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Epigenetics defines cellular identity

Each cell contains the

same DNA
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Different patterns of gene expression
determine extremly different structures

Epigenetics
Eplzenetics Regulation: the sime set of genes but with

expressions [structares) of those oenes durine different
life slapes
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Epigenetic mechanisms

Modifications of DNA molecule and histone tails (Arg, Lys)

by acetylation, methylation, phosphorylation, ubiqui‘rir;a’rion.
sumoylation, addition o f GlcNac
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Histone code - defines open or repressed
chromatin state



Epigenetic information at the chromatin level....
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Transcription factor

Active histone modification
(Hyperacethylation, H3K4 methylation, etc.)
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Repressive histone modification
(Hypocethvylation, H3K9 methylation, etc.
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Epigenetic cell memory
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* Inheritance of the epigenetic information
during mitosis (DNA replication)

» Inheritance of epigenetic information
through gametes during meiosis -
TRANSGENERATIONAL EPIGENETIC
INHERITANCE



Epigenetic cell memory

* Inheritance of the epigenetic information
during mitosis (DNA replication)

» Inheritance of epigenetic information
through gametes during meiosis -
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Interindividual epigenetic variability

Fraga et al. (2005) PNAS: Epigenetic differences arise during the
lifetime of monozygotic twins.
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« The amount of differences is proportional o the degree of intra-pair lifestyle
dissimilarity: age and environment largely influence epigenetic differences

« Contribution of the epigenotype to the phenotypic manifestation of the
inherited genotype



Two waves of epigenetic
reprogramming in mammals

DNA methylation
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Epigenetic reprogramming in plants
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SOMATIC PROPAGATION

~ polyploidy Pomnhvte (2n)

PLANTS HAVE SPECIFIC e KN
LIFE STYLE AND SPECIFICS
EPIGENETICS
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A, thaliana DRM2
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Plant mutants for epigenetic effectors

Columbia Columbia
MET1 met1-1






Involvement of TGS and PTGS in stress
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Meihylaied DNA

RNA directed DNA methylation W

(RADM)

« 30% of cytosines in Arabidopsis genome is

dependent on the RNA-depended silencing pathway
* PolIV and PolV - specific for plants (involved in

DNA methylation)

« Involved in silencing of ME, gene regulation and

STRESS SIGNALING
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Overlap between plant stress signaling and
epigenetic mechanisms (RdAMD involving ncRNAs)

A B + Hae lll - Hae Il H3K4me3 H3K9ac
Col-0 ocpl Col-0 ocpt
5 18 1 0 4
£ 16 1 9
il fﬂ°‘"’°’ 'ﬂ*’“‘? Gl
A Ow 312 ;
i © 10 -
CQ E.% Qﬁ GGQ § g - 5
B. cinerea g 6 - ;
E £
3 SUPERMAI 3 4] 2
55 w2 1 i
E 0 0
b P cucumerina - + -+ -+ -+ -+ -+ -+
S o & o &
PR-1 PDF-1.2a PR-1 PDF-1.2a

Arabidopsis mutant for NRPD2 gene - constitutive expression for salicil acid
Mechanistical link between stress signaling and RAMD

RAMD mutant plants have compromised imune response to pathogene fungi
Overlap between stress signaling using plant hormons and epigenetic
mechanisms (RdADM) involving action of ncRNAs



Plant epi-mutants
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Epialeles or genetic mutation?
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Current Opinion in Plant Biokogy

Durand et al. 2012 Curr Biol

Table 1. Incompatibility and AfFOLT1 Expression in 24 Segregating

Populations
Segregating

Geographical Population  AtFOLT AtFOLT1
Accession Origin (x Col-0) Incompatibility Expression
Bla-1 Spain RIL - +
Blh-1 Czech RIL - +

