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Az emberi genom

Az 6rokits anyag a DNS Genom: egy sejt teljes 6rékitbanyag-mennyisége

2m/sejtmag ~ 1013 sejt

A szervezet egészére nézve a Hold-Fold
tavolsag 651x-e!



Bazissorrend

Két személy genomja 99,5%-ban azonos. Az ember genomja alig (1,6%-ban)
kiilonbozik a csimpanzétol




Az emberi genom

(22+1) par kromoszéma/testi sejt
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~ 3 milliard bazispar/genom
20-23 ezer fehérje kodold gén (genom 1,2 %-a)
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Conrad Hal Waddington
1905-1975
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differencidalodads sordn létrejévé sokféle
sejt fenotipust és a kérnyezeti hatdsok
hogyan alakitjak tovabb ezt a fenotipust



Waddington, 1942

unipotens RN\

Az egyedfejlodés irreverzibilis ?



Ugyanaz a DNS tartalom, de > 200 sejttipus

.....

From Genome to Epigenomes —
Cellular Differentiation ., .
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Michael S. Kobor et al. Centre for Molecular Medicine and Therapeutics and Mike Jones and Komarki HeLa wybariowne Hoechst 33258



Epigenetikai ,tajkéep”

Kevin Mitchell, adapted from Conrad Weddington’s Epigeneticlandscape, www.wiringthebrain.com



Epigenetikai szabalyozas

» A genom kovalens és reverzibilis médositasa,

az 6rokolt DNS nukleotid sorrendjének valtozasa nélkiil
> A gének aktivitasara hat (erdsités, csokkentés)

> Oroklédhet (mitdzis, meidzis)

Without epigenetic marks With epigenetic marks

DNA ' Histones

Nucleosome
1

Kelly Romeo, Salomé Adam & Zachary Gurard-Levin, InstitutCurie



A génszabalyozas epigenetikai tényezoi
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Telomere DNA
Telomeres built base by b

The DNA sequence varies slightly
between species. The one shown

Chromosomes phere js from Tetrahymena.
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Telomere DNA Protein

4. Telomerase

Yan M S et al. J Appl Physiol 2010;109:916-926, American Physiological Society, NoberPrize.org ~



DNS metilacio

3 human DNS metil-transzferaz:

* DNMT1 - Fenntarto metiltranszferdz

* DNMT3AYN\ de novo metiltranszferdzok —fokozott expresszid az embrid
* DNMT3B_ beagyazodasakor, amikor egy de novo metilacios hulldm éri a genomot
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Chromosome

Telomere

Centramere

* Transzkripcionalisan Kondenzalt kromatin
aktiv kromatin (eukromatin), (heterokromatin), zart *
hozzaférhet6 transzkripcionalisan

Copyright @ 2006 Nature Publishing Group
Nature Reviews | Cancer



mMiRNS-ek

DNA mRNA protein

database of specific instructions functional product
instructions

Nuclear noncoding RNA
(Gomafu, Xist, NEAT1, NEAT2)

microRNA

regulators

aner RNA Noncoding RNA
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A ,,Szemét” DNS cafolata

A gének szamaC. elegansban: 20.060
(vs. Human: 20.364)

Minél komplexebb
egy élolény, a
genomjanak annal
nagyobb része
nem-kddolad.
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Agouti egerek —azonos génallomannyal

Randy Jirtle and Dana Dolinoy



Az anya taplalkozasa és az epigenom
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L Léss methyl - genes ON

Moke methyl - Genes OFF = =

National Human Genome Research Institute



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

http.//learn.genetics.utah.edu/content/epigenetics/nutrition/



Bundajuk ,,szinkddként” jelzi a DNS metilacio mértékét

DNA _
Histone tail Nucleosome

Active chromatin: Condensed chromatin:
Hugh D. Morgan accessible inaccesible



Anyai taplalkozas hatasa a gének kifejez6désére

Bisphenol A
2 Wik
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Rima Chaddha



A genetikan ,tuli” elhizasra haté epigenetikai tényezok

Taplalkozas Bél mikrofléra

Szocialis
statusz

Technoldgiai
fejlodés
Tarsadalmi
hatas

Kornyezeti
szennyezettség
Pszicholdgia

doi:10.1371/journal. pgen.0020188.9002



Methylation

Epigenetikai valtozasok

Genome-wide demethylation De novo genome-wide and tissue specific methylation
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Epigenetikai valtozasok

WITHOUT A TRACE

Researchers are struggling to understand how epigenetic
marks, such as DNA methylation, could pass from one
generation to the next in mammals. During development,
the cells destined to become sperm undergo multiple
rounds of epigenetic scrubbing and reprogramming.

