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Ruzné urovne epigenetické dedicnosti
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Transgeneracni epigeneticka dedicnost
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Mezigeneracni dédi¢nost epigenetickych
zmeén zarodecnou drahou bez vlivu
prostiedi plUsobici na fenotypovou

variabilitu

Vystaveni zdrodecné drahy pUsobeni
vnéjsich vlivl ovliviuje u samic az tfi
generace (epigenetickd dédi¢nost; u samcll
pouze dvé), za transgeneracni epigeneticky
fenotyp je povazovana az ,,de-novo”

zarodecna draha F3 generace (u samcl F2)



Strategie formovani zarodecné drahy a

epigeneticka dedicnost

* Epigeneze — zarodecné bunky jsou specifikovany pozdeji behem vyvoje na zaklade
vnéjsich signall (vliv zmén, ke kterym dochazi v post-zygotickém obdobi)

* Preformace — vliv dédicného materialu (vétsi maternalni efekt, mensi vliv prostredi)

Epigenesis

maternal influence
environmental influence

P t Vys$si vliv prostfedi
Nizsi maternalni vliv

"6 9-
A

embryo germ cell specification

inductive
.. signal

..W

oocyte

Preformation

maternal influence

environmental influence

M t Nizsi vliv prostredi
Vyssi maternalni vliv

N
A

embryo germ cell specification
(incorporation of maternal
factors into PGCs)

oocyte

Osborne et al. 2014



Dusledek a vyznam transgeneracni epigeneticke
dedicnosti v biologii nemoci a fenotypovych zmeén
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Agouti Viable Yellow
— epigeneticky
mozaicismus

* metylace retroelementu
vede k inaktivaci ektopické
expresi

A The Agouti viable yellow allele B

Agouti coding exons

Tissue-specific and developmentally
regulated promoters

C Phenotypes of the Agouti viable yellow allele
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Inactive Agouti viable yellow allele



Methyl donor
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Tyto dvé mySi maji stejny genotyp (AW/a) i fenotyp (pseudoagouti) ... ale odliSné potomstvo

! Germ cells carry the epigenetic benefits of
E grandmother’s diet

n Craig A. Cooney*
T Department of Biochemistry and Molecular Biology, University of Arkansas for Medical Sciences, Little Rock, AR 72205



Vysledky reciprokych krizeni s recesivnim mutantem a
fenotypova (maternalni) dédicnost Agouti Viable Yellow alely

« AW/a xa/a
* \lysledky reciprokych krfizeni s recesivnim mutantem ukazaly ,subtle

parent-of-origin® efekt exprese (=neuplné odstranéni pasivnich
epigenetickych markeru IAP LTR oblasti v paternalni linii)
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AY allele is cleared in early embryonic development, not PGC '
development, and reset after implantation - maternal |

imprinted genes - paternal transmission A" allele Somatic maintenance |
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Maternal Genistein Alters Coat Color and Protects AYY Mouse Offspring from
Obesity by Modifying the Fetal Epigenome
Dana C. Dolinoy,'23 Jennifer R. Weidman,'Z Robert A. Waterland,*® and Randy L. Jirtle 123

Department of Radiation Oncology, Duke University Medical Center, Durham, North Carolina, USA; 2University Program in Genetics
and Genomics, and 3Integrated Toxicology Program, Duke University, Durham, North Carolina, USA; 4Department of Pediatrics, and
5Department of Molecular and Human Genetics, Baylor College of Medicine, Houston, Texas, USA

Genistein, the major phytoestrogen in soy, is linked to diminished female reproductive performance
and to cancer chemoprevention and decreased adipose deposition. Dietary genistein may also play a
role in the decreased incidence of cancer in Asians compared with Westerners, as well as increased
cancer incidence in Asians immigrating to the United States. Here, we report that maternal dietary
genistein supplementation of mice during gestation, at levels comparable with humans consuming
high-soy diets, shifted the coat color of heterozygous viable yellow agouti (A 4) offspring toward
pseuadoagouti. Environ Health Perspect 114:567-572 (2006).
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ym* zasahem

Epigenetické zmeny navozené ,,ume

e PUsobeni prostredi
e Zmény prostredi v prubéhu sensitivni periody
 Overkalix

* Holandsky hladomor = ,,thrifty phenotype”
* Holocaust

* Dieta, maternalni péce aj.

