H OuvauIkn TNC ETTIVEVETIKNG OTN
BEATILWON PUTWV: EPAPHOYEC Kal
TTPOKANOEIC



H eMLYyEVETIKN ONUOLVEL KUPLOAEKTLKOL
«TIAVW» N «TIOVW OTTO» TN YEVETLKN.

MNopamepneL o€ EEWTEPLKEC

ET[LVEVE'ELKﬁ TpoTonoLioelc 6to DNA mou
puBuilouv ta yovidla “on" n “off".

AUTEC OL TPOTTOTIOLNOELC OEV
aAAalouv tnv aAAnAouyia DNA,

aAAa emnpealouv TO MWC Ta KUTTOPA
SdtaBalouv ta yovidLa.




EPIGENETICS

Epigenetics literally means "above" or "on top of" genetics. It refers
to external modifications to DNA that turn genes "on" or "off."
These modifications do not change the DNA sequence, but instead,
they affect how cells "read" genes.

The term epigenetics refers to heritable changes in gene expression
that does not involve changes to the underlying DNA sequence; a
change in phenotype without a change in genotype.



ETLYyEVETIKN

O OpOC ETYEVETLKN avapEPETOL OF
KANPOVOUNOLULEC AAAOYEC OTNV EKPpaoN
yoviSiwv

AuTtoO dev cuvemnayetol aAAQYEC OTNV
uTtokeipevn aAAnAovyio DNA. Mua aAAayn
dawvotumou xwpic aAlayn yovotumou Riggs
et al. (1996).

H LEAETN TWV UITWTIKWY N LELWTLKWV
KANPOVOULOLHWVY aAAaywV otn Aettoupyla

TwV yovidiwv rou Sev pumopouv va
e€nynOouv armo tic aA\ayEG otnVv
aAAnAouyio DNA




* Riggs et al. (1996)
The study of
mitotically or
meiotically heritable

changes in gene
function that cannot
be explained by
changes in DNA
sequence.

* Heritable changes
on gene expression




loTopLa

ANopapk (1744-1829)

O pnxoviopog touv Lamarck ya
NV €€EALEN eival n
KAnpovounon twv
amokKTNOEVTWY

XOLPOLKTN PLOTLKWV.

Motevel OTL Ta yvwplopata
nou aAAaéav A amoktABnKov
Katd tn dtapketa tnNS {wng
EVOC atopou Ba urnopouvoav
va petadepBouUv oTtoug
aTtoyovou¢ Tou.

Conrad Waddington

To (1942) dnuovpynoe tov
opo "emyevetiko". Eivaul
YVWOTOC WC TTATEPAC TNG
ETILYEVETIKNAC



History

Lamarck

Lamarck's mechanism for
evolution is The inheritance
of acquired traits.

He believed that traits
altered or acquired over an
individual's lifetime could
be transferred down to its
offspring.

Conrad Waddington

Conrad Waddington (1942)
coined the term,
“epigenetic”. He is known as
father of epigenetics.

Pioneering work by
Waddington also
demonstrated compelling
evidence for inheritance of
a acquired characteristic

in drosophila fruit flies.



[Mwc AELITOUPYEL N ETMLYEVETLKN

Genetic
change

Normal DNA AAGTCCGAGCCT

l

Mutated ONA  AAGTCCTAGCCT

Epigenetic
change

AAGTCCGAGCCT Unmethylated DNA

l

D —

ol

AAGTCCGAGCCT Methylated DNA




Epigenetic gene regulation:
Involved in many different biological process in plants

MeTa@opa aruaTog
OpMUOVWYV

pwToouvOeon

TTPOCANYN PWTO

N & S agpouoiwon ATTOKpiOEIG O€ PBIOTIK

2.UvBeon opuovwyv MeTa@opd apuAou

Xpovog avlnong MeTOBOAIOUOC CAKXAPWYV
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Epigenetic gene regulation:
Involved in many different biological process in plants

Transduction of
hormone signal

Cell elongation

Abiotic/biotic stress
responses

N & S assimilation

Hormone synthesis Starch transfer

Time of flowering Sugar metabolism




MopLokoL ETTLYEVETLKOL
LLNXQVIOUOL

Molecular epigenetic
mechanisms



DNA packaging (cvuokeuvaoia DNA)

Nucleasome “bead”
(8 histone molecules +
14§ base pairs of DNA)

Matouk and Marsden, 2008.