Egg

with differe -:f /_/ Zygote
L

SPERM-CELL DEVELOPMENT

Developing
reproductive cells

http://www.nature.com/news/epigenetics-the-sins-of-the-father-1.148 16



Epigenetikai valtozasok és kovetkezményei

SZOMATIKUS VALTOZASOK
e Epigenetikai jelek
sztochasztikus kialakulasa
e Kornyezet indukalta epimutacio
e Véletlenszerti, kor-fliggd epimutacio

VALTOZASOK A CSIRAVONALBAN

e Csirasejtek epimutacioi

¢ A sziil6i mintazat (pl. metilacios)
nem teljes kitorl6dése

Transzgeneracios
epigenetikai 6roklodés

Epigenetikus variacidk
egy generacion belil

Dr. Téth Sara dbrdja alapjan



Tobbgeneracios hatas

A dohanyzas hatdasara kialakulo megnovekedett asztma-kockazat a masodik generaciobanis jelen van.

Nagymama dohanyzik varanddssag idején

!

unoka nagyobb asztma kockazat OR=1.8
(fuggetlendl attdl hogy anyuka dohanyzott
e a terhessége alatt)

Mother - 1st generation
Fetus - 2nd generation

Reproductive cells - 3rd generation

Ha anyuka is dohanyzott => OR=2.6

Li et al. Maternal and grandmaternal smoking patterns are associated with early childhood asthma. Chest 2005;127:1232-1241
Dr .Falus Andrds dbrdja alapjdn



Betegségek eredete

Or6klédé betegségek Nem 6roklédé betegségek
»(mindigvan kornyezeti »(mindigvan oroklodo
komponense) komponense)

Fert6zés (?), Baleset, Rakkelt6 anyagok(??)



LN 0 X X X X < X X

Epigenetikai hatasok

ontogenesis-anyai hatas
taplalkozas, hidratacio
fizikai aktivitas
gyogyszerek

mérgek, dohanyzas
fert6zés, sugarzas

fény

zene

stressz

magatartasi, lelki, meditativ hatasok
szocialis kornyezet

microbiota — egyiittélé mikrébak

Dr .Falus Andrds dbrdja alapjan
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Ikervizsgalatok

Egypetéji ikrek Kétpetéjli ikrek

* egy megtermékenyitett petesejt - két petesejttermékenyil meg,
kettéosztodik, - majd két embrid és két magzat fejlédik

e ¢éskét magzatfejlédik belble belble

 génjeik 100%-a azonos - génjeik 50%-a azonos




Ikervizsgalatok

MENNYIRE HASONLITANAK?

* Egypetéjd ikrek? * Kétpetejl ikrek

Ha MZ hasonldsag>> DZ hasonldsag

!

a kérdéses vonas részleges genetikai kontroll alatt all.



IKERVIZSGALATOK

Konkordancia egypetéjii és kétpetéji ikrek kozott %-ban

borléc
Ajak-,szajpad hasadék

pylorus stenosus

skizofrénia

Inzulin dep.
diabetes mellitus

Manias depresszio
csipoficam

Reumatoid artr.
1Q

testmagassag

egypetéjl
Mennyire tér el a
100%-t4l

kétpetéjli
Mennyire tér el az
50%-t6l

95 49
40 4
22 2
46 14
30 6
70 15
a1 3
30 5
90 60
95 52

Konkordancia:
az ikerparok hany %-a azonos az
adott tulajdonsag tekintetében.

Minél nagyobb a konkordancia érték, annal hangsulyosabb a gének szerepe

Dr .Falus Andrds dabrdja alapjdan



MZ és DZ kulonbségek

Percent of twin pairs who share the trait
0% 100%

greater
genetic
influence

Height

Reading Disability

Autism

Alzheimer's
Schizophrenia
Alcoholism
Bipolar Disorder
Hypesrtension
Diabetes

Multiple Sclerosis
Breast Cancer
Crohn's disease
Stroke

greater

Rheumatoid Arthritis e environmental
influence



Konkordancia: azikerparok hany %-a azonos az adott tulajdonsag tekintetében.