* \Védecky- nebo klinicky-navozené zmeény
* ART, klonovani, somatické reprogramovani




Vliv prostredi na epigenetickou dedicnost —
Overkalix

* |zolovana oblast v severnim Svédsku

* Casté periody hladomoru, pfesné dokumentovany

zaznamy sklizné vs. cena potravin

» Korelace mezi hladovénim u prarodict a snizenou

Zivotaschopnosti vnoucat

* Sensitivni doba ovlivhéna prijmem jidla v obdobi
,pomalého ristu“=9-12 let pro muzskou linii; 8-10 let

u zen




Vliv prostredi na epigenetickou dedicnost —
Overkalix

* Transgeneracni efekt na potomstvo (rodice-déti-vnuci)

 Pohlavne vazana

e Paternalni (ne)dostatek obzivy (vliv prostredi) déedény pres muzskou
linii (CVD,diabetes)

* Maternalni (ne)dostatek obzivy (vliv prostredi) dédény pres dcerinou
linii (vysoka umrtnost)
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Vliv prostredi na epigenetickou dedicnost —
holandsky hladomor (studie na lidech)

* Hladomor behem némecké blokady 1944 — 1945,

zesileny zimou a nedostatkem ostatnich potravin

e Zasoby jidla se propadly nejdrive na 2200-1800g
chleba/tyden, pozdéji 1400-1000-400g+1kg
brambor (cca. 600 — 1000 kalorii/den) na osobu

e Hladomor byl ukoncen osvobozenim v kvétnu 1945



Vliv prostredi na epigenetickou dedicnost —
holandsky hladomor (studie na lidech)

« ,Manna“ zachranné operace (,,Svédsky chléb“ a ,Royal

Airforece Manna“)

 Studie souboru jedincQ, ktefi byli vystaveni hladomoru

béhem kojeni nebo béhem poceti

-

e s
a1/ 111411

* HIladoveéni pred pocetim-po poceti vedlo ke zvyseni

mentalnich a metabolickych poruch+poruchy zpracovani
glukozy (vyssi frekvence diabetu v potomstvu, obezita a

kardiovaskularni choroby)
 Zadné/nizké riziko u déti, které nebyli vystaveny hladovéni
béhem poceti nebo pokud se hladovéni objevilo pozdéji

béhem kojeni



Holandsky hladomor — epigeneticke faktory

* Zvyseny vyskyt poruch byl asociovan se zmenami DNA methylace malého
poctu genu
* |GF2
* GNAS
 MEG ICRs (imprintované geny)
* Geny metabolickych drah

* Soucasna data vSak ukazuji nizkou transgeneracni dedicnost!

* ,Vyvojovy puvod zdravi a nemoci dospélych jedincu” = Barkerova hypotéza
(vysvetluje vyznamné a permanentni zmény dospélych jedincu zplsobené vlivy in
utero a po poceti) — Holandsky hladomor — podvyziva zpUsobuje nizkou porodni
vahu, ktera koreluje s obezitou, diabetem II. Typu

* ,Thrifty phenotype” — hypotéza programovaneho ukladani energie u jedince, pokud
neni dostatek pred a po poceti (majici zfejmé epigeneticky zaklad)



Epigenetické reprogramovani behem vyvoje a
sensitivni obdobi

oocyte
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Osborne et al. 2014



Vliv parentalniho traumatu behem
prekoncepcniho obdobi na dedicnost
epigenetickych zmeén

* Prezivsi Holokaustu a jejich
déti maji rozdilné urovné
methylace genovych oblasti

* Predispozice k psychickym
porucham, nizsi stresové
odolnosti (sexualni deviace,
psychicka odolnost,
obtézovani)

* Porovnani zmén methylace
genu FKBPS5, kterydje
dulezity v odpoveéedi
organismu na
glukokortikoidy — biologicky
signal na stres




