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Histones

Histane tails
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The two main components
of the epigenetic code

DNA methylation

Methyl marks added to certain
DNA bases repress gene activity.

Histone modification

A combination of different
molecules can attach to the ‘tails’
of proteins called histones. These
alter the activity of the DNA
wrapped around them.

Chromosome
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(Thurman et al. (2012) Nature)

Transcription factor

expression

- if DNA methylation would
be an active process,
methylation levels would be
independent of TF
concentration

- what we observe, however,
is that the higher the
expression for a TF, the less
methylation can be observed
at its binding sequence

- this suggests that
methylation is passive, and
occurs wherever DNA is not
bound by other factors
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- after new methylation, these NRF1 sites disappear

(Domcke et al. 2015 Nature)
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- Binding of methylation-sensitive TFs can happen after DNMT-function impairment, or as the result of the

binding of methylation-insensitive TFs (these induce local demethylation)

(Domcke et al. 2015 Nature)
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(Yin et al. 2017 Science)
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maintenance deaminase
suppression Shme activity?

passive active

- The 5mC-5hmC conversion could be the first step in the passive demethylation of the paternal genome at
the beginning of development

- Active (Tet-dependent) demethylation occurs in PGCs ) )
(Hackett and Surani 2012 Phil Trans Roy Soc B)
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A Insulator model of imprinting: the H19//gf2 locus
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(Glant et al. 2014 BMC Medicine)
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(Margueron and Reinberg 2010 Nat Rev Gen)
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- Repressive histone-modifications are lost during cell divisions

(Coleman and Struhl 2017 Science, Laprell et al. 2017 Science)
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(a) Model of DNA methytation directing histone methylation
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Genomic coverage (%)
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- Cells in different tissues express different sets of genes, but they all have the same genome
- Epigenetics has a major role in deciding which genes are transcribed at a given timepoint in a cell
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- most often occur at developmental genes
- the bivalent modifications get resolved over time
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- the right combination of hypo- and
hypermethylated sites can predict the age of the

sample tissue with high accuracy

(Gopalan et al., 2017 Genetics)
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Dynamic transcription
and recruitment of TrxG and |
PcG chromatin regulators
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(PcG = Polycomb Group Protein; TrxG = Trithorax Group Protein)

(Guenther and Young (2010) Science)
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Could IncRNAs silence genes in other chromosomes?
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(Amandio et al. (2016) PLOS Gen)

BUT: Denis Duboule’s group has knock out the
whole HoxC cluster before (including HOTAIR)

with no phenotype. How is this possible?
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In prokaryotes m6A methylation is essential (m5C is not observed), but recently has been detected in
eukaryotes as well.

(Heyn and Esteller (2015) Cell
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- m6A is characteristic for the linker regions of Chlamydomonas, in the
proximity of the TSS (m5C is seen in the inside of the genes)

(Fu et al. (2015) Cell)
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- Posttranscriptional modification can affect RNA stability

(Li et al., 2017 Nat Meth)
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m6A regulates the stability of maternal transcripts during zebrafish
development
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m6A regulates HSC formation through the stability of notch1
transcripts
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- In the absence of MettlI3 (an m6A wirter) neither HSCs, nor
differentiated blood lineages can develop

(zhang et al., 2017 Nature)



H/ACA RNA - Substrate
(Yu and Meier, 2014 RNA Biology)

The ‘pseudouridylation’ complex The telomerase complex
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(Li et al., 2015 Nat Chem Bio)



4  Kozak sequence

6His
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Flag
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(Karijolich and Yu, 2011 Nature)



HN HNJ\”;N\> - A-to-1 RNA editing is catalyzed by ADAR (Adenosine
k dssitniton HZN)\N N deaminase acting on RNA) enzymes
HO.
k_% — ?—% i
OH or'f
guanosine (@) GluR1 GIluR3 ®) GluR1 GluR2
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A-to-1 RNA editing
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TRENDS in Neurosciences

- In the case of GIuR2 the Ca%* permeability of the
AMPA-receptor is altered after editing and this can

) change the dynamics of the membrane potential
\ Cytoplasm / \ Cytoplasm j g Y p

(Behm et al., 2017 J Cell Sci, Liu and Zukin, 2007 Trend Neurosci)