Table 3 | MZ and DZ twin concordance for complex disease

Type 1 diabetes

Type 2 diabetes

Multiple sclerosis

Crohn’s disease

Ulcerative colitis
Alzheimer’s disease
Parkinson’s disease
Schizophrenia

Major depression
Attention-deficit hyperactivity disorder
Autism spectrum disorders

Colorectal cancer

Breast cancer

Prostate cancer

Probandwise concordance*

(%)

MZ twins
429

34

25.3

38

15

32.2

15.5

40.8

31.17 or 47.6°
82.4

93.7

11

138

18

DZ twins
1.4

16

5.4

2

8

8.7

11.1

ThE

25.1% or 42.6°
379

46.7

5

Q8

3

Refs

129
130
149
150
150
134
151
152
153
154
155
114
114
114

van Dongen J. et al. (2012) The continuing value of twin studies in the omics era. Nature Reviews Genetics 13: 60—653
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Identical but different-

low concordance rates for common disease in MZ twins

IHD death
depression
colon ca
Breastca
RA

OA

B MZ concordance

B MZ disc
autism

schizophrenia
DM type
DM type 1

0% 50% 100%

Tim Spector, Professor of Genetic Epidemiology at Kings College, London

35



Epigenetikai eltérések lehetséges forrasai

» Epimutaciok
» |In utero hatasok
Chorionicity
Twin-to-twin transfusion syndrome

» Kornyezeti tényez6k

» Pontmutaciok
SNPs, CNVs



Three types of monozygotic placenta and membranes

Embryo Yolk sac

A
Cleavage
—_
p Days 1-3
Inner cell Amniotic
cell mass Embryo cavity
R { | Cleavage
.rl,\ " d Days 4-8
{ § » \ SR i I R
| ey
.l._ v/. . !
Two-cell Yolk sac o
embryo eavage
L Blastocoel i Chorionic cavity —_—
Amniotic %, R Days 8-13
cavity g Lo
o / Implanted
Embryo. s\ oY Blastocyst Monochorionic/Monoamniotic
C
» » Cleavage
—
Days 13-15
Yolk sac Eg Embryonic Disc Conjoined Twins

A=dichorionic diamniotic pregnancy. B=monochorionic pregnancy. C=monochorionic monoamniotic pregnancy.

37

Massachusetts Medical Society



Ikrek és epigenetika

Valdban 100%-ban azonosak az
egypetéjliek?

- Specifikus pontmutaciok, uniparentalis
diszdmia, triplet ismétl6dés vastagodas,
kromoszomalis mozaicizmus stb.

- Képiaszam és telomér hosszusagban lévo
kiilonbségek

- Aszimmetrikus X-kromoszoma inaktivacio




Figure 1. Types of movements.

Castiello U, Becchio C, Zoia S, Nelini C, Sartori L, et al. (2010) Wired to Be Social: The Ontogeny of Human Interaction. PLoS ONE

5(10): e13199. doi:10.1371/journal.pone.0013199
o 0
@ PLOS | one
® .

http://journals.plos.org/plosone/article?id=info:doi/10.1371/journal.pone.001 3199




Az iker magzatok kialakulas

differential differential inner cell mass
skewing X- methylation damage
Inactivation
s . .
zygote « MZ twins
Yg splitting

A zigdta szétvalasanak lehetséges kivaltoi

Zwijnenburg, PJ., H. Meijers-Heijboer, and D.l. Boomsma, Identical but not the same: the value of discordant monozygotic twins in genetic
research. Am J Med Genet B Neuropsychiatr Genet, 2010. 153b(6): p. 1134-49



Az iker magzatok kialakulas

genetic mechanisms — discordance

post-zyqotic chromosomal non-disjunction
post-Zygotic mutation

differential triplet repeat expansion
different levels of mosaicism or heteroplasmy

copy-number variations (CNVs)
differential telomere length reduction
differential methylation

skewed X-Inactivation

Az MZ diszkordancia lehetséges okai hatterében allo (epi)genetikai mechanizmusok

Zwijnenburg, PJ., H. Meijers-Heijboer, and D.l. Boomsma, Identical but not the same: the value of discordant monozygotic twins in genetic
research. Am J Med Genet B Neuropsychiatr Genet, 2010. 153b(6): p. 1134-49



Epigenetikai valtozasok az id6 elérehaladtaval egyre kifejezettebbek

Fraga, M. F. et al. Epigenetic differences arise during the lifetime of monozygotictwins. Proc. Natl Acad. Sci. 102, 10604-10609 (2005)
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Fraga, M. F. et al. Epigenetic differences arise during the lifetime of monozygotictwins. Proc. Natl Acad. Sci. 102, 10604-10609 (2005)



Longitudinal analysis of epigenetic changes in a population cohort of monozygotic twins.