 To DNA otn xpwpuativn
£lvoll CUOKEUAOMEVO YUPW
Qo TIPWTELVEC LOTOVNC, OF
novadec nov avadepovol
WC VOUKAEOCWHLOLTAL.

* Eva voukAeoowpa
aroteAeital amno 147 bp
DNA 1tou oxetiletal pe
EVOLV OKTOLLLEPLKO TTUPNVA
NMPWTIEVWV LOTOVNC,
arnoteAovpevo amno dvo
H3-H4 Sipepn Lotovng Ko
rniepBailovtat amno Vo
H2A-H2B dwuepn.




» DNA in chromatin is packaged around
histone proteins, in units referred to as
nucleosomes.

» A nucleosome has 147 bp of DNA
associated with an octameric core of
histone proteins, consisting of two H3-

H4 histone dimers surrounded by two
H2A-H2B dimers.

» N-terminal histone tails protrude from
nucleosomes into the nuclear lumen.

» Nucleosome spacing  determines
chromatin structure which can be
broadly divided into heterochromatin
and euchromatin.

Nucieosome “Beads on a String”
( § Histone molecules +

147 base-pairs of DNA )




* N-TEAKEC OUPEC LOTOVNC
npoeéexouv amo ta
VOUKAEOOWMOTO OTOV
nupnva.

* H amootaon Twv
VOUKAEOCWHATWYV
npoodlopilel tn SouNn NG
XpWHATIVNC TTOU UTTOPEL vaL
elvall EVPEWC SLaLpoUpEVN
O€ ETEPOYPWMOTLVN KO
EVXPWHLATLVN.




Erttyevetikol Mnyaviopot

MeBuAiwon DNA

2. TPOTIOTIOLNOELG
LoTOVNG

e AKETUALWON
e MeBuAiwon
e PwodopuAiwon,

3. MoapepPoon peocw
SlapeocoAapPnonc amo

to RNA (RNA-mediated
interference)




1. DNA methylation

2. Histone modifications
» Acetylation

* Methylation

* Phosphorylation,

3. RNA mediated
interference




cytosine

EUKARYOTIC METHYLATION

5-methylcytosine

‘6
*

Cytosine methyltransferase >

“CpG Island”
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DNA
methylation

H kataotaAtiki puon twv 5mC Bewpeitat otL
niapepnodilel tn 6éopevon tou DNA pe MopAyoVvTEC
netaypadnc N tnv mpocAnPn emumpocbetTwyv
NMPWTEVWV XpWHATIVNC YLA TO OXNUATIONO
ETEPOYPWHULKWV KATAOTAOEWYV TIOU ELvVaL ATIPOCLTEG YL

netaypadr

YTo puTA N KUTOoOoivn propei va peBuALwBEeL og Beoelg
CpG, CpHpG, kat CpHpH o6mou 1o H avtutpoownevel
omolodrmote VoukAgoTidlo.

To 24 €w¢ 30% twv BAacewv KUTOGivNG oTo Yovidiwua

Twv putwv Ppiloketal o HeOUALWUEVN KATAOTAON.




= The repressive nature of 5SmC is thought to inhibit the
binding of DNA by transcription factors or to recruit
additional chromatin proteins to form heterochromatic
state that 1s inaccessible for transcription

=DNA methylation in mammals mainly occurs on the
cytosine nucleotide in a CpG site.

= [n plants the cytosine can be methylated at CpG, CpHpG,
and CpHpH sites, where H represents any nucleotide.

=24 to 30% of cytosine base in plants genome 1s found to
be methylated.



MeBuAiwon
TWV
HeToOeTWV
OTOLELWV
(TE-
transposable
elements)

H aAAnAouxion o€ emnimedo
YOVLIOLWHLATOC atoKAAUPE OTL T
TE kot aA\a emavaAappovopevo
oTolyEla armoteAOUV HeEYAAO
TTOCOOTO TWV TIEPLOCOTEPWV
EUKOPUWTLKWY YOVLOLWLOTWV.

OL EVKAPUWTLKOL OPYQVLOLLOL EXOUV
QVATITUEEL LNXOLVLIOMOUC VLo val
OlWTINOOUV KOl aKLVvnTomolouvta
TE, onwc mapefoAny RNA ko
ETILYEVETLKN LEBUALwon DNA.




