cell
types affected

Lung, blood

Blood, sperm
Pleural tissues
Systemic
Gonads

Multiple tissues

Male germ cells

Male germ cells

Blood
Blood

Liver

Phenotypic alterations

Lung cancer?

Unknown

Susceptibility to different
diseases

Coat colour distribution of
agouti viable yellow (A”) mice

Male sexual function

Increased susceptibility to
diseases such as cancer

Altered gonad development
and spermatogenesis in the
male offspring

Altered male reproductive
system

Silicosis
Increased risk of AML

Increased risk of hepatic
cancer

Refs

60,61,143

54,69

57

99

144,145

Reviewed in
REFS 146.147
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148
55

Reviewed in
REF. 147
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You can control your level of cellular stress and remodel your epigenome for health and
longevity at the Dinner Table
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Multifactorial hormesis — the theory and practice of maintaining health and longevity
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Nutriepigenomics

From Wikipedia, the free encyclopedia

Nutriepigenomics is the study of food nutrients and their effects on human health through epigenetic modifications. There is now considerable evidence that nutritional imbalances during gestation and lactation are linked to non-communicable
diseases, such as obesity, cardiovascular disease. diabetes, hypertension. and cancer. If metabolic disturbances occur during critical time windows of development. the resulting epigenetic alterations can lead to permanent changes in tissue and

organ structure or function and predispose individuals to disease [']

Contents [hide]
1 Overview
2 Nutriepigenomics and Development
2.1 Prenatal
2.1.1 Low Birth Weight
2.1.2 Obesity
2.1.3 Folate
2.2 Perinatal
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2.2.2 Neurodevelopment
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5 Future directions
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Overview | edit source | edit =tz ]

Epigenetics relates to heritable changes in gene function that occur independently of alterations in primary DNA sequence. Two major epigenetic mechanisms implicated in nutriepigenomics are DNA methylation and histone modification. DNA
methylation in gene promoter regions usually results in gene silencing and influences gene expression. While this form of gene silencing is extremely important in development and cellular differentiation. aberrant DNA methylation can be detrimental
and has been linked to various disease processes. such as cancer.[2 The methyl groups used in DNA methylation are often derived from dietary sources, such as folate and choline. and explains why dist can have a significant impact on methylation
patterns and gene expression [*] Gene silencing can also be reinforced through the recruitment of histone deacetylases to decrease transcriptional activation. Conversely. histone acetylation induces transcriptional activation to increase gene
expression. Dietary components can influence these epigenetic events. thereby altering gene expression and disturbing functions such as appetite control, metabolic balance and fuel utilization [']
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CtabunbHoOCTbL (heHOTMNA

Qkcnpeccnst MOOUNbHBIX 3NEMEHTOB YCTONYNBOCTb pa3BUTUS



UTakK, 4TO Xe TaKoe «3nureHeTuka»?



«Heckonbko net Ha3aa (B 1947 r.) 1 BBen TepMUH 3nu2eHemukKa, npousBeas ero ot
apUCTOTENEBCKOIro «3nureHesa» — CrioBa, KOTOpoe No4yTu BbIWO U3
ynoTtpeoneHus,— u npearioXxun HasbiBaTb 3NMUreHeTUKON BETBb OMOSOruum,
M3YYaroLUYH NPUYUHHbIE B3aUMOOEUCTBUSA MeXay reHaMmm U nx NnpoayKramu,
obpa3syrowmmm chbeHoTuUn.

K.X.YOOOMNHITOH. OCHOBHbIE BNOJTIOMMYECKWE KOHUEMLWMA
B kH.: Ha nyTun k Teopetudeckon 6uonormu. |. Nponeromensl. — M.: Mup, 1970. C. 11-38.
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