Tissue-
specibe  Leukocyte-
mark specific gene

Q00 = 'E‘i" Q @00 - e _ O
Tissue- Stochastic
specific mark change

W0 oy ® W0 Lo O

Induced change

OOOEO OOOOE. Q
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Nature Reviews Genetics 14, 585-594 (2013)




Az egypetéjl iker diszkordancia epigenetikai modellje a komplex
megbetegedésekben (pl. schizophrenia)

Normal twin

DEVELOPMENT, ENVIRONMENT, HORMONES, STOCHASTICITY

Affected twin
Inherited ’
epigenetic ‘
predisposition <
Epigenetic Reaching the Remission Relapse
changes ‘threshold'.
during First episode
development psychosis

Wong, C.C., et al., A longitudinal study of epigenetic variation in twins. Epigenetics, 2010. 5(6): p. 516-26



Summary of epigenetic studies using MZ twin pairs discordant for disease or trait.

Table 1. Summary of epigenetic studies using MZ twin pairs discordant for disease or trait

Study

Year of
publication

Sample size
(pairs)

Coverage

Laboratory
method

Statistical
method

Discordant trait

Finding

Weksberg et al.

Petronis et al.

Oates et al.

Mill et al.

Kuratomi et al.

Kaminsky et al.

Mastroeni et al.

Javierre et al.

Baranzini et al.

Nguyen et al.

Harder et al.

Tierling et al.

Souren et al.

Dempster et al.

Gervin et al.

Runyon et al.

Souren et al.

Wong et al.

2002

2003

2006

2006

2008

2008

2009

2010

2010

2010

2010

2011

2011

2011

2012

2012

2013

2014

10

2

1

12

22

27

21

17

50

KCNQ10T1
gene
DRD2 gene
AXINT gene
COMT gene

Genome-wide

Genome-wide

Genome-wide

Genome-wide

Genome-wide
Genome-wide

NF1 regions

Candidate
regions

Candidate

regions

Genome-wide

Genome-wide

Selected loci

Genome-wide

Genome-wide

Southern blotting
Bis-seq

Bis-seq

Bis-seq

MS-RDA

Array

Immunohisto-
chemistry

Array

Array

Array

Bis-seq

Bis-seq

Bis-seq

Infinium array

Infinium array

Bis-seq

Infinium array

Infinium array

Descriptive
Descriptive

Descriptive

Descriptive

Descriptive

Descriptive

t-test

Paired t-test

Descriptive

SAM

Paired t-test

Descriptive

Paired t-test

Paired t-test

Paired t-test

Paired t-test

Rank test

Paired t-test

BWS
Schizophrenia

Caudal duplication

Birth weight

Bipolar

Risk-taking
behaviour

Alzheimer’s disease

Systemic lupus
erythematosus

Multiple sclerosis

Autism

NF1

BWS

BMI

Bipolar

Psoriasis

Asthma

Birth weight

Autism

Loss of imprinting predisposes
to BWS

High epigenetic similarity in
affected twins

High methylation at promoter
region of AXIN1 gene in
affected twin

Epigenetic variation in MZ twins
may play a key role in the
etiology of psychopathology

Altered DNA methylation of
PPIEL is associated with
bipolar

Some DNA methylation
differences may have
developmental and
behavioural implications

Low levels of DNA methylation
observed in temporal
neocortex neuronal nuclei of
diseased twin

Twin discordance is associated
with widespread changes in
DNA methylation

Very few changes in CpG
methylation between siblings

Epigenetic contributions to
autism confirmed

DNA methylation of normal NF1
allele responsible for
modification of NF1
phenotype.

