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EPIGENETICS

The study of stable and heritable
changes In gene expression or cellular

phenotype that do not entail changes In
the DNA sequence




Epigenetic Mechanisms
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Chromatin States

Closed compact chromatin Open chromatin
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Gene silencing Gene expression




DNA METHYLATION
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Cytosine methylation

.Transposon silencing

.Epigenetic regulation of
endogenous genes — DNMT

CHs

.Critical for normal
development

5-Methylcytosine

Mechanism of DNA methylation






Histone modifications

Methylation Heterochromatin
H3K9 H3K27 H3K79 L
——3 COmpact inactive state
H4K20 J
Deacetylation Gene silencing
Methylation Euchromatin
H3K4 -~ active state
Acetylation

Gene expression
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Enzymes involved in chromatin modifications

/ »DNA methyltransferase \

-mainly silencers

»Histone methyltransferases
-silencers and activators (site specific)

»Histone demethylases (Jumonjii)

-silencer and activator (site specific)

»Histone acetyltransferases

-mainly activators

»Histone deacetylases
-mainly silencers




A ‘mille-feuille’ of Epigenetic mechanisms

-
Moy, = o — STRESS $7CG  #®HaKome2
m
Oty — @ $+ "CHG HBHETmm
qu% mCHG W McpH == siRNAs
Pw ?-l?
,,%f“%wﬁ mCHH
A6y RdDM
Bps 1R
s &%ﬁ. H3K9me2
5 —
A H3K27mel — —— == = =
—‘latb — — B = S == o= = ==
cell-type specific

Modified from M.Rigal, O. Mathieu, 2011, Biochimica and Biophysica Acta



EPIGENETIC PHENOMENA

\egetative development

JFlower Development

Parental imprinting in Seed Development
-olress response

~Transposon silencing




DNA Methylation is critical for Arabidopsis
normal development

Embryo development at 4, 5, 6 DAF
(Days after Fertilization)

cmt3 metl

The Plant Cell, Vol. 18, 805-814, April 2006



Developing seed
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Genes that control seed development
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Parental Imprinting regulates seed
development

Mutations in the female SzM EDEA gene lead to
abnormal seed development

Wit M

MEDEA

Kiyosue et al., 1999, PNAS 96, 4186-4191
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@DME mutants in Arabidopsis

A: wild type silique

B: Heterozygous DME/dme-1
silique

C: Homozygous dme-1 silique
D: Viable seed
E: Aborted seed

DME wt DME mutant
Normal Enlarged
embryo and endosperm
endosperm and aborted
0
dEVEIOpment embryO Choi et al., 2002 Cell 110, 33-42 IN HB

fffff



PARENTAL IMPRINTING
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Epigenetic modifications in the endosperm
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Small RNAs (mIRNAS) requlate Leaf
Development

MiIR- JAW — TCP —— Cell cycle control




Disruption of miIRNA164-regulation
of NAC-domain protein in Arabidopsis

Affects proper formation and separation of adjacent
embryonic, vegetative, and floral organs



Flower Development

Regulation of APETALA 2 like genes by miR172




Epigenetic Mechanisms regulate the response to environmental changes

miR168 «— Under drought stress
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EPIGENOMES

Locus-specific Large-scale
epigenetic e genome wide

modifications epigenetic
landscapes



Genome-wide DNA methylation techniques

(a) (c) Genomic DNA
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@=High methylation
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Current Opinion in Cell Biclegy

Techneologies to map DNA methylation genome-wide. Classical approaches to study DNA methylation use restriction enzymes that cut only (a)
methylated (McrBC) or (b) unmethylated (Hpall, Notl) DNA; however, these methods limit the analysis to particular seguence motifs. (c) Alternative

methods use isolation of methylated DMNA with antibodies or MBD proteins. The methylated DNA (labeled in green) can be used for cohybridization
with input DMA (labeled in red) on any existing micrearray. Lollipop shapes denote methyl groups.



