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Epigenetic changes

stably heritable phenotype resulting from changesin
a chromosome without alterationsin the DNA sequence

Epigenetic Landscape
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General concepts —

genetics epigenetics
genes and gene function gene regulation
How DNA sequences lead How DNA is regulated to

to changes in the cell/host achieve thos




S

genetics

genomics (“what is a gene?”, "how is
information encoded in DNA?"),
transcriptomics (“how are genes
expressed?” / “how is information
encoded in RNA?"),

proteomics (“how do proteins interact?” /
"how is information encoded in
proteins?”),

heredity (“how are traits passed on
between generations?” / "how is
information passed on through time?”),

evolutionary genetics ("how does DNA
change through time?” / "how much
genetic information do different
organisms share

enetic disease ("“how do mutations lead
' tions in the host?").

EPIGENETICS

gene regulation (“"how does the cell
turn genes on and off?” / “how is
information ‘compiled’ to produce a
meaningful output?”),

gene-environment interactions
("how does gene expression change
in response to environment?” / “how
does context affect the way
information is compiled?”), and

protein-environmentinteractions
("how does the activity of proteins

change in response to the
environment?”)
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Epigenetic changes in evolutiion

The environmentally-induced DNA
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Epigenetic changes

Extracellular Signals

Chromosome
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Methylation of nuclear
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« «resetting» of epigenetic
status occurs in each
generationby extensive
demethylation and
subsequent de novo DNA
methylation during

gametogenesis and early
development

« mostly symmetric CpG
sequences

animals

« the epigenetic states of
plant genes are

often stably inherited
through generations.

« extensively methylated at
two types of symmetric
sequences, namely CpG
and CpNpG, as well as at
asymmetric ones
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Maintenance of Cytosine Methylation

Establishment and maintenance

Replication

Maintenance methylation
Dnmt1




assive

MethylCytosine

Establishment and maintenance

Replication

Maintenance methylation
Dnmt1
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Cytosine Methylation

Establishment and maintenance

Replication

Méintenance methylation
Dnmti




Some DNA Methyl Transterases
are Essential

Mammalian Dnmts are essential

Regulatory Domain Catalytic Domain
Dnmt1 . embty DHEC |Eth al Conserved mathyltransferase motifs
' DNMT1 e
- Zn NG DA,
Dnmt2: no obvious effect HI i Blndini (KG)n [Catalysis  Binding
Dnmt3a: perinatal death Replication  Cys-rich Ly o

Foci targeting

Dnmt3b: embryonic lethal
Regulatory Domain Catalytic Domain
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domain
homology
to ATRX

Dnmt3l: no imprints

Robertson, KD, Oncogene 2002




Critical CpG Sequences in CpG Islands Near Promoters

Genomic distribution of DNA methylation  Pyrosequencing technol ogy
represents atool to determine

Methyl-Cytosine methyl atl on |€V€| S Of mU|t| pl e
™. 4% of all cytosines are methylated  CPG Sitesin specific genes of
or'"“n"“z—u 70-80% of all CpGs are methylated interest and this study showsits
applicability to investigate

98% of the genome <2% of the genome p0| | Utant-l ndUCed al teratl 0nS Of
1 CpG/100bp 1 CpG/MObp short stretches (~1000bp) ) ] ]
majority methylated majority :inmsthyiated methyl a‘“ on | evel Sin f| Sh
)P i TTPTPPTT fe ]
CpG islands

Stromgvist M, Tooke N, Brunstrom B (2010) DNA niation levels in the 5'flanking region of the
vitellogenin | gene in liver and brain of adult zefish (Danio rerio)—Sex and tissue differences
and effects of k#ethinylestradiol exposure. Aquatic Toxicology 285-281




Epigenetics of Euchromatfin versus

Heterochromatin

PH:ENOTYPE

Hﬁl‘fﬂv

Non-genetic ‘inheritance’

Euchromatin

Heterochromatin

DNA methylation at CpGs
Hypoacetylated histones
H3K9me3 and H3K27me3

Active genes
Hypomethylated DNA
Hyperacetylated histones
H3K4me3 and H3K36me3

Physiological

HMT: Histone methyltransferase
HOM: Histone demethylase
HAT: Histone acetyltranderase

