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Epigenetické monitorovaci markery u rostlin

Exprese genu dihydroflavonol reduktazy (DFR) je pozadovana ke tvorbé
tmavocCervenych kvétu, zatimco uml€ovani jeho promotoru dava vznik
variegovanému svétlému zbarveni — Petunia hybrida



Epigenetické monitorovaci markery u rostlin

Exprese genu chalkon syntazy (CHS)
vede ke tvorbe tmavych semen,
umliceni promoru CHS

zpusobuje svétlé zbarveni semen.

V kultivovanych varietach soje je
barva semen obvykle svétla diky
pfirozenému post-transkripcnimu
umlcovani CHS genu.

Céstedéna reverze nastava po infekci
rodiCovske rostliny virem nesoucim
PTGS supresor.
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Epigenetické monitorovaci markery u rostlin

Klasicky model Zea mays,
kukufrice:

Gen B1 odpovida za Cervenou
pigmentaci, rostliny s paramu-
tovanym B’ jsou zelené.

Klasy se segreguijici inzerci
transpozonu Spm v genu B-Peru
pozadovaném pro antokyanovy
pigment. Cervena zrna jsou _ v SIS
revertanty, ve kterych je Spm e ‘*
. , »* ’,’,h'
Z genu excizovan.
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Epigenetické
monitorovaci
markery u rostlin

Klasicky model tabak,
Nicotiana tabacum:

(a) Polomstvo ziskané samoopylenim rostliny tabdku
(Nicotana rabacum), do kieré byl vaesen neomycinfosfotransferi-
zovy gen (npll) z Escherichia coli, navozujfci rezistenci ke kana-
mycinu. Semendcky rostouci na syntetickém médiu s kanamycinem
segregujf na kanamycin-rezistentni a kanamycin-senzitivai rostliny

v mendehstickém statustickém poméru 3:1. U senzitivaich rosthin

se efekt kanamycinu projevuje retardovanym vyvojem, blokovinim

syntézy chlorofylu a pozdéjif letalitou na drovni vyvinu déloZnich
listkt (tyto rosthinky jsou oznaéeny Sipkami). (b) Biochemické sta-
noveni enzymu neomycinfosfotransferizy v transgennich rostlindch
tabdku. Proteinové extrakty z rosthn jsou elektroforeticky separo
viny v akrylamidovém gelu a na ném je in site provedena | sendvi-
covi" reakce za pHilomnosti substritu (kanamycinu) a donoru fos N PTI I
fitovych skupin (“P-koncové znateného adenozintrifosfiw, ATP) - . .

Vysledny produkt. fosforylovany kanamycin, oznaceny Sipkou, je
vizualizovan autoradiograficky na rentgenovém filmu. Vzorek
v drize Cislo 1 je negativni kontrola (normdlni tabdk), transgenni
vzorky ¢islo 2 a 5 mayf vysokou hladinu enzymu, vzorek éislo 3 je
velmi slabé pozitivni a vzorek v draze ¢islo 4 enzym neobsahoval
(zjevné doile k ,umideni™ transgenu)
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Cyklicka aktivita transpozonu



DNA metyltransferazy zajistuji stabilitu genomu
inaktivaci parazitickych mobilnich elementu
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Barbara McClintock Nina Fedoroff ROb Martienssen Tim Bestor
(1902-1992) (Pennsylvania 1993) (Cold Spring 2001) (NY 1998)
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Vliv transpozonu na genovou expresi (prilehlych oblasti chromozomu)

— BN

Ektopicka inaktivace dihydroflavonol-reduktazového genu (Sifeni metylaéniho uml€ovani)
z transpozonu MuLE (bilé sektory v koruné Ipomea purpurea, povojnik, svlaccovité)

ﬁ
metylace

hcf106 rm—

Ektopicka aktivace metastabilnich epialel pro svétlié skvrny (hcf109) a nekrotické leze (les28)
zpusobena aktivnim Mutatorovym transpozonem



1st generation

2nd generation

Wild type
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An siRNA pathway prevents transgenerational
retrotransposition in plants subjected to stress
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Paramutace