Eenome ! |su!f|te §ei uence -

-Combination of Bisulfite treatment with Deep Sequencing

mC mC mC
Top strand Bottom strand
Bisulfite conversion

>>UCGGUATGTTTAAACGUT>> <<GGUCGTACAAATTTGCGA<LK

l PCR amplification \l/

>>TCGGTATGTTTAAACGTT>>  >>CCAGCATGTTTAAACGCT>>
<<AGCCATACAAATTTGCAA<KK <<GGTCGTACAAATTTGCGA<X



HUMAN METHYLOME

Different cell and tissue types
;Normal and disease conditions

Different Methylation Pattern in cancer cells
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Figure 2. Epigenomic instability in
lung cancer. This plot summarizes
the frequency of methylated
regions in fwo adenocarcinoma
and matched lymphoblast samples.
A large number of differentially
methylated regions exist between
tumor and lymphoblast sample.
Although tissue-specific patterns
need fo be identified, we predict that
a large number of these alterations
are involved in or are a consequence
of oncogenesis. Hypermethylated
regions are right of the chromosome
and hypomethylated regions are to
the left. Red indicates adenocarci-
noma, green denotes lymphoblast,
yellow is common to both.



DNA METHYLATION LANDSCAPE OF THE ARABIDOPSIS GENOME

Wit
.met-1 mutant
.drm1/drm2/cmt3 triple mutant (ddc)
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‘Genome-wide High-Resolution Mapping and Functional Analysis of DNA Methylation in Arabidopsis’

Cell 126, 2006



Methylation Profiles for Columbia and Landsberg Arabidopsis ecotypes
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Genome-wide analysis in Arabidopsis
+DNA methylation
+Histone H3 Lysine 27 Trimethylation

o ™

— DNAmednylatad regions bp per 100 kB — HSIKC2Tme3 raglons bp par 100 ki — EMB

PLoS Biology May 2007 | Volume 5 | Issue 5 |



LARGE-SCALE EPIGENETIC LANDSCAPE IN RICE
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Li et al. BMC Genomics 2012, 13:300
http//www biomedcentral.com/1471-2164/13/1/300 BMC

Genomics

RESEARCH ARTICLE Open Access

Single-base resolution maps of cultivated and
wild rice methylomes and requlatory roles of
DNA methylation in plant gene expression

Xin Li'*", Jingde Zhu™™, Fengyi Hu™", Song Ge®, Mingzhi Ye?, Hui Xiang', Guojie Zhang'”, Xiaoming Zheng®,
Hongyu Zhang®, Shilai Zhang®, Qiong Li°, Ruibang Luo?’, Chang Yu?, Jian Yu?, Jingfeng Sun’, Xiaoyu Zou®,
Xiaofeng Cao® Xianfa Xie”, Jun Wang*'®" and Wen Wang'’



The tomato methylome
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Zhong et al., 2013 Nat. Biotechnology



Tissue and developmental specific epigenetic variation in tomato
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MSAP: Methylation Sensitive Amplified Polymorphism

ROOT SHOOT
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Karan R, DeLeon T, Biradar H, Subudhi PK (2012) PLoS ONE 7(6): e40203. doi:10.1371/journal.pone.0040203