Struktura genu FKBP5

* Regulace bunécného transportu a skladani proteinu, 11 exonu

* Intron 7 —vazebna mista pro glukokortikoid

Intron 2 Intron 7
rs1360780 SNP/ 4 GREs| 6 CpG sites/ 3 GREs

[ i
promoter | transcription start I
GCTGTTTCTGGAATCCAAGGCAACTGACAAATTCTCTCTCT
TCTCTACTTGGAGAAGTATAAAAAAAAAATGGCTTCGGGTTAGCTGCTTTCTTTCTTGTAT Bin1, CG1 cheé 35 558 385-35 558,367
Bin 1
Bin 1, CG2 ol 35,888,438.35 559,439 CTCTGGTCACAGAGCCTAGTGGCCCTCGAGGACTTGCAGTTGGGATAACAACTTGGAG
Bin1
Bin 2. OG3 ohv6: 35,556, 468-35 558 489 CCACAGTGCAGGCCTCTTCGTGACTCCTGTGAAGGGTACAATCCGTTCAGCTCTGAAA i Bin 2. CG4 chr:35, 558 513-35 556.514
Bin2 Bin 2 1st GRE
AGCTGCACCCCACTCCCCCAAGGAGCCACTTGGCAGAACGTGAACCTTTCTGTCCTCA Bin 2, CGS chr6.35, 558, 566-35 558,567
Bin 2

ACCCAGGAAAAAAAAAGTACAAAAAGAACAAGTCTAGGAACAATAAGGGAACAAGTC
2nd GRE

TTGGATTCTACCCAAAAAAGTTAAAAAAAAAAAAAALAGC TGACACATAGGAACAAAATA

Bin 3, CG6 o6 35,556.710-35 558 711 AGAACACGGAGCTCCTTCGTTGTATATCAGCTGTGCTATGTCAGTTIGTTCTATTCTTCAG
: Bin3 3rd GRE

CAGTGTTGGAGGCAAGAGA

Porovnani intronu 7 genu FKBP5 u
prezivsich obéti a jejich déti
Holokaustu, a skupinou lidi
podobného véku



Korelace Urovne stresu a epigenetickou
mezigeneracni dedicnosti

* Ackoli nebyl doposud pozorovan definitivni efekt stresu u pravnoucat,
studie prokazala jasny efekt stresového faktoru na vyvoj novych

jedincu

3.vazebné misto intronu 7 genu
FKBP5 a korelace détského
traumatu

F1 FKBPS %Methylation
Intron 7, Bin 3 (site 6)
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Methylace 3.vazebného mista
intronu 7 genu FKBP5 a rozdil
prezivsich Holokaustu s kontrolni
skupinou

Pokud Zena prezila
Holokaust — byly ovlivnény
jeji oocyty i ona samotna
(FO a F1 generace)

V pripadé téhotenstvi
doslo k ovlivnéni i F2
generace (stale primy
efekt stresu)

F3=transgeneracni prenos
zaloZeny na epigenetickém
mechanismu
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Genomicky imprinting - definice

* Pouze ovlivnény nékteré skupiny gen, které maji maternalni nebo paterndlini expresi
* Mnoho gen( je umisténo v celych skupinach (ovlivnény specifickymi insuldtory a IncRNAs)

* Nastaveny béhem vyvoje zdrodecné linie a diferenciace gamet (Uloha DNA methylace, histonovych PTMs, IncRNAs, insulatory a

vysSi struktura chromatinu)

* Nepostradatelné pfi vyvoji a reprodukci (ackoli pouze samice u savcll mohou nést plod, geny nezbytné pro jeho vyvoj jsou

exprimovany vyhradné z paternalnich chromozomu=reciproky imprinting, nedochazi k partenogenezi)

* Reciproky imprinting zaji$tuje pfiméfeny vyvin plodu :

paternalné exprimované geny (Peg) podporuji pre- i postnatalni rist

maternalné exprimované geny (Meg) jsou rlistovymi supresory



Genomovy imprinting a uniparentalni

disomie

Biparentalni kombinace

Maternalni UDP
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Y B ¥ 2copies

Diploid chromosome set
Wild-type embryo

Wild-type mat-UPD Deletion Polymorphism

St

PER

| Soo””

Lethal Viable

Barlow et al. 2014



Non - ekvivalence parentalnich genomu a
dikaz imprintingu u savcu

: Sperm

Fertilized
diploid embryo

Azim Surani (1984) /e
e Qdstranéni materndlniho nebo
paternalniho jadra v oplodnéném Y

vajicku a jeho vlozeni do
enokluovaného sekundarniho
vajicka vede k androgenezi nebo

gynogenezi (obé jsou letalni v |
[ ‘ : ;?CSH%
ranném stadiu) Gynogenetic Wild-type Androgenetic PERSPECTIVES

Barlow et al. 2014



Mechanisms of imprint erasure:
Changes in histone PTMs

DNA demethylation likely mediated
by TET1/2 and passive demethylation

Placenta

imprints erased in germiine

!