PARAMUTACE

i (ne) stabilné dédicné alelické interakce
i paramutagenni  paramutovatelnd  paramutagenni
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Interalelické komunikace
v lokusu b1l u kukurice

paramutagenni alela B’
slaba exprese

paramutovatelna alela B-I
silna exprese

B’ +B-/
/L I’;B B-1—{lE /L |—>

metylovana ——/ para 7/

) —x

repetice 100 kb nlutace ~o0kp!
e »=>->->~>>| nemetylovana repetice
3 5
3 _
S X S
Mop1, O‘Q\o\ og\e\
RNA-dependentni
RNA polymeraza
POy /f KUB’/B’* Y , ,
o516 B * = paramutovana alela B
"
/s I'To B'/B B'/B’* B*/B’ B*B"™*
——/




ATG
I?I i Ifl

standardni alela Kit (tyrosin kinazovy receptor)
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inzeréni mutageneze s reportérem
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Paramutace funguji i u mysi ?



aramutable
ossibilities

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

Vol 441|125 May 2006/doi10.1038/nature 04674 namre

RNA-mediated non-mendelian inheritance
of an epigenetic change in the mouse

Minoo Rassoulzadegan!?, Valérie Grandjean'?, Pierre Gounon®, Stéphane Vincent!?+, Isabelle Gillo
& Francois Cuzin'?

12

Paramutation is a heritable epigenetic modification induced in plants by cross-talk between allelic loci. Here we report a
similar modification of the mouse Kit gene in the progeny of heterozygotes with the null mutant Kit ™A% (a tacZ
insertion). In spite of a homozygous wild-type genotype, their offspring maintain, to a variable extent, the white spots
characteristic of Kit mutant animals. Efficiently inherited from either male or female parents, the modified phenotype
results from a decrease in Kit messenger RNA levels with the accumulation of non-polyadenylated RNA molecules of
abnormal sizes. Sustained transcriptional activity at the postmeiotic stages—at which time the gene is normally silent—
leads to the accumulation of RNA in spermatozoa. Micrainjection into fertilized eggs either of total RNA Fram Kit tm1Af/
heterazygotes or of Kit-specific microRNAs induced a heritable white tail phenotype. Our results identify an unexpected
mode of epigenetic inheritance associated with the zygotic transfer of RMA molecules.

Aberrant Kit
mRNA




Nukleolarni dominace



Jadérkova dominance
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HOME August 22, 2008

Arabidopsis thaliana x A. arenosa = A. suecica

In hybrids, genes inherited from both parents are typically expressed, producing intermediate
phenotypes for characters such as flower or leaf morphology. This is true for Arabidopsis thaliana
{A.t.), Arabidopsis arenosa (A.a) and their hybrid, Arabidopsis suecica (A.s.), as shown at the top left
corner of this page. However, some genes are expressed from the chromosomes inherited from
only one parent. An example is nucleolar dominance, an epigenetic phenomenon in hybrids which
describes the formation of
a nucleolus (or nucleoli) on

A thaliana A arenosa the chromosomes inherited
from only one of the
Sbaci: X - o e SN - progenitors, regardless of
s FRNA Em;,c1i*;_ﬂ’“ T RN it = whether that progenitor

was the maternal or the
Y paternal parent. Nucleolar

Hybrid A+H " dominance occurs in both
hybrid " DR _aktlxm rDNA the plant and animal
A. suecica Jen A. arenosa kingdoms and is due to the
rRNA gemes repressed expression of only one

parental set of rRNA genes.



Nukleolarni dominance je zplisobovana mechanizmy metylace DNA a modifikaci histonti

Further study has shown that rRNA
gene silencing involves concerted
changes in DNA methylation and
histone modification and we have
proposed a model whereby DNA and
histone modifications are each
upstream of ohe anotherin a
self-reinforcing, circular pathway.
A. thaliarna probe — Changes in DNA methylation,
histone acetylation and histone
methylation are critical to the on-off
A. arernosa probe — switch mechanism that controls the
nhumber of active rRNA genes, both
in hybrids displaying nucleolar
dominance and in non-hybrids that regulate the effective dosage of their rENA genes in response
to the physiological needs of the cell.
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Transurigsnl 2 pusktransirigsni wnlsw:ani
(TGS and PTGI)
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PostTranskripCni genové umlcovani
a RNA interference - spojitost ?

