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Etanu cuHTe3y binka

HOW GENES WORK: AN OVERVIEW
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Cytoplasm

A N

Inside nucleus

The sequence for a gene, now
encoded in mRNA, is used to
direct the production of a protein.

The sequence for a gene is
copied from DNA to a middle-
man molecule called mRNA.

4

// _ ;:,j:'? ' =2 b

{ [ f===N\ e

. Genes /?"’/ iﬁ —

N\ - / o ; ;:_-:_
== \ //Nuclea

|

| pore

|| =\
|| &)\ — \

Grandmother’s |— Copying cookie 1 " Indexcard |— Combining and | ——[chocolate chip‘
cookbook | recipe to index card with recipe |  baking ingredients \ cookies




EnireHeTuKa: perynauia ekcnpecii reHis

EPIGENETIC MECHANISMS HEALTH ENDPOINTS
0 afectod by theeo facton and proceoson: « Coancer

* Autcimmune disease

* Mental disorders

* Disbetes

EPIGENETIC
a FACTOR

HISTONE TAIL

DNA accesaible. gene active

Histone modification

The binding of spigerwtic facton 1o Nstons “tals”
alers the extent to which DNA is wragped arcund
DNA can wind for compaction and [DNA maccesatye gene racine histones and the avallabiity of genes in the DNA
@ere regulation 10 Do activated.
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MexaHi3mu enireHeTUYHMX 3MIH
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Transcription ilencing
Initiation Complex hromatin Complex

::n? HATs | Pol II | Repressor]
—> — MBDs |H3K
e RS
Active Inactive

 H3K27me3 — penpecisa (3aBaskun Ezh2)
 H3K9ac — aKtuBauis (3aBaakn HAT)

Feng, J., Fouse, S. & Fan, G. Epigenetic Regulation of Neural Gene Expression and Neuronal Function. Pediatr Res 61, 58—63
(2007). https://doi.org/10.1203/pdr.0b013e3180457635



EnireHeTunKa po3BUTKY HC
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Activities of trans-acting epigenetic modifiers

Histone acetylation
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Yamamoto, N., Uesaka, M., Imamura, T., & Nakashima, K. (2014). Roles of Epigenetics in the Neural Stem Cell and Neuron. Epigenetics in
Psychiatry, 51-78. d0i:10.1016/b978-0-12-417114-5



AKTUBALLIA HEMPOHA Ai€ Ha eKCnpecito reHiB

Neuronal
JUMAC O OO M N I 4 ity
Patterns
Coupling Map
8 Gene
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Time
Brief Activity Sustained Activity
MARR/ERK
[} MARRERK and 22

1 wave of transcription 3 waves of transcription
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Induction
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Kelsey M. Tyssowski, Nicholas R. DeStefino, Jin-Hyung Cho, Carissa J. Dunn, Robert G. Poston, Crista E. Carty, Richard D. Jones, Sarah M.
Chang, Palmyra Romeo, Mary K. Wurzelmann, James M. Ward, Mark L. Andermann, Ramendra N. Saha, Serena M. Dudek, Jesse M. Gray.
Different Neuronal Activity Patterns Induce Different Gene Expression Programs, Neuron, Volume 98, Issue 3, 2018, Pages 530-546.e11, ISSN

0896-6273, d0i:10.1016/j.neuron.2018.04.001.
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Halder, R., Hennion, M., Vidal, R. O., Shomroni, O., Rahman, R.-U., Rajput, A,, ... Bonn, S. (2015). DNA methylation changes in plasticity genes
accompany the formation and maintenance of memory. Nature Neuroscience, 19(1), 102—-110. doi:10.1038/nn.4194



EnireHeTuKa nam’ aTi

A Structure of chromatin in the basal state

Chromatin

Chromosome

Tightly clustered nucleosomes

Promoter genes Promoter
region region

Histone

Nucleosome

B Long-term memory requires chromatin acetylation

Addition of acetyl groups
causes conformation changes

CREB-2 PKA Conformational change
§3 E? allows TFs to bind
\ ¢ CREB-1 Growth of new synapses

8- - @ -

CRE

(promoter region) Eahiecncs CAAT J Late genes
(promoter region)

Kandel ER, Kandel D5 v CTgI J IVIEU ZU1H,; I3Z75435.
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YcnaaKyBaHHA
enireHeTUYHMUX MITOK?

Sperm
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Chromosome Chromosome
from Dad from Mom

Different genes are epigenetically
silenced in eggs and sperm.

/ Adult

g Sperm
= -’,,<—-<—

F

In the sperm, all imprints are
erased and rewritten with the
paternal pattern - even the
genes that came from mom

In the eggs, all imprints are

maternal imprint - even the
genes that came from dad

erased and rewritten with the



[onaHACbKa rosnoaHa 3uma 1944-1945

Human evidence of inheritance

FO mother

Dutch hunger winter

O Offspring born during the famine were smaller than average and
risk of having smaller babies persisted 2 generations (F1 & F2)

Emanuel I, Filakti H, Alberman E, Evans SJ). Intergenerational studies of human
birthweight from the 1958 birth cohort. 1. Evidence for a multigenerational effect.
Br ) Obstet Gynaecol 1992; 99: 67-74; Desai et al. [JO (2015) 633-41.



CnaaKyBaHHA YMOBHUX pedaeKcis?

a Olfr151 (over all CpG sites) b Oifr151 (individual CpG sites)
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Bia cnagKyBaHHA cTpec-
IHAVKOBAHUX 3MIH AO0...

F2

Genetics
Environment
. Parenting
| Social Learning

Levels of
Transmission

..............................................................................

Stress Effects in
Subsequent Generations

Neuropsychopharmacology Reviews (2016) 41, 232—-244; doi:10.1038/npp.2015.247

Origin of Stress
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