/ Transcription

__ﬂ =}
TE

Insertion
__m A—

Transcription

m ’/x/ Inhibition

Promoter [l TE 3 DNA
methylation

Gene -~ siRNA




ATtooLwninon HETAOETWY OTOLXELWV

After one  After three After five
Wild-type generation generations generations

MeTaAayparta yeBUAOTPAVOPEPACNC CUCCWPEUOUV TIC METOAANALEIC TTOU
TTPOKOAOUVTAI ATTO TNV AEITOUPYIQ TWV PMETABETWYV OTOIXEIWV ATTO YEVIA O€ YEVIA

Kakutani, 1996



> PLoS One. 2019 Oct 9;14(10):e0223581. doi: 10.1371/journal.pone.0223581. eCollection 2019.

Identification of DNA methyltransferases and
demethylases in Solanum melongena L., and their
transcription dynamics during fruit development and
after salt and drought stresses

Andrea Moglia T Silvia Gianoglio T Alberto Acquadro T Danila Valentino 7, Anna Maria Milani 7,

Sergio Lanteri !, Cinzia Comino '



Conclusions

* We report on the identification of six C5-MTases and five
DNA demethylases in eggplant, whose genomic structure
and genomic localization have also been achieved.
Differential transcript abundance of C5-MTase and DNA
demethylase genes highlights their involvement in
regulating fruit ripening and salt and drought stress
response, providing a starting framework for supporting
future epigenetic studies in the species.

* Thanks to the ongoing development of the CRISPR/Cas9
system in eggplant, our future goal will be to perform

* the functional characterization of key isolated C5-MTases
and DNA demethylases.



SCIENTIFIC REPg}RTS

OFEN Transcript profile analysis reveals
iImportant roles of jasmonic acid
signalling pathway in the response

s s OF SWeet potato to salt stress

Pubystied: 13 lanusey 2017 2 Hunn Zhang, Qian Zhang, Hong Zhai, Yan Li, Xiangfeng Wang, Qingchang Liu & Shaozhen He



Figure 8. Model of the regulatory networks activated in response to salt stress in ND98.

Both key demethylation-related genes, namely DNA demethylases
demeter-like protein (IbDML3) and DNA repressor of silencing 1 (IbROS1),
exhibited higher expression levels in ND98
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Cold acclimation alters DNA methylation patterns and
confers tolerance to heat and increases growth rate in
Brassica rapa

Tongkun Liu, Ying Li, Weike Duan, Feiyi Huang and Xilin Hou*

Department of Horticulture, Nanjing Agricultural University, Nanjing, China

* Correspondence: hxl@njau.edu.cn




Report

BramMDH1, BraKAT2, BraSHM4, and Bra4CL2, were
identified in CA plants. Genetic validation and treatment of
B. rapa with 5-aza-2-deoxycytidine (Aza) suggested that
promoter demethylation of four candidate genes increased
their transcriptional activities.

Physiological analysis suggested that elevated heat-
tolerance and high growth rate were closely related to
increases in organic acids and photosynthesis, respectively.

Functional analyses demonstrated that the candidate gene
BramMDH1 (mMDH: mitochondrial malate dehydrogenase)
directly enhances organic acids and photosynthesis to
increase heat tolerance and growth rate in Arabidopsis



AmoteAeopata

* H avaluon puoloAoylkwv MapapeTpwy €6LEE OTL
n avénuevn avroxn otic uPnAeg Bepuokpaoieg
Kot 0 uPnNAOC puBuoC avamtuénc oxetilovtal
OTEVA HE TLC AUENOELC OTLC CUYKEVIPWOELG
OpYAVIKWV 0EEWV Kol TN dwtoouvOeon,
avtiotoLya, AELTOUPYLEG TTOU EAEYXOVTAL OTEVA
aro ta yovidla tnc owkoyeveloc BramMDH
(MMDH: mitochondrial malate
dehydrogenase)(amnoueBuliwon Tou umokwntN

HEow (aza)-avénon petaypadrnpatod) .



Cold acclimation and heat tolerance




TPOTOTMOLNOELC LOTOVWV

* JTOUC EUKOPUWTLKOUC opyaviopouc, to DNA
nepLeEAlooETOL YUPW ATIO TIC TIPWTELVEC KOl
dnuULoupyeL vVoukAEoowpaTAL.

* To voukAeoowpa amoteAel tTn Baoikn povada
NG Xpwpativng.

' 8 histones:
2 each H2A

H2B
~ 147 bp DNA + H3

H4



TPOTOTMOLNOELC LOTOVWV

H xpwpativn pmopet va eivat oAU odytd cUoKEVAOMEVN N XoAapd
OUOKEUOQOLLEVN KOL OUTO CcUOXETL(ETAL PE Ta eTtimeda EkPpaong TOU
yovibiou.