http://www.plosone.org/article/info:doi/10.1371/journal.pone.0040203

DNA methylation changes under non-stress and salinity conditions

Table 1. DNA methylation changes in shoot and root at seedling stage under non-stress and salinity stress conditions.
IR29 Nipponbare Pokkali Geumgangbyeo
MSAP band type Control Salinity Control Salinity Control Salinity Control Salinity
A. Shoot
I 665 789 877 692 698 566 838 1067
Il 201 13 2465 290 293 n7 143 119
M 322 425 205 235 1M 158 160 a3
v 445 308 306 418 47N 593 489 350
Total amplified bands 1634 1635 1634 1635 1633 1634 1630 1629
MSAP (%) 59.3 51.7 46.4 576 57.2 653 48.6 34.5
Fully methylated band (%) 47.0 44.8 313 399 393 459 39.8 27.2
Hemi-methylated band (%) 12.3 6.9 15.1 177 17.9 194 8.8 7.3
B. Root
I 1276 1314 1103 1310 1231 1232 1311 1319
Il 7 23 34 39 32 34 10 19
M o8 &4 239 83 91 114 95 a7
v 254 21 259 203 232 202 218 197
Total amplified bands 1635 1632 1635 1635 1586 1582 1634 1632
MSAP (%) 21.9 19.5 326 199 224 221 19.8 19.2
Fully methylated band (%) 21.5 18.1 30.5 175 204 199 19.2 18.0
Hemi-methylated band (%) 0.4 1.4 2.1 24 20 2.2 0.6 1.2

Karan R, DeLeon T, Biradar H, Subudhi PK (2012) PLoS ONE 7(6): e40203. doi:10.1371/journal.pone.0040203


http://www.plosone.org/article/info:doi/10.1371/journal.pone.0040203

Expression profiles of MSAP loci in rice under salt stress

A. Shoot B. Root
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http://www.plosone.org/article/info:doi/10.1371/journal.pone.0040203

MSAP: Methylation Sensitive Amplified Polymorphism

MSAP is being widely used to detect epigenetic variation in
different species, cultivars, tissues and in different environmental

conditions

Poplar
Grapes
Coffee
Tomato

Grafted vegetables



TRAITS

Assoclation of epigenetic variation
with important agricultural traits



Inheritable Epigenetic States lead to Agronomic Trait Variants

Squamosa promoter binding protein likel4 (SPL14) — panicle branching and
higher grain yield in rice
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Etc. change
l Inheritance of the
epigenetic state
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Nucleotide sequence (40) AAAGCTTATCTGCATACAAGCCTTCGAGACCGGTCGCGGCTGTCGCATATCAGCGCAGAA (100)

Clone #1 (o} E & € cC C cc cc C ccC c ccC
2 o} c C Cc CcC C CcC BE B ccC c ccC
- 3 (o} € & € CcC C cC cc C ccC c ccC
4 Cc € & Cc CcC C cC ccCc C ccC c CcCcC
e a Ion 5 (o} c C (o] cC C cc cc C ccC c ccC
6 T = =F T ;O e 1 TT T T T TT T I
- - 7 Cc c C (o} cC C cC cc C ccC c CcC¢C
) 8 c E B £ cC C cCc ccCc C ccC cC cCcC
llla In Of rlce Xa21 Wild type 9 € E & & €t B €6 BEC € BEE C GG
10 Cc c cC C cc C cc cc C ccC c ccC
1 Cc E &€ € cC C cC cc C cc c CcCcC
12 C g 8 C cC C cc cc C ccC c ccC
13 1K X R 2 48 B 51 ) =[] i s ER 2 5l 3 P S i
14 (0] E B € g€ © cc EE E €6 c c¢cC
15 C c C Cc CcC C cc cc C ccC c ccC
16 Cc g B (0] cC C cC ccCc C ccC cC ccC
17 c c C C CC C CcC €6e e cC € 06
Clone #1 T T T T T T TT TT T TT T TT
2 T T T T IT T TT TT T Je 0 T TT
3 T T T T IT T TT TT T T T TT
4 T T I PR IT. T TT T-T T E: T TT
5 T e B TF T TT T = TT T TT
6 T T T T T¥ T TT T T: T T ET
7 T R T 1 Il TT s A T T T ET
8 T T T 7T IT T TT TT T TT T TT
Line-2 9 T T T IET T TT T TT T 77T
(Fo) 10 T T T T € T iE TT T LR ) T BT
1 T T T T IT T TT TT T T T T TT
12 T T T T b S TT TT T TT T ET
13 T T T T T T TT TT T TT T TT
- - - - 14 T T T T T T TT TT T TT T TT
15 T T T T T T TT TT T Ti X T TT
Xa2l is a rice disease resistance gene e T TTIRT OWOITTOITOTI
17 T T T = T TT =T 5% T 3L T T
18 T e T TF T TT T = 1 T B ¥
JEncodes a receptor-like kinase
s . . B 100
/5’end methylation prevents gene expression " ‘
. ° - - - - g ‘
Treatment with 5’-aza (DNA methylation inhibitor) . 5 w |
. . . . ild type 2
= 40
resulted in high levels of expression and resistance to
20
Xanthomonas oryzae pv oryzae .
100 200 300 400