David Marjori
Baulcombe Matzke
(Norwich) (Vienna)

,PostTranskripCni genoveé umiCovani se vyskytuje u
rostlin a hub transformovanych cizi nebo
endogenni DNA a ma nasledek v redukované
akumulaci RNA molekul se sekvencni podobnosti k
introdukované molekule nukleové kyseliny.”

Hamilton and Baulcombe, Science 286: 952, 1999



CORRESPONDENCE

©2006 Nature Publishing Group

RNAiNobel ignores vital
groundwork on plants

SIR — The Nobel prize, by recognizing

the individuals behind breakthroughs,
inspires all scientists to do great science.

The discovery of RNA interference (RINAI)
changed the face of gene regulation, a feat
deservedly recognized with this year’s Nobel
Prize in Physiology or Medicine',

As undergraduates, we witnessed with
great excitement the discovery of gene
silencing. At that time, almostall research
in that area was being conducted by plant
scientists, and as young plant biologists we
were lucky to have front-row seats to this
molecular drama.

Like all great advances, RNAi is turning out
to be important in ways that could not have
been guessed atevena decade ago. Therefore
we were not surprised to discover that the
topic was selected for this year's honour —
but we were shocked that the plant scientists
who were so crucial in discovering and
communicating the underlying mechanism
of RNAi were not awarded a share.

umliéena
chalkon
syntaza

RNA silencing in petunia.
The petunia plant was transformed with
an additional copy of a gene (chalcone
synthase) required for pigment
production. The transgene activated
RNA silencing so that expression of
both the transgene and the endogenous
gene was suppressed. The flowers
would normally have been purple.

_~aktivni
chalkon
syntaza




klonovani genu transformace do agrobakteria,
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zména fenotypu zplGsobena _Iniekee

umléenim homologni mRNA

Metoda VIGS (= virus-induced gene silencing)
jako nastroj ke studiu funkce rostlinnych gent



primarni transformace L N — i
agrobakterialnim vektorem Lo KanR}"” 35S | GQIFP |os

Y/
Q) ()
injekce agrobakteria "’ Q % obranna reakce rostliny (RNAI),
s virovou a GFP "‘ i Y posttranskripcni umlCovani
sekvenci DNA transgenu

systémové Sireni
virové sekvence

UMLCOVANI TRANSGENU SEKUNDARNI AGROINFEKCI S VIROVYM VEKTOREM

rostlina po posttranskripénim

pUvodni trans-
umlceni transgenu GFP

genni rostlina
exprimujici
zelené
fluoreskujici
protein

Nicotiana benthamiana




obracené DNA

MECHANISMY RNA repetice

INTERFERENCE
U ROSTLIN
(hlavné posttranskripéni -\ aberantni RNA,
- - - C VIrovassRNA
umlCovani, ale téz transkripcni): ) \ W\lxift?:ukﬁ;/?n ifgﬂfte”)ra
exogenni dsRNA

MiRNA jsou sSRNA obvykle

- . , . . . RNA-dependentni RNA
endogenniho puvodu, zavisle polymeraza tvori dsRNA
na RDRP a funguiji jako pfirozene
supresory translace na bazi ¢aste¢né
homologie s mRNA.