OL TPOTIOTIOLNOELG OTLC TIPWTEIVEC TNC LOTOVNG emnpedlouv tn doun
NG XpwHativng

ETspoxpwpaTivr] Euxpwparivn
= Highly packed form = Loosely packed form

XapnAn yovidlakr) €Kgpaon YwnAn yovidiakr ékgpaon



Tpomomnoinon LoTovwy

Ot LoTtOVEC AoLTtov €ival ta : : i
KUPLOL TEPWTEIVLKG. GUCTATIKA Histone tails can be modifiet

NG XPWHOTLVNG, TIOU

AELToupyoUV WC KApoUALX YUPpW

aro ta onoia TUAlyetal to DNA e
KoL rtoil{ouvv poAo otn yovidlakn

puBuLON.

Ot tportomnolnoeLg epdavicoval K
KUPLWG OTLG OUPEG TNG LOTOVNG = %
LE TPELG LOPBEG: -
MeBuliwon
AkeTUAiwon N
DQwodopuliwon



140

2. Histone modification

» They are the chief protein components
of chromatin, acting as spools around  Histone tails can be modified
which DNA winds, and playing a role s
1n gene regulation. |

Histone modifications occur primarily
on histone tails by three methods-

Methylation
Acetylation

P l] O Sp 1] Ory 1 a ti on http://www.discoveryandinnovation.com/lecturei8.html



MeBuAlwaon Lotovwy

Ta ev{upa tou artotovvtal:

KMT- Lysine methyl
transferase, Histone
methytransferases

H pebuAiwon pmopet va
oONynNoEeL o€ evepyoTmoinon
N TNV KOTOLOTOAN TWV
yovibilwv.

2uvnBwcg, H3K9me2 kat
H3K9me3 pelwon tng
yovLOLaKNC EKDPAONG, EVW
H3K4mel, H3K36me3 umnep-
ekbpaon yovidiov otoyou.

Mono-methyl  Dimethyllysine  Trimethyl lysine
lysine



a. Histone Methylation

» Enzyme required

o Histone methytransferases (HMTs) A

KMT- Lysine methyl transferase

H,
» Methylation can result 1n activation sy

or repression of genes. OH

Lysine  Mono-methyl  Dimethyllysine  Trimethyl ysine

lysine
» Typically, H3K9me2 and H3K9me3 :
downregulate gene expression, while
H3K4mel, H3K36me3 upregulate
target gene expression.

Lysine methylation



AKETUALWON Kol ATtO-AKETUALWON TNC
LOTOVNC

AKETUALWON LOTOVNC
— Histone acetyl transferases (HATSs)
MpocOETOUV OKETUAOUAOEC OTLG OUPEC TWV LOTOVWV

Melwvouv to Betiko dpoptio KL e€aoBevouv tnv aAAnAenidpaon Twv
LoTovwyv pe To DNA

AteukoAUvouv tn petaypadn kavovtag to DNA neplocotepo
TPOCLTO OTNV

RNA polymerase |l

ATTOKETUALWON LOTOVWV

— Histone deacetylases (HDACs)

ATIOLOAKPUVOUV OLKETUAO OUAOEC ATTO TLC OUPEC TWV LOTOVWV
Auédavouv tnv aAAnAentidpaon DNA kol LoTovwy
KataotéAAouv tn petaypadn
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b. Histone Acetylation & Deacetylation

Histone acetylation
— Histone acetyl transferases (HATS)
Adds acetyl groups to histone tails.
Reduces positive charge and weakens interaction of histones

with DNA

Facilitates transcription by making DNA more accessible to
RNA polymerase II

Histone deacetylation
— Histone deacetylases (HDACS)
Removes acetyl groups from histone tails

Increases interaction of Histone acetylation

: (transcriptional activation) L(iunn lranu:ripl:ion‘I
DNA and histones AT ]
Represses transcription — J) 49, &,l

Closed chromatin Open chromatin

Histone deacetylation
(gene silencing)




Histone acetylation
(transcriptional activation)

AT

( Gene transcription |
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Closed chromatin

tevone scetiadon sw'tch on
- =]
HAT HDAC . HDAC
inhibitors RS PEed

switch off

Relaxed chromatin

.0:

CHg G ~——

CELLULAR AND VIRAL

GENE TRANSCRIPTION




Dwodopuiiwon/anodwodopuiiwon

H dwodopuliwon

aUEAVEL TO APVNTLKO G
doptio TnC LoTdVNC- b l\l;y\ [\
MLKPOTEPN CCAT " MLka T H2asespn
aA\nAenidpaon l .
Lotovng/DNA-xaAapwon T

YAFSa' » Ha2AZ
MLK4

CCA1

AmtodwodopuAiwon-
LELWON aPVNTIKOU
dopTLou- “maktwpa”



C. Histone Phosphorylation

ATP Histone
histone O~ phosphatase
| kinase | 1 +H,0
(Thr) Ser—=CH;—0OH ———— Ser-CHg—O—FI:‘=O ——— = Ser—CH>—-0OH +Pi
o
Histone Phosphohistone Histone

(d Phosphorylation

» Enzyme required — Protein kinase

» Phosphorylation increase the negative charge on Heston as a result
less interaction between DNA and histones that leads to chromatin

de-condensation.
(1 Dephosphorylation
» Enzyme required - phosphatase
» 1ncrease positive charge followed by chromatin condensation.



ATP Histone

histone o— phosphatase
kinase | +H,0
(Thr) Ser—CH;—0OH ——— > Ser-CH,-0- I? O ——— Ser—-CH,-0OH +Pi
! o-
Histone Phosphohistone Histone

 Phosphorylation

» Enzyme required — Protein kinase

» Phosphorylation increase the negative charge on Heston as a result
less interaction between DNA and histones that leads to chromatin
de-condensation.

J Dephosphorylation

» Enzyme required - phosphatase

» 1ncrease positive charge followed by chromatin condensation.




2> Planta. 2007 Dec;227(1):245-54. doi: 10.1007/s00425-007-0612-1. Epub 2007 Aug 25.

Up-regulation of stress-inducible genes in tobacco
and Arabidopsis cells in response to abiotic stresses
and ABA treatment correlates with dynamic changes
in histone H3 and H4 modifications

Agnieszka Sokol T, Aleksandra Kwiatkowska, Andrzej Jerzmanowski, Marta Prymakowska-Bosak

Affiliations + expand
PMID: 17721787 DOI: 10.1007/s00425-007-0612-1



Both tobacco and Arabidopsis cells show the typical nucleosomal
response to high salinity and cold stress, manifested by rapid
transient up-regulation of histone H3 Ser-10 phosphorylation,
immediately followed by transient up-regulation of H3
phosphoacetylation and histone H4 acetylation. For each of the
studied stresses the observed nucleosomal response was strictly
correlated with the induction of stress-type specific genes.
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Chickpea WRKY70 Regulates the Expression of a
Homeodomain-Leucine Zipper (HD-Zip) | Transcription Factor
CaHDZ12, which Confers Abiotic Stress Tolerance in
Transgenic Tobacco and Chickpea

Senjuti Sen’, Joydeep Chakraborty', Prithwi Ghosh"?, Debabrata Basu' and Sampa Das'*
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Hyperacetylation of Histone3 residues at pCaHDZ12
promotes induction of CaHDZ12 during abiotic stress

CaHDZ12 mediates the reduced accumulation of ROS
and subsequent cellular damage in transgenic plants
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Fig. 8 Functional characterization of CaHDZ12 transformed chickpea plants under salt and drought stresses. (A & B) Phenotype of control,
CaHDZ12-OE and CaHDZ12-silenced chickpea plants treated with 200 mM NadCl (salinity) or kept for 10 days without water (drought). (C) DAB
staining represents the extent of H,0, production in CaHDZ12-OE and silenced plants under above mentioned conditions. (D) NBT staining
represents the extent of O,” formation in CaHDZ12-OE and silenced plants under above-mentioned conditions. (E) Analysis of antioxidant
enzyme activities (CAT, SOD, APX) in CaHDZ12-OE and silenced plants before and after stress treatments. Data are means = SEM from three

biological replicates. Significant difference of transformed plants compared with WT plants is done by one way ANOVA using Duncan’s multiple
range test (DMRT); significance level indicates P < 0.05.
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3. RNA interference

Also called post transcriptional gene @ The Nobel Prize in Physiology or
silencing (PTGS) Medicine 2006

2 2 2 : : : "for their discovery of RNA interference - gene silencing by
Is a biological process in which RNA oo e
molecules inhibit gene action.