HDAC Histone deacetylase
@ DNACPG methylation
& ristone methylation
@8 Histone acetylation

P Histone phosphorylation

DNA methylation and histone modifications
help to compartmentalize the genome
into domains of different transcriptional potentials

Euchromatin Heterochromatin
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« High histone acetylation + Low histone acetylation

= Dense DNA methylation
= H3-K8 methylation

+ Low DNA methylation
« H3-K4 methylation




Chromoso
CG Island Methylation

Genes that are to be silenced from one of the
parental allele (i.e. expressed by only one
allele) become methylated during the
embryonic development in a process called
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Bl cra ke s s St reprogramming during mammalian

studies

Mao Li & John F Leatherland

Department of Biomedical Sciences, Ontario Veterinary College, University of Guelph, Guelph, ON, N1G 2W1, Canada

DNA methylation reprogramming was
observed during the early embryonic
development of zebrafish (Danio rerio) in a
recent study using an anti-5-methylcytosine
antibody in immunohistochemistry and
southwestern immunoblotting

MacKay AB, MhanniAA, McGowanRA, Krone PH (2007) Immunological detection of changes in genomic DNAmethylation during early zebrafish

development

development. Genome 50: 778-785.

Santos F, DeanW (2004) Epigenetic reprogramming during early development in mammals. Reproduction 127: 643-651.




(any109ds-auab) (apim-awouab)
uonejiyisw yNQJ JUBLI2GE JO UOHEINWNIY uonejAyiswaiep YN

_ |
= BuiBy jualwuonaue |gjeulsod
‘Jeoued ‘ewalydoziyss ‘uoissaidag pue |ejeuasd asleapy

| pebv ||| HNPY [ejeu-1sod

iolweudp ssa)

(ouoads-auab)
uonejfylaw/sp yNQ dlweuiq

|aAs] uonelAyaw ¥NQ



eneration

Post-fertilization reprc

Imprint maintenance

elements and rare singl
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Environmental factors can influence
on epigenetic changes

There are epigenetic disease
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Familiar nutrientslike folic acid, B vitamins, SAM-e (S-Adenosy!
methionine, a popular over-the-counter supplement)

are key components of this methyl-making pathway.

Diets high in these methyl-
donating nutrients can rapidly
alter gene expression, especially
during earlydevelopment when
the epigenome isfirst being
established

folic acid
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How important a mother's diet is in shaping the epigenome

of her offspring
When a mouse's agouti gene is ?;Z; Agouti Gene Z;}I’
completely unmethylated, its 4
. .. (42
coat is yellow and it is obese )
and prone diabetes and cancer {
3 Obese >§j‘ methyl groups

)
‘. Prone to cancer

When the agouti gene is methylated &) and diabetes ﬂ
(as it is in normal mice), the coat %4 %\J

LN NN Y

GM

/
color is brown and the mouse has a ) % o

N

low disease risk. yo | .
Fat yellow mice and skinny brown . "
in

mice are genetically identical. The fat | Healthy
yellow mice are different because they

have an epigenetic "mutation.”




Environment ¢
Changes

Can environment influence these processes?

They are what she ate...

Normal Diet

Modified Diet
Adding vitamin
B12, folic acid

choline and
betaine

™ .-.‘1- -]

Also Wolff & Cooney FasebJ  (1998)

I Source: Waterland & Jirtle, Mol Cell Biol (2003)



Our health is not only determined by what we eat,
but also what our parents ate

pregnant mother's diet
can affect the child's epigenetic
outcome

These Two Mice are Genetically Identical and the Same Age

While pregnant, both of their mothers were fed
Bisphenol A (BPA} but DIFFERENT DIETS:

The mother of this mouse The mother of this mouse

received a normal mouse | received a diet supplemented

diet with choline, folic acid,
betaine and vitamin B12

BPA appears to reduced methylation of the
agouti gene. In the strain of mice that was
studied, yellow mothers give birth to pups
with a range of coat colors from yellow to
brown.

When mothers were fed BPA, their babies
were more likely to be yellow and obese—
like the one shown on the left.