Pre-synaptic Post-synaptic
Cav1.3 Kv1.1 (KCNA 1) IONOTROPIC GLU-R GABA-A RECEPTOR 5HT2C RECEPTOR

¢ fastrecovery from inactivation reduced Ca2* influx faster deactivation

decreased Ca2*-dependent inactivation decreased ER-exit decreased stability : :
increased cellular Ca2* levels enhanced reactivation  reduced ER-exit Ll gl i

- The properties of many other ion-channels can be changed after RNA-editing

(Tarig and Jantsch, 2012 Frontiers in Neurosci)
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- In the case of Coleoid cephalopods A-to-I editing is the rule

(Liscovitch-Brauer, 2017 Cell)




Sepia K,2.1 specific editing site

- the K,2 potassium channel closes faster as the result of the
editing
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(Liscovitch-Brauer, 2017 Cell)
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Fy Germ line

Fo(female)

Multigenerational exposure Transgenerational

phenotype
Environmental factor

Fl+

Germ line

‘ ma|e)

Multigenerational exposure Transgenerational
phenotype

(Skinner, 2010 Nature)



Toadflax floral symmetry: the oldest example of
transgenerational epigenetic inheritence

- Toadflax (Linaria vulgaris) plants normally have flowers with
bilateral symmetry, but some plants have flowers with radial
symmetry

- Plants with radial flowers sometimes have offspring with bilateral
flowers, but the inheritance pattern is nowhere close to the
mendelian ratio

- Floral symmetry is linked to the function of the CYCLOIDEA-
like (Lcyc) gene, but this genes seems to be intact in plants with
radial flowers!
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DNA methylation spreadmg7 Reversion \ / g

(pure epigenetic change) (pure epigenetic change) 'f 29

—3¢ A o
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- Expansion in the methylation of a nearby TE can spread into the Lcyc locus

(Pecinka, 2013 Trends in Plant Sci)



Ectopic agouti expression "
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- The A% locus carries a retrotransposon (there are thousands of this
in the genome, usually in a methylated form)

- Interestingly the retrotransposon in the agouti promoter is
metastable - if it becomes hypomethylated acts as a cryptic
constitutive promoter.

- The five mice on the picture have exactly the same allelic
combination, their differences are epigenetic

- Agouti mice are not only lighter, but also heavier (pleiotropic
effects)

(Jirtle and Skinner, 2007 Nat Rev Gen)
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Outstanding questions:

Sper cell

How does information about given scents get to the spermium
(see also Weismann barrier for soma-germ line segregation.)
If this is true, is this specific?

This is theoretically a dynamic change in methylation: how can
be this protected during the demethylation wave that occurs
early in development.

(Szyf, 2014 Nat Neurosci)



daf-21p::mCHERRY
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- SET-25: histone methyltransferase, H3K9me3 specific

- A heat-shock inducible, multi-copy
transgene remains turned on for 14
(1) generations post heat-shock.

Fold change in set-25
relative to wild type

*okk

10

- As a result of the heat-shock a general SET-25 repression occurs
(therefore it takes several generations at other loci as well to

revert to the original)

(Klosin et al., 2017 Science)



Human examples: the Dutch Hongerwinter (1944/45)
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Fasting during pregnancy results in the

hypomethylation of the DMR region of IGF2, what

may persist over decades

(Heijmans et al, 2008 PNAS)
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BUT: no significant effect in F2

Table 2. Prevalence of F2 self-reported disease* according to F1

gender

F1 exposed F1 unexposed All
F2 of F1 men
n 52 99 151
Cardiovascular% 5.9 20 34
Pulmonary% 9.8 8.2 8.7
Hay fever% 19.6 306 26.8
Eczema% 255 245 248
Cholesterol% 0.0 20 1.3
Diabetes% 0.0 20 1.3
Hypertension% 39 20 2.7
F2 of F1 women
n 106 103 209
Cardiovascular% 1.9 40 3.0
Pulmonary% 49 5.0 49
Hay fever% 20.6 18.0 19.3
Eczema% 19.4 240 21.7
Cholesterol% 0.0 0.0 0.0
Dizbetes% 1.0 0.0 0.5
Hypertension% 39 5.0 44

*Defined as answering in the affirmative to questions phrased as

‘has a doctor ever diagnosed’ or ‘has a doctor ever prescribed

medication for" the different conditions.