Andrew Fire and Craig C. Mello shared
the Nobel Prize in Physiology or Medicine
—2006.

RNA;7 1nvolves small RNA molecules
called short interfering RNAs (si RNA)
and micro RNAs (m1 RNA).

These molecules are 21 to 28 base pairs
long and produced from larger dsRNA
molecules by enzyme called dicer.

Andrew Z, Fire Craig C. Mello

Q@ 1/2 of the prize ® 1/2 of the prize



Ovopadetal emiong
LeTa-peTaypadkn
yovidLakn
amnoowwrnnon (PTGS)

RNA-interference

Elvat po BloAoyikn

Sdtadlkacia oTtnv omola

o popLa RNA
OVOOTEAAOULV TN
yovibLakn dpaon.

J




* To RNAIi teptAapavel
HUikpa popa RNA rou
ovopadovtol RNA LKpnic
rniopepfoAnc (si RNA) ko
uikpat RNA (mi RNA).

e AuTaA Ta popla eivol 21 Ewcg
28 (evyn Baocewv o€ HUNKOC
KOLL TTOLPOLYETOLL OUTTO
neyaAvtepo dsRNA popla '
ue tnv 6pacn evoc ev(iuoU ,
nov ovopaletal dicer.

/

RNA-

interference

o
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Difference between miRNA and siRNA

- T

Function of both species is regulation of gene expression.

Difference 1s in where they originated. siRNA originated from
dsRNA and miRNA originated with ssRNA that form hairpin

secondary structure.

siRNA 1s most commonly a response to foreign RNA (usually

viral) and 1s often 100% complementary to the target.

miRNA regulate post transcriptional gene expression and often

not 100% complementary to the target.
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miRNA applications for engineering abiotic stress tolerance in plants
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Table 3 List miRNAs overexpressed or knocked out for engineering abiotic stress tolerance in plants

Targeted miRNAs

Transgenic plants

Plant responses

References

miR156
Mirls6
miR169
miR169
miRi73
miR319
miR3 19
miR393
miR394
miR395¢
miR395e
miR395
miR396
miR402
miR408
miR417
miR&828

MiR159
miR393a
miR166
miR165/166

Arabidopsis
Rice
Tomato
Arabidopsis
Arabidopsis
Bentgrass
Rice
Arabidopsis
Arabidopsis
Arabidopsis
Arabidopsis
Rapeseed
Arabidopsis
Arabidopsis
Chick pea
Arabidopsis
Sweet potato
Rice
Creeping bentgrass
Rice

Arabidopsis

Enhanced heat tolerance

Reduced cold tolerance

Enhanced drought tolerance

increased N-deprivation sensitivity

Increased thermotolerance

Enhanced salt and drought tolerance

Enhanced tolerance to chilling stress

Increased sensitivity to salinity and alkalinity

Enhanced drought tolerance

Reduced seed germination under salt and dehydration conditions
Accelerated seed germination under salt and dehydration conditions
Enhanced tolerance to oxidative stress and heavy metal Stress
Higher sensitivity to salinity and alkalinity

Increased salt, drought, and cold stress tolerance

Enhanced drought tolerance

Increased sensitivity to salt and ABA
Oxidative stress

Increased drought resistance in down-regulated transgenic plants
Salt tolerance, drought tolerance and heat tolerance

Drought tolerance in knocked-down mutants

Drought tolerance in knocked-down mutants

Stiefet al. (2014)

Cui et al. (2015)
Zhang et al. (2011)
Zhao et al. (2011)
Lietal (2014)

Zhou et al. (2013)
Yang et al. (2013)
Gao et al. (2011)

Ni et al. (2012)

Kim et al. (2010a)
Kim et al. (2010a)
Zhang et al. (2013a, b)
Gao et al. (2010)

Kim et al. (2010b)
Hajyzadeh et al. (2015)
Jung and Kang (2007)
Lin et al. (2012)

Zhao etal. (2017)
Zhao et al. (2018)
Zhang et al. (2018)
Yang et al. (2019a, b)
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A comparison of the low temperature
transcriptomes of two tomato genotypes that
differ in freezing tolerance: Solanum lycopersicum
and Solanum habrochaites

Hongyu Chen'", Xiuling Chen?', Dong Chen?, Jingfu Li?, Yi Zhang®" and Aoxue Wang'*
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I Fig. 5 The total number of microRNAs (miRNAs) that were either cold-induced or cold-repressed in S. lycopersicum (C) and 5. habrochaites (Tsh)
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Abiotic Response References

stress

Salt Wheat Lower methylation level in Wang et al., 2014
tolerant cultivar

Heat Grapevine  Transgenerational inheritance  Baranek er al., 2015
of methylation after removal of
stress

Cold Maize Increase 1n H3K9ac and Zhao etal.,2014

H4KS5ac in promoter of cell
cycle genes

Heavy metal Chickpea Hypomethylation in tolerant Rakei et al., 2015
upon prolonged exposure




DOGMAS?