However, when mothers were fed BPA along
with methyl-rich foods, the offspring were
more likely to be brown and healthy—Ilike
the one on the right.

The maternal nutrient supplementation had
counteracted the negative effects of
exposure




Our health is not only deterMy w!at we eat,

but also what our parents ate

dad’s diet can affect the child's Shortage of food for the grandfather was
associated with extended lifespan of his
grandchildren.

Food abundance, on the other hand, was

food availability between the ages associated with a greatly shortened lifespan

epigenetic outcome,

of nine and twelve for the paternal | | of the grandchildren.
grandfather affected the lifespan Early death was the result of either diabetes
of his grandchildren. But not in or heart disease

the way you might think.

HexBaTka NpOAOBONLCTBUA ANA AeAYLLKN
Gbl1a CBfi3aHa C yBe/nYeHMeM
NPOAO/IKUTENBHOCTM XXM3HW €ro BHYKOB.

C Apyron CTOpPOHbI, n306mane num 66110
CBA3aHO C 3HAYMTENbHO COKPALLLEHHOWN
NPOAO/IKUTENBHOCTBIO XXM3HW BHYKOB.
PaHHAS cMepTb Oblna pesynbtatoM Anbo
Anabeta, nmbo 6onesHn cepaLa




The larvae that develop into workers

and gqueens are genetically identical. -
But because of her royal jelly diet, the »
gueen will develop ovariesand a

larger abdomen for egg laying, while

the worker will be sterile.

Royal jelly silences a key gene (Dnmt3, which codes
for an enzyme that silences a group of queen genes.

When Dnmt3isturned "on," the queen genes are

epigenetically silenced, and the larvae develop into
the default "worker" variety. But when r
turns Dnmt3" off," the queen genesg
turning the larvae into qu




Twins share the same genes but their environments
become more different as they age.

Chromosome 3 Pairs
3-year ald twins vs. 50-year-0ld twins

Percent of twin pairs who share the trait

100°

J-vear-old twins

Height

-
i 2]l oWy Show's where the Reing Dl

twins have epigenetic tags Autism
in the same place.

-

Alzhalmer's

Schizophrenia

Alcoholism

Bipolar Disorder

S50-year-old twins

Hypertension

Digbetes

h Red and green show where Multiple Sclerosis

the twins have epigenetic
tags in differant places. Braast Cancer

Crohn's disease |

Stroke

Rhaumatoid Arthritis



Environment can Influence on Epigenetic

changes

" The effect of )

equally /t

DNA/RNA Virus
environmental o O4™ :
factors on 4 1K IR ;
epigenetic f\ e O e .|
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Cell Signalling Biology - Michael J. Berrid




e Terey ‘wesya) g0 Aysieany) “aumnsenby o juawpedag,

uey “weLEys] "eyeys) Jo ASISALN 34 'HEUSE J0 JUSLeda,

US| BYSTY ISISAILY 4N UEISISY 'SIUSYSY PUE SUMnsenby J0 JuawyEda,
uey ‘weyeys) ABopouyoa) jo Arsisaiun ueges| aumnoenby jo uRwEdaT,

WPPUBLIYEIE | PIUEH PUE JIUBGIOYS) YaWe] ;quialued Zeie] ', BUnozojysaue] pawey
srewuy onenby ur sjutadwy anauassidy JO MaIAIY Y

a1y Mainay

gal..:..upl.ﬂ

R e e S, S jenamor mh—:ﬁ—.—.ﬂuﬁ—.——udﬂq PUE SOLIYST m.__“W-_
_"m.mnw_,unnf_._nh..iﬁnsﬁurncum N