Republic
Bur-0 Ireland RIL - +
Can-0 Canary RIL - +

Islands
Ct-1 ltaly RIL - +
Cvi-0 Cape Verde RIL - +

Islands
Dja-1 Kyrgyzstan F2 - +
Ge-0 Switzerland RIL - +
Ishikawa  Japan F2 - +
Ita-0 Morocco RIL - +
Jea France RIL - +
Kar-1 Kyrgyzstan F2 + -
Kyr-1 Kyrgyzstan F2 + -
Ler Poland F2 - +
Ms-0 Russia F2 + -
Nok-1 Metherlands  RIL - +
Oy-0 Norway RIL - +
Ri-0 Canada RIL - +
Rid-2 Russia F2 + -
Sakata Japan F2 - +
Sus-1 Kyrgyzstan F2 - +
Tsu-0 Japan RIL - +
Yo-0 usa RIL - +
Zal-1 Kyrgyzstan F2 + -

Rapid establishment of genetic incompatibility through natural epigenetic variation



Epialleles in adaptation and evolution

NEO-LAMARCKISM and EPIGENETICS: "SOFT-INHERITANCE"

 Lamarck

- Trofim Lyscenko
- Conrad WGddiﬂngﬂ - intrinsic d}/ﬂam/‘C.S' Of EVA JABLONKA AND MARION J. LAMB
development - the "epigenetic landscape” is the
real source of novel non-random variations for || Dl (63O DUN (6
evolution NHERITANCE

EVOLUTION

THE LAMARCKIAN DIMENSION

e Environment can induce stable change of epigenetic
state in a genome - the molecular mechanism that
enables environment to have permanent biological
efect

WHAT ABOUT NATURAL POPULATISS




Analysis of global genome
methylation

* Methods based on differential
sensitivity of restriction enzymes

(isoshizomeres) such as Mspl/Hpall to
methylation : MSAP (methylation

sensitive amplified polymorphism)



MSAP = Methylation Sensitive Amplified
Polymorphism

Methylation event Sequence Hpall Mepl
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Epigenetic change as a long term strategy in
plant adaptation

Rlode Janeiro Stat
Sepetiba Bay
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Environmental allopatry through epigenetic changes

D. ebudensis
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 Alloplyploid Dactylorhiza sibling species -

hybridisation and polyploydisation in evolutionary

history

* Morphological similarities and highly similar
genetic constitution (AFLP)

 Epigenetic differences (MSAP) provoked by
genome duplication
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Environmental allopatry through epigenetic changes

D. ebudensis
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« Epigenetic differences (MSAP) provoked by

genome duplication
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achieved by epigenetic effects that modulate gene
expression (cCDNA- AFLP) under environmental influence.




Epigenetic view of the genetic bottleneck

« Interspecies hybridisation and polyploidisation
provoke genomic distruption and genomic shock

which have effect of genetic bottleneck A A
* Promotion and fixation of new phenotypic
variants in small populations . tee 2o
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Epigenetic variation contributes to evolution
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In this view, a bottleneck could provide the stimulus for evolutionary
novelty, mediated by epigenetic response to genomic stress/ecological
upheaval, where new phenotypic variability can rapidly be achieved and
fixed within a population.



Interaction of genome, epigenome and
transcriptome diversity in response to changed
environment in creation of phenotype

Epigenomic Genomic
variation polymorphisms
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Plasticity and dynamics of plant (epi)genomes



Epigenetic phenomena in natural variation
and microevolution in Salvia species

3 croatian endemic salvia species: S. officinalis
L., S. brachyodon Vandas, S. x auriculata Mill.

S. x auriculata Mill. (hybrid between 5.
officinalisL. and S. fruticosa) - Vis

Each collection site will be geocoded with high
precision by 6GPS and abiotic factors will be
generated by GIS

Variables - altitude, slope, exposition (min, max,
mean for each variable) will be determined
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Ongoing studies

Genetic (AFLP) versus epienetic diversity (MSAP)

S. officinalis L. - widely distributed along
eastern Adriatic cost

S. brachyodon Vandas - genetic bottleneck,
steoendemic plant with very narrow range size
(Mount Ilija, Peljesac, and Mount Orijen,
Montenegro)

S. x auriculata Mill - hybridisation events, Vis is
the only site of appearance

Informative epialleles - estimation of methylation
level by pyrosequencing



Allele 1 (methylated) Allele 2 (unmethylated)
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