H doawvotumiki notkithopopdia twv KaAALEpyeLwV amoteAel Baoiko
(NTNUO TIOU TIPETIEL VOL AVTLUETWTILOTEL EVOYEL TOU EMLOLTIOTIKOU
TPOPBANHATOC KL TNG TIPOCAPHOYNC TWV KAAALEPYELWV OTLG CUVEXELC
KALLOTLKEG AAQYEG.

Ol emypadEcg tne xpwpativng(epigenetic marks) kot ot
ETUYEVETIKOL pUOULOTLKOL pNXOVIOMOL Elvoll OUCLWOELS yLaL TOV
€AEYXO0 TWV avantuélakwyv dtadikaclwv tTwv putwv Kat yia T
Stapopdpwon TN PavoTunMKAG MAACTIKOTNTOG TWV PUTWV,
CUMTIEPLAA M BAVOUEVWV TWV TTPOCAPLOCTIKWY OIMOKPLOEWV OTLG
NEPLBAAANOVTIKEG KOLTOTIOVIOELC.

Ta XOPAKTNPLOTIKA oTaOEPATNTAC KOl KANPOVOLKOTNTOG TWV ETL-
VEVETIKWV CNUATWY KOL | YVWON TWV ETILYEVETIKWY PUOLOTIKWV
HNXAVIOUWV Eival {wTKAC onpaoiog ya Tti¢ epopHOYEC TNG
BeAtiwong.



DOGMAS?

* Crop phenotypic diversity is a key issue facing the
challenge of sustainable food security and crop
adaptation to on going climate changes.

* Chromatin marks and epigenetic regulatory
mechanisms are essential to the control of plant
developmental pro-cesses and in shaping plant
phenotypic plasticity, including adaptive
responses to environmental stresses.

 Stability and heritability features of epi-genetic
marks and knowledge of epigenetic regulatory
mechanisms are crucial for breeding applications.



" B. EPIGENETIC VARIATION

Plant populations show phenotypic diversity, which may be
caused by genetic and epigenetic variation.

It has recently been shown that new epigenetic variants are
generated at a higher rate than genetic variants.

If an epigenetic variant or epiallele has a phenotypic effect and
1s more or less stably inherited to the progeny, it 1s referred to
as an epimutant. Such epialleles contribute to the phenotypic
diversity of a population and, hence, may have a role in
adaptation and evolution.

Epigenetic variation has been suggested as an explanation for
the missing heritability in complex traits.

/4(



Epigenetic diversity
1. Satisfy new characteristic demand
2.Precise selection of elite crop varieties
3.Broad-spectrum induced resistance

Source of variation 4.Less genes erosion

| for plant breeding selection 5.Balance among important agronomic traits

Genetic diversity ‘ 6.New avenue for epidemic disease management

7.Time and cost effective
8.Ease public and producer acceptance

Soodeh Tirnaz and Jacqueline Batley Molecular Plant, Volume 12, Issue 3, 2019



https://www.sciencedirect.com/science/article/pii/S1674205219302989?via=ihub%23!

Resetting and transgenerational memory
ErtavapUOpuLon Ko EMLYEVETIKN UV TTOU

LETAPEPETAL OTTO YEVLA OE YEVLA

H eapwvonoinon, pecoAafei otnv mpoocappoyn twv Gutwv
o€ dladopetika nepBAAAovta Kot UTTOOELKVUEL
Stadikaoiec mou enavapuOuilovral oe KAOe yevia.

H npokaAoUpEVN Ao LoUC OIocLWNNoN Kat
OLTTOCLWNNON ME METOOETA oTOLXELA TTEPLAAMBAvVOUV
ETLYEVETLKA KANPOVOMLOLUEG TPOTIOTMOLCELC TNG
XPWHOTIVNC/EMLYEVETIKNACG.