_. Iso=da
—-==77 775889 - XZ8S0°0 = A

S . £€9°0=¥
19°L = XTLOD = A

i 3 e ° se0=4

3 : B

L nl\lhni\ununl hd $950'0 - XSpO'0 = A
o

smpotung sundry o andaeueqgnszaejod @ [edrdonpesadwd) o

%29
0s sp or

B

___ Iso=ua
-—-==TTTE8S°L - X2850°0 = £

650=4

ﬂ i ® ® FIOET -X900°0=4A
LS0=Y

TTFST - XS6L0°0 = 4

supporny sapdry o - sppaeuequsgaejod @ [esrdosyesadway o

% Jwg

FZ

iz

=1 srer wrE

e sl s "
60

oo BE0

Je——

e——

oE
aopmrmpordy eovisfinmopoussd

8T

wr

960 SrE

Lo

samog wapods

bt rctell oo o bt FEU U UL YW 53 b U o popy gy

2101 MOYS +
- w iPiEWag oibioln ‘sjeleA BSyEULY

saysiy ul axmeladws] Apoqg pue uonejAyiawl YNJ

LZL-LLL sabed '9pog tequisdaq OE 'S8E swWnjop

. ausn




Downloaded from genome.cship.org on May 2, 2017 - Published by Cold Spring Harber Laboratory Press

Research

Epigenetic modification and inheritance in sexual
reversal of fish

Changwei Shao, /& Qiye Li %3458 Songlin Chen, 7 pej Zhang,2 Jinmin Lian,?

Qiaomu Hu,’ Bing sun,’ Lijun Jin,2 Shanshan Liu,’ Zongji Wang,z'z‘ Hongmei Zhao,?
Zonghui Jin,? Zhuo Liamg,1 Yangzhen Li,! Qiumei Zhemg,2 Yong Zhahg,2 Jun Wa mg,2'6'7
and Guojie Zhang®*?

Yellow Seq Fisheries Research Institute, CAFS, Key Lab for Sustainable Development of Marine Fisheries, Ministry of Agriculture,

Epigenetic mechanisms (i.e., DNA
' methylation) are involved in

' determining sexual traits and sex
' specific gene expression

' To look at brain because of its role in behavioural
differences between sexes, as well as it is the second |
- most sexually dimorphic organ (after the gonads)
and there is a wealth of evidence supporting sex
 specific gene expression other organisms




Epigenetics can explam enotypic

variance that cannot be explained by
genetic variance

Wild Adantic salmon
' Hpall Mspl Hpall Mspl Hpall Mspl BN e —
- | |
I § |- L
v e P— M - B
"
oA * } -\,.t-’ ™~

z«-‘!{"n -

1 phenotype 0-1 phenotype 1-0 phenotype

@‘;V‘ 3 y 7 GeneHc. AFLP: EcoRI + Msel

EpigeneHc. MS-AFLP: EcoRI + Hpall or Mspl




Epignetics and Stres_

30 nNroCiT =
Sea bass Z
20
Thermal stress 15 Diaz & Piferrer (2015).
10 BMC Genomics
05
00
LT HT
anmt1
s i 5
. R - . c
Zebrafisn &
Confinement :
5 15 33 65 Valdivieso et al. (Unpubl. Obs.
Str% Number of fish per liter ( p )
nr3ci
= 2 ab
5-4 bc

8 16 a3 66
Number of fish per liter



DNA methylation

epigenetic mechanisms increased
mutability

For example, the rate of C-to-T mutations is 10-
fold to 50-fold higher in humans’ methylated
cytosines

(Duncan and Miller 1980; Bulmer 1986, Britten et al. 1988; Sved
and Bird 1990).

patterns of depletion of CpG dinucleotides
include adaptive mutations or reflect neutral
and tolerated genomic changes

(Flores antiildan2011) ‘




Aquaculture Archimer
August 2009, Volume 293, Issues 3-4, Pages 125-156 Archive Institutionnelle e ['fremer
http-//dx doi.org/10.1016/f aquaculture 2009.04.036 Itip:/fvaww sremer fridocelec/
© 2009 Elsevier B.V. All rights reserved.
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Polyploid fish and shellfish: Production, biology and applications to
aquaculture for performance improvement and genetic containment

Francesc Piferrer™ ', Andy Beaumont®, Jean-Claude Falquiére*, Martin Flajshans®, Pierrick
Haffray®, and Lorenzo Colombo’

# Insitut de Ciéncies del Mar, Consejo Superior de Investigaciones Cientificas (CSIC), Passeig Maritim, 37-49,
08003 Barcelona, Spain