KvDMR1 was exclusively
hypomethylated in all cell
types of the affected BWS twin

DNA methylation variability at
nine regions does not
contribute to discordancy in
BMI

Further evidence for DNA
methylation in the etiology of
major psychoses

Epigenetic alteration potentially
contributes to the development
of psoriasis

Differential function of T cell
subsets is regulated by
changes in DNA methylation

No distinguishable genome-
wide DNA methylation
differences due to birth weight
discordance

Numerous differentially
methylated regions associated
with autism

MZ, monozygotic; BWS, Beckwith—Wiedemann syndrome; NF1, neurofibromatosis type 1.

Qihua Tan et al. J Exp Biol 2015;218:134-139



| ENCODE

fome | Research | Threads | Additional Research | News and Comment | About | Sponsor

PRODUCED WITH
SUPPORT FROM

ENCODE illumina'

Welcome to the

ENCODE

Access the collected papers by exploring the
thematic threads that run through them, with
topics such as DNA methylation, RNA or
machine learning

Both chromatin accessibility
and histone modifications have
different patterns around
different transcription factor

binding sites Select a thread t

®e

What is ENCODE? Threads: a new approach Guide to the ENCODE expl

http://www.nature.com/encode/

While epigenetics refers to the study
of single genes or sets of genes,

epigenomics refers to more global
analyses of epigenetic changes
across the entire genome.

Roadmap Epigenomics Project

IPROJECT DATA Il.’IAPPIMG CENTERS IPROTOCOLS & STANDARDS

Search:

|PuBLICATIONS |nEws

G

HOME PARTICIPANTS DATA PROTOCOLS QUALITY METRICS TOOLS NEWS / PUBS

A

Histone

Chromatin Modifications

NIH Roadmap Epigenomics Mapping Consortium

The NIH Roadmap Epigenomics Mapping Consortium was launched with the goal of producing a public resource of
human epigenomic data to catalyze basic biology and disease-oriented research. The Consortium leverages
experimental pipelines built around next-generation sequencing technologies to map DNA methylation, histone
modifications, chromatin accessibility and small RNA transcripts in stem cells and primary ex vivo tissues selected to
represent the normal counterparts of tissues and organ systems frequently involved in human disease. The
Consortium expects to deliver a collection of normal epigenomes that will provide a framework or .reference. for
comparison and integration within a broad array of future studies. The Consortium also aims to close the gap
between data generation and its public dissemination by rapid release of raw sequence data, profiles of epigenomics
features and higher-level integrated maps to the scientific community. The Consortium is also committed to the
development, standardization and dissemination of protocols, reagents and analytical tools to enable the research
community to utilize, integrate and expand upon this body of data.

UCSC Browser Mirrors

« http://www epigenomebrowser.org

« http://genomebrowser.wustl.edu/

Data Repositories
- NCBI Epigenomics Gateway

« Epigenome Atlas

NEWS

6 Epigenome effort makes its mark
oCcT

7 Epigenomics of Human Health and Disease

JUL
Archives >




HONNAN TUDHATO, HOGY EGY BETEGSEG OROKLODO
VAGY SEM?

Csaladi halmozddas
PROBLEMAK
A CSALADI HALMOZODAS
ERTEKELESEBEN

Az emberek nemcsak génjeiket, hanema \

kornyezetiket s atadjak gyermekeiknek.

. epee g e . Ik
Nehéz megkiilonboztetni ezeket. .er .
vizsgalatok

Orokbefogadottak
vizsgalata

,memetika”

Dr .Falus Andrds dabrdja alapjdan



Orékbefogadasi vizsgalatok

Kire hasonlit jobban betegségei tekintetében?
Az orokbefogadd, vagy a bioldgiai szileire?

» Erds konkordancia az 6rokbefogado sziilokkel
=== a koz0s kornyezet a felelGs

» Erds konkordancia a bioldgai sziilokkel
=) a betegség genetikailag meghatarozott

 Egyutt nevelkedett, de genetikailag

Ktlon nevelt ikrek teljesen kiilonb6z6 emberek
— Teljesen azonos gének, — Kiilonb06z6 gének,

— eltérd csaladi kornyezet — megegyezo csaladi kornyezet.



Oroklés vagy Kérnyezet?

Genetika miRNS Epigenetika
ncRNS
SNP, CPG metilcié
mutaciok .
’ iIszton
Fenotipus modifikécio

Régebben:

Toxinok .
Patogének Tapanyag

Drogok
Kornyezet

Nature.com Kidney International 79, 23-32 (January (1) 2011) | doi:10.1038/ki.2010.335
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