OL K)\npovoutmueq eruypadec  xpwpativne (chromatin
marks) pmopouv va odénynoouv OE KANPOVOULOLUEG
bOLVOTUTILKEG SLOKUUAVOELG, entnpealovtag v
cupnepldpopa tou dutou Kal £Tol va uTtoBAnBouv o duoikn
emilloyn. Qotooco, o€ avtiBeon HE TN YEVETIWKN
KANPOVOULKOTNTA, OL ETILYEVETLKEC TPOTOMOLNOELS OELYVOUV
aotaBela kal emnpealovtal oo To epLBaAiov

D.C. Baulcombe and C. Dean: Cold Spring Harb Perspect Biol 2014,;6:a0019471



Resetting and transgenerational memory

Vernalization, mediates adaptation of plants to different
environments and it exemplifies processes that are reset
in each generation.

Virus-induced silencing and transposon silencing
involve transgenerationally inherited
epigenetic/chromatin modifications.

Heritable chromatin marks may result in heritable
phenotypic variation, influencing fitness, and so be
subject to natural selection. However, unlike genetic
inheritance, the epigenetic modifications show
instability and are influenced by the environment.

D.C. Baulcombe and C. Dean: Cold Spring Harb Perspect Biol 2014,6:a019471



What is the contribution of epigenetic modifications

to non-model plants?
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Spontaneous
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mitotically heritable
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Insertion

Chardonnay

LTR retroelement

LTR recombination

_K-—-—-

Reversion

Ruby Okuyama ’

Figure 2| Transposable element insertions associated
with changes in grape colour. Aninitial insertion of &
Gretl long terminal repeat (LTR) retrotransposon (not
present in the Cabernet variety) resulted in a loss-of-
function allele of the Vvmby1A gene, leading to a loss

of colour in the fruit of the Chardennay variety. A
subsequent rearrangement in Gret1 results in revertant,

coloured grapes in varieties such as Ruby Okuyama.
Exons are depicted as grey boxes. The LTRs flanking
Gret1 just upstream of the Vwmyb1A gene are depicted as
red triangles.
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Review article

Genomic and epigenomic bases of transgressive segregation — New breeding | W
paradigm for novel plant phenotypes it

Benildo G. de los Reyes
Deparement of Pimne and Soil Sciemce Texwas Tech Uriversiey 215 Experimental Sclences Bmlding, Lubbock, TX B06-834-6421, U5A
Genomic Selection
_ _ Me Tov TTAOUTO TTANPOPOPIWYV aAANAouXiag
Classical breeding YOVISIWUOTOC TTOU dNuIoupyouvTal, N
(MAS) YOVISIWMATIKN £TTIAOYNA TTAPEXE! Eva YETO YIa TNV
Transgenesis OTATIOTIKA TTPOPBAEWYN TNG TINAG EVOC DEOONEVOU
YOVOTUTTOU OTNV BEATIWON, HOVTEAOTTOILIVTAG TOUC
BEATIOTOUG CUVOUAOOUG AAANAOUOPPWYV O€
OAOKANPO TO YOVIOIWHA TTOU YEYIOTOTTOIOUV TO
QAIVOTUTTIKO QUVAUIKO £VOC ATOUOU KATW aTTO £va
OeOONEVO TTEPIBAAAOV
Genome editing



BASIC Research:epeuva ITou AITOCKOTEL OTNV
avénon tnc ErLOTNUOVIKNC UOC YVWONC

Model species: Arabidopsis thaliana

Crop plants

APPLIED Research:yvwaon yia va Bpoule mpaKktikn Avon o
eva mpoBAnua



A matter of time

* [OAAEC TIPOKTIKEC AUOELC OE TIPAYUOTLKA TTPOBAR AT £XOUV
npokuP el anevBeiac amno tn Paocikn Epevva. MNa to Aoyo
auTo, N dlakplon HeTAEU BaoLKAC EpELVOC KoL EGAPUOCHEVNG
£PEUVOC Elval cuxva amAd BEua xpovou

Applied research use
the basic information
to produce dwarf
crops

Basic research
identified the
genetic cause of
dwarfism
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Figure 3. Environmentally induced genetic and epigenetic variations.

Stress induces activation of transpasons and epigenetic changes at various silent genomic loci, including heterochromatic regions. Activated transposons may transpose and
generate genetic variation. New insertions of transposons also generate epigenetic variation in the vicinity of the new insertions. In contrast, epigenetic changes are mostly

transient due to restoration of the pre-stress chromatin status. Therefore, transgenerational transmission of stress-induced epigenetic changes is very restricted.
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