® School of Ocean Sciences, College of Natural Sciences, Bangor University, Menai Bridge, Gwynedd LL59 5AB,
Wal

ales, UK
¢ Station IFREMER, Pointe Fort, 97231 Le Robert, France
® University of South Bohemia Ceské Budéjovice, Research Insfitute of Fish Culture and Hydrobiology, Zatisi
1 180 75 Vnrifanu C7arh Panthie

DNA methylation an

YPIOlI

Spontaneous polyploids have been observed in
several phylogenetically distant orders, including
both wild and farmed fish species. In the vertebrates,
polyploid species are not exclusiveto fish, since they
have been reported in different groups, from
amphibians to occasionally even in mammals.
Polyploids can originate either from alterations of
melotic or mitotic processes in specimens within a
species (autopolyploidy) or by reproductive contact
among species (allopolyploidy).

Schulz R.J. (1967) Gynogenesis and tmploidy 1n the viviparous fish
Poeciliopsis. Sciencel 57:1564-1567.
Thorgaard G H. Gall G AE (1979) Adult tniploids 1n a rainbow trout fanuly. Genetics

O03: 961-973.

Piferrer F.. Beaumont A .. Faleguere J.. Flajshans M., Haffray P. (2009) Poly
and shellfish: Procduction. biology and applications to acuaculture fog
improvement and genetic containment. A quaculture 293:125-15¢




" conclusion  mm5

onclusion

-Epigenetics can explain the phenotypic variance that
cannot be explained by genetic variance

-Eplgenetic mechanisms provide or ganisms with the
ability to integrate genomic and environmental
Information to produce a given phenotype

-The effect of the environment can be passed down to
the following generations even if the original stimulus
IS no longer present. Thisopensthe possibility of
epigenetic programming in animal husbandry, which-is
a hon-pharmacological approach to producti
Improvement
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Conclusion

-Timing iIseverything. Effectsare stronger if the
stimulus occurs during early development.
Epigenetic modifications can be permanent and are
Involved In the process of domestication

-Transgener ational epigenetic inheritanceisatype
of non-Mendelian inheritance that involves
retention vs. reprogramming of epigenetic marks
and is dependent on DNA methylation
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The regulatory effects of DNA
methylation could be divided
in two broad categories

Specific
a particular General
gene activity is .
directly methylation
influenced by causes changes
methylation of in the chromatin

its regulatory
regions,

structure




Specific m

Tahle 1 Summary of gene, transposons, and promoter fragments of genome differentially regulated through DNA methylation as an epigenetic

repIro graimrming
S,  Genome region Plant Methylation Stress Mode of action References
MNo. status
Transposons
1 TAM3 Antirrhinm ma jus Hypomethylation Low Methylation at Hashida et al.
LEmpe ranires CHH maotifs 1 2006)
siress
2 MubR Maize Hypomethylation N+ Increases the expression Hashida et al.
implantation of mudrA and mide 12006)
3 Ac/Ds Maize Demethylation Cold stress Cold-indnced root-specific Steward et al.
T S S 0 demethylation (20000
Gene/coding segment
1 Ml Maize Demethylation Cold stress Cold-induced root-specific Steward et al.
demethylation (20443
2 Nuclear Mesembryantfemum  Hypermethylation  High salinity CpNpG methylation Dvachenko et al.
genome crvstallinu (2006)
3 Sodamm Arabidopsis Hypomethylation  Salt tolerance  Loss in cviosine methvlation Back et al. (2011)
[T &S POrte T in a putative small RNA
gene target region
(AtHKT1)
4 Non-ransposon  Tomato Asymmetric CNN - Water stress Drought conditions brought Gonzilez et al
Asrl methy lation about higher CG methylation (2011)
levels in the first exon
5 NiAlixl Tobacco Hypomethylation  Tobaceo Altered DNA methylation Wada et al. (2004)
HOSLIC ViFlS
Promotor
1 Glymal 1g24))  Soybean Hypomethylation  Salinity stress =318 to =274, most of the Song etal. (2012)
cytosines were demethylated
following exposure to salinity
stress for 1-24 h
2 Glymal6g27950 Soyhean Hypomethylation ~ Salinity stress  Hypomethylation at transcription  Song et al. (2012)
start codon (+24 to +233)
3 Glyma20g30840 Soybean Hypomethylation ~ Salinity stress  Hypomethylated cytosines at Song et al. (2012)
promoter region 1 (=87 to 4163}
4 RMGI promoter  Arabidopsis Demethylation Pseudemonas  RMG] is targeted by RADM and Y et al. (2013h)
fyringae ROS1-Dependent DNA

demethvlation




The methods of tota
analysis

methylation

Small, moderately methylated genome
Genome size: (Arabidopsis, rice, tunicates,
some insect species)