Nucleotide position (bp)

(=]
o

Hypomethylation and resistant trait were stably
inherited in progeny (10 ys)

(Fo)

N @ ®
o o o

mS5Cltotal C (%)

n
o

i 1 ! !
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o

Akimoto et al. Ann Bot 2007;100:205-217



DWARF1 RICE EPIGENETIC MUTANT

«The epi- alleleDWARF1 (D1), epi-di,
~Causes a dwarf phenotype
~Stably inherited

+Used as dwarf breeding material in
Japan for decades

+Sllenced state associated with
repressive histone and DNA methylation
marks in the D1 promoter region

CH3
Y

>

promoter

Gene body

Miura et al.,, PNAS July 7, 2009 vol. 106 no. 27



Epigenetic changes — Source of natural variation

Epigenetic variations

Spontaneous epi-mutations
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Increased phenotypic diversity

Transposon insertions

Trans-acting
(smRNAs)

Heritable

Factors leading to epigentic mutations in plants

>Spontaneous epimutations
~Transposon insertions
~Transacting small RNAs

epi-alleles — accumultate over generations —> increases phenotypic diversity



IMPLICATIONS IN BREEDING

Mutations in Apetala-2 which is regulated by miIRNA172 lead to
changesin SEED SIZE

~ 30% Increase In
seed weight
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PNAS 2005 vol. 102 no. 8 3123-3128


http://www.pnas.org/cgi/content/full/102/8/3123/FIG3
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EPIGENETIC MECHANISMS IN CEREALS
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Plant processes affected:
Flowering

Seed Development

Stress response

Importance:

Epigenetic modifications < Epi-alleles = Agronomic traits = Improved varieties




Barley cultivars with different seed size

Caresse

ppolytos




Expression of Polycomb group in barley during seed development

In two cultivars with different seed size
. v« 4 6 ¢
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Kapazoglou et al., (2010) BMC Plant Biology 10:73



Mapping of PcG genes on the barley physical map
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MADS-box Type | genes in Arabidopsis

AGL35 (PHERES ) |
AGL61

AGL62 (DIANA)
AGLS0
INIWX

Central cell formation

Timing of endosperm
cellularization

Seed development




Kapazoglou et al. BMC Plant Biology 2012, 12:166
http://www.biomedcentral.com/1471-2229/12/166

RESEARCH ARTICLE Open Access

BMC
Plant Biology

The study of two barley Type I-like MADS-box

genes as potential targets of epigenetic
requlation during seed development

Aliki Kapazoglou', Cawas Engineer', Vicky Drosou’, Chrysanthi Kalloniati®, Eleni Tani', Aphrodite Tsaballa®,

Evangelia D Kouri®, loannis Ganopoulos?, Emmanouil Flemetakis® and Athanasios S Tsaftaris'~
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EPIGENETIC MECHANISMS AS
MEDIATORS
OF ENVIRONMENTAL CHANGES




Responses of barley epigenetic modifier genes
to stress-related hormones
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Expression of HvTX1 In response to dehydration

Caresse: drought sensitive

Demetra: drought tolerant
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OUTLOOK

Epigenetic
Breeding

Histone > | DNA
modification > methylation
To meet the future challenges of

o world population growth
o climate change

AN increased focus on exploring new varieties and novel traits
-Study and exploit epigenetic variation as well as genetic variation

;Development of tools and technology to enable easy and
rapid selection for improved varieties

INRS®
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