Mechanisms of maintenance:
ZFP57 + KAP1

PGC7/Stella « HIK9Me2
DNMT1

etween EB8.5 and 11 : Paternal Imprints placed

Genomic imprinting
during the mouse

life cycle

Zygolte

& novo pranatally

Mechanisms of imprinting:
DNMT3A + DNMT3L
Histone PTMs

Optimal CpG spacing
Transcription across ICE

Maternal imprints placed
de novo postnatally

#esmy
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Struktura imprintovanych oblasti v genomu

* |G — soubor imprintovanych genul zahrnujici protein kddujici mRNA
* |G-NC — nekddujici RNA (alespon jedna nebo vice)

* NI — neimprintované geny

* |ICE — kontrolni element imprintingu

Barlow et al. 2014



Regulace imprintovanych oblasti

* Imprintované geny se vyskytuji ve shlucich s uniparentalni expresi,
majici nékolik genti pro mRNA (IG) a alespon jednu nekddujici RNA
(IG-NC)

* Imprintovana genova exprese je regulovana in cis, kontrolovana
imprintovanym kontrolnim mechanismem (ICE)

* ICE nese epigenetické znacky praveé po jednom z rodicu



Cis

mechanismus —

model /gf2 a

lgf2r

,Insulin growth factor 2“ —
iniciace rastu a déleni bunék
raznych tkani (esencidlni v
rastu plodu pred pocetim)

Insulator model-/gf2 cluster

Endoderm

Pat

Paternal CH; methyl imprint silences ICE and ncRNA; enhancers activate mRNAs.

IncRNA Model-Igfer cluster

Mat Q:s'c?zlr: —2
a Ic22a3  _ Slc22a2  Sic22ai

Maternal CH, methyl imprint silences ICE; mRNAs expressed.

Placenta

Air IncRNA silences three genes in cis.

Y |
Airn NC ¢ HY %

Barlow et?2014

Pat




Paternalni alelicka exprese Igf2 a Ins2 genu ve
vnitrnim zarodecném listu (endoderm)

* Paternalné exprimovana alela IGF2 nese methylacni signal na ICE
elementu, ktery tak neumoznuje vazbu CTCF proteinu a umoznuje,
aby enhancer (E) aktivoval expresi Ins2 a Igf2 genu-soucasné,
methylace ICE oblasti je rozSirena pro IncRNA (h19-NC) promotor,
tvorba IncRNA neprobiha

* Maternalni alela nema methylacni signal na ICE oblasti, CTCF protein
(obsahujici motiv zinkové prstu) se vaze na ICE a tvori insulator, ktery

brani enhancerum aktivovat expresi genu Ins2 a Igf2 a spousti expresi
IncRNA



Maternalni alelicka exprese Slc22a2-3 genu v
placenté (cluster Igf2r)

* Maternalni ICE element obsahuje methylacni signal, umlcCujici
promotor IncRNA (Airn NC), umoznuijici expresi genu Slc22a3, Slc22a2

a lgf2r
e Paternalni chromozom nema methylacni signal na ICE elementu,

dochazi proto k expresi INcRNA, ktera brani pristupu RNA Pol2 k
maternalné exprimovanym alelam a umlcuje Igf2r

* Na obou clusterech Igf2 a Igf2r DNA methylace umlcuje expresi
IncRNA a ma pozitivni vliv na expresi mRNA!



Evoluce genomickeho imprintingu
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105 MYA
Complex — Human
placentation 4 vie
180 MYA Eutheria
Viviparity and
placentation x| — Mouse
210 MYA
Lactation Metatheria
L. Marsupials
310 MYA
e Monotremes .‘
350 MYA [ |
Avians
Reptiles
Non-mammals
450 MYA
Amphibians
Fish

Sy

Evolution of eutherian-specific imprinting
E.g. PWS-AS, CLPG, XIC

Lineage-specific imprinting

E.qg. loss of IGF2R imprinting in primates,
gain of Frat3 imprinting in mouse

Random X inactivation

Proposed arrival of imprinting
E.g. IFG2, IGF2R, PEG1/MEST and
PEG10 imprinted

Paternal X inactivation

No evidence of imprinting
IGF2, IGR2R and UBE3A are
biallelically expressed

Capable of parthenogenesis

No evidence of imprinting
E.q.IGF2, IGR2R are biallelically
expressed in chicken and fish

TRENDS in Genetics

Hore et al. 2007



Dékuji za pozornost!
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