(Veenendaal et al., 2013 BJOG)



- As the result of the “Big Leap” 30-55 million
people may have starved to death

- Today only for schizophrenia can be

some association observed.

Repoet
number  Authors

1
Overweght

27 Wang et al. 2010 -~

36 Guan et al. 2008 ———————

M-H Subtotal {l-squared = 89.3%, p = 0.002)
D+L Subtotal

Events,
Events, controls (pre- and
OR (95% CI) famine births  pest-famine births)

104 (097, 1.12) 15654056 487312967
0.40(0.22,0.74) 17174 83218
103(0.96,1.10) 158214130 496613186
0.68{0.27, 1.72)

Obesity
27 Wang et al. 2010 e 094 (0.82, 1.07) 3101056 105012867
35 Znao et . 2013 - 0.72(0.35, 1.50) 991 TEISTT
M-H Subtotal (I-squared = 0.0%, p = 0.490} <> 0.93(0.82,1.06) 3194147 112613544
D+L Subtotal <y 0.93 (0.82, 1.06)
Diabetes
3 Liet & 2010 — 058 (0.34,0.88) 151005 17606669
9 Wang et al. 2015 — 1.09(0.86, 1.39) 96745 44313719
19 Xuetsl 2015 T—— 120(0.94, 1.52) 109/664 23872113
35 Znao et &, 2013 - 0.70(0.31,1.59) 7/81 61575
M-H Subtotal (l-squared = 57.9%, p = 0.068) e 1.04 (0.89, 1.21) 22712505 878/13276
D+L Subtotal . — 0.96 (0.73, 1.28)
Hypergiycemia
3 Lieta 2010 — = 089 (0.65,1.22) 481312 28016869
28 Liat & 2010 ——— 130(1.07, 1.59) 14112425 352/800%
35 Znao et . 2013 —_— 069 (0.40,1.18) 191 159/575
36 Guan et al. 2008 099 (0.35,2.81) 674 15219
M-H Subtotal (l-squared = 59.4%, p = 0.061) b 1.10(0.94, 1.28) 2133902 B16/15684
O+L Subtotal = b 0.99 (0.72, 1.36)
Hypertension
4 Liatsl 2014 — 0.70 (0.50, 0.83) 169/1005 1541/6859
6 Huang et al. 2010 - 0.94(0.87,1.01) 11316914 294317084
1 Chen et & 2013 = 1.05(0.79, 1.40) 85321 27911084
17 Wang et al. 2012 - 097 (0.86, 1.08) 40512911 11447098
19 Xu et 2015 —— 1.06 (0.90, 1.28) 256/793 79772573
35 Znao et sl 2013 —_—— 0.76 (0.46, 1.27) 2301 176/574
36 Guan &t al. 2002 154 (0.63,3.76) 874 160219
M-H Subtotal (l-squared = §1.6%, p = 0.018) % 0.93(0.88,0.08) 2077112109  B396/36411
O+L Subtotal <3 0.93 (0.83, 1.04)
Metabotic Syndrome
5 Liet s 2015 — 0.90{0.70, 1.16)  76/1005 5706863
10 Wang et al. 2015 —— 1.07 (0.88, 1.31) 1521701 71673485
29 Guan et al. 2008 —— 1.18(1.05,1.33) 403/3650 107211267
3 Zneng et al. 2012 ——— 1.14 (0.94, 1.37) 16711022 589/4018
M-H Subtotal (l-squared = 20.0%, p = 0.280) (<> 1.11(1.02,121) 7986378 2847725549
O+L Subtotal > 1.11 (1.00, 1.22)
Schizophrena =
14 Xu et &l. 2009 - 163(1.51,1.76) BO6/M26579 32231823873
15 St Clar et al. 2005 —— 154(1.39,1.72) 383/30087  3481/413982
M-H Subtotal (l-squared = 0.0%, p = 0.403) Lo 180 (1,80, 1.70) 1189/156666 5704/1243855
D+L Subtotal < 1.60 (1.50, 1.70)
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(Li and Lumney, 2017 Int J Epid)
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- This is correlation between two generation — we have no idea, what is causing
it, epigenetics is just one possibility (but the results also could be a statistical
fluke due to covariate mining)

(Pembrey et al , 2006 Eur J Hum Gen)