SN SN

Application: Whole-genome analysis Methylation polymorphism Whole-genome analysis

/N | l

Bisulfite conversion,

Large, heavily methylated genome
(human, mouse, zebrafish)

Restriction enzyme Restriction enzyme and/or

Methylation : restriction enzyme o . 5% ;
. enrichment, . Bisulfite conversion affinity enrichment
detection: i s enrichment,
affinity purification i Cortsionl of unmethylated DNA
affinity purification
Genomic S TS TR R
apBibaaH array e lllumina bead array:

Daniel Zilberman, and Steven Henikoff Development 200,



Luminometric m

(LUMA)

Genomic DNA

Restriction
cleavage

Pyrosequencing

Step 1

Step 2

EcoRl + Hpall
or
EcoRl + Mspl
Polymerase ,_\* l
AATT -_—————
—_—— GC
+ dATPuS
AATT -_———_——
AA i Sy GC
+dCTP + dGTP
AATT ey CG
AA A GC
+dTTP

—_——

+2 x PPi (—)

A T G C T A A A A GT

= Prirnar
112

110
108
106
104
102

100 T
A C+G T C+G
Step 1 2 3 4

aps PP

luciferin

+2 x PPI

Sulfurylase

+ 2 x PPi
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Luminometric methods (LUMA )

DNA isolation

Tika izmantotas tris DNS izdaliSanas metodes:

izsalisanas metode Aljanabi 1997

metode ar fenola-hloroforma attirisanu

izdalisSana ar DNeasy Plant MiniKit palidzibu ar razotaja rekomendacijam.

Nucleic Acid Conc : 383.08 ng/uL
0D260/280 : 180

0D260/230 i 146

0D260

00280

00320

Pathiength (mm) 0672 Bl fminihenininaibiibaphsinvrpininnibniisnisinet b iunatemiagf ibaittinaINgre s eat Rar R RN RED a8 Rbabew b p et b o L Pr b b IR e 1y b snins | BEELTFhaimrrndedqrabit| oot ninabnbnyiog

Dution

n
20
0020 6892
86
67,
000
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AR

Our study showed that LUMA is sensitive to poor
guality and DNA fragmentation



Luminometric metho

Hpall digest

Hpall(C + G
5 EcoRI(A)
=
O
< L B K _ [

Per cent methylation is calculated

1-(Hpal I (G)/EcoRI(T))/(Mspl (G)/EcoRI (T)) x100, where Gand T
for Hpall or Mspl (methylation) and EcoRI (input DNA), respectiv
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Plant genetics

EVALUATION OF LUMINOMETRIC METHODS FOR
STUDY OF THE GC AND GNC METHYLATION
IN NUCLEAR DNA OF SOME PLANTS

Natalja Shkute*, Dmitrij Uzhameckis

Ecology Institute, Daudagpils University,
Vienibas 13, LV-5400 Daugavpils, Latvia
e Sp author. E-mail: natalja.skute@du.l

Enzymatic methylation of nuclear DNA with creation of 5-methylcytosine (5mC) is one of

major mechanisms of epigenetic modification. Change in overall DNA methylation pattern

Mspl digest

_____________________ Mspl(C+G). . ..
Mlib i
........................ EeoRIUAY oot
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Perccottus glenii

The study of invasion success must be
considered complete with the evolutionary
genetics, as it might be correlated with the
genetic polymorphism of populations, which
directly influence the invasive species capacity
for dissemination (Lee, 2002).

111!

Trikarta lake Zirga lake Lubasta lake Olimpijska lake

Perccottus glenii, caught in. Lake
Trikartu, Daugavpils A., Pupins M.,
Skute A., Pupina Ag., Karklins A.
2015
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