SIRNA jsou dsRNA, u rostlin odpovidaji -

za obranu vaéi viram, i Dicer Stépi dSRNA na

vew s v , AAY kratSi fragmenty (si-dsRNA)
stepi perfektné homologni an

mRNA sekvence. A T

DNA metylace a suprese transkripce ~~ small interfering sSSRNA
pozorovany RNA-induced silencing

complex (RISC; Argonaut)

potlacuje translaci ok ,
nebo stépi MRNA MRNA substrat

u transgenu



Epigeneticke mechanismy u rostlin

Uvod — srovnani rostlin a zivoéich
Klasické epigenetické systémy:
transpozony, paramutace, nikleolarni
dominance

Transgeny a viry zprostredkované
umlicovani genu

olgeratia ve vYvojovior orocaesacrh)



Meioticky prenos epigenetickeho stavu (fenotypu)
aneb environmentalni indukce dedichych zmeén

- genotrofy u Inu (vliv podnebi a hnojeni na vetveni)
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- Gagea lutea (Liliaceae)
krivatec zluty
model studia tetrasporického
zarodecného vaku (Fritillaria),
endospermu a fakultativnino

heterochromatinu
5n =180




Vernalizace



Meioticky NEprenaseny epigeneticky
stav ovlivheny prostredim - vernalizace

Winter annual Winter annual
w/o vernalization w/ vernalization

Summer annual

Flowering behavior of summer- and winter-annual types of Arabidopsis thaliana.
{a) Summer-annual types of Arabidopsis flower rapidly without
vernalization treatment. In contrast, winter-annual types, which have functional FR/ and FLC alleles,

{b) flower very late without vernalization and
(c) flower rapidly, like a summer annual, if vemalized.




Metylace DNA a Fizeni kvétnich procesu

fwa-1 mutant (dominant) Wild type

‘ M MMMMMMMMM =
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FWA gene unmethylated and overexpressed. FWA gene methylated and silenced.



Katastralni gen SUPERMAN

clark kent hypermetylovana
alela genu SUP

standardni alela genu SUP
(nemetylovana)

genomove (sifiCitanoveé) sekvenovani



Proteiny POLYCOMB



gametofvytu

Ulohy komplexii

= POLYCOMB PEES im
v Zivotnim cyklu
rostlin

vernalizace

oplozeni




Proteiny skupiny POLYCOMB

- jsou antagonisty (represory) homeotickych
genu s homeoboxem ¢i MADS doménou

- specifikuji misto Ucinku homeotickych
transkripénich faktord

Justin Goodrich

Arabidopsis CURLY LEAF versus AGAMOUS (Edinburgh)

) s

listy
wild-typu

listy mutace clf :
ektopicka
exprese kvétniho
genu AG




Parentalni imprinting u rostlin : maternalni efekt genu

Ueli Grossniklaus
(Zurich 1998)

... pohadka o Otesankovi,
aneb infanticida



udrzovaci metylace DNA
-

umic¢eny gen MEDEA

® ® @& | Paternal ® ® ® |Paternal | spermie
dvoji oplozeni
vaje€¢na bunka centralni bunka
® @ 8| Matenal | [® ® @] Maternal | Samici
gamety
DEMETER )
demetylaza
zalozeni exprese MEDEA v endospermu
LA ‘Maternal
® & » |
embryo <«— i Q} ® ® & | Paternal
QiFf Endosperm

Irreversibilni demetylace genu MEDEA
v samicim gametofytu Arabidopsis
(konvergentni evoluce se savéim imprintingem)
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ridi materndini expresi genu

Steve Jacobsen
(UCLA 2002)

exprese
OME

v centralni
bunce
samic¢tho
gametofytu
(DNA glykosylaza?)




Imprintované geny u rostlin

Gen druh exprese mechanismus funkce
MEDEA Arabidopsis maternalni Polycomb remodelovani chromatinu
PHERES1 Arabidopsis paternalni Polycomb transkripcni faktor
FWA Arabidopsis maternalni  DNA-metyltransferaza transkripCni faktor
FIS2 Arabidopsis maternalni  DNA-metyltransferaza remodelovani chromatinu
FIE Arabidopsis maternalni ? remodelovani chromatinu
AGL80 Arabidopsis maternalni ? transkripCni faktor
AtFH5 Arabidopsis maternalni ? regulace aktinu
FIE1 kukurice maternalni  DNA-metyltransferaza remodelovani chromatinu
FIE2 kukurice maternalni  DNA-metyltransferaza remodelovani chromatinu
R kukurice maternalni ? syntéza pigmentu

... Oidipovsky komplex



