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Emtiyevetikn

Enti-yevetikn: Mépa amo ti¢ KAAOLKEC apXEC TNG YEVETLKNG (over and

above)

e Conrad Hal Waddington (1905-1975)

EuBpuoAloyog, yevetotng kot ¢thocodoc
ELONYOYE TOV OPO ETILYEVETLKN. 2TO apBpo
Tou «The genetic assimilation of the
bithorax  phenotype», o0t10 TEPLOBIKO
«Evolution» to 1956 katadepe va Oeléel tnv
urtapén KANPOVOULKOTNTOC XOPOKTNPLOTIKWV
evoc TANBuopoU OXeTW(OMEVN HE OPXLKN
€kBeon oe mepLBaArlovrika epeBiopata.



Emtiyevetikn

» Metaypadkoc EAeYXOC TTOU TPOTIOTIOLEL TO TEALKO TIPOIOV EVOC
yovidilou xwpic va eTiidhEpeL aAAAYEC 0T VOUKAEOTLOLKN
aAAnAouyia Tou

» Emuyevetikn nAaotikotnta: KAnpovopeitol aAAa ival
avaotpePLun kaBwce kabopiletat amnod dtadopoug
nepLBaAAovVTIKOUC apayovTeC Kol epeBiopata

» OL KUPLOL LNXOWVLOLLOL ETILYEVETLKNC TtEPLAABAVOULV:
- LeBuAiwon tou DNA
- TPOTIOTOLNCN TWV LOTOVWV
- un Kwokomotovvta RNAs (miRNA, ncRNA)



Tpormomoinon L.oTovVwY, «LOTOVLIKOC KWOLKOLC»

H4

H2B C.-('mgo

H2A C-xpo0
\ -

@ Axstvro-hvoivn
O MeBuio-o.yvivn
@ Meovho-huaivy H2B
B ®wago-cepivn ‘

Kwdikog Lotovwv = TTPOTUTIO XNULKWY TPOTIOTIOLOEWV TIou KaBopllel
TLC TIEPLOXEC TOU YoviSLwpatog mou Ba ekppaotolv oe SeSoUEVN

XPOVLKN OTLYUA



KuTttapLlkol ETLYEVETIKOL pnxoviIopol

Metaypadkoi napdayovieg & ncRNA DNA puOpiotikég aAAnAov)ieg

Kwdikag Lotovwv Mupnviky otepeodiataén

TFs and ANA DA

interactions

Epigenetic state

Chromatin modifications Nuclear srganization

syl

Diversa cells and tissuas

(Nakamura et al., 2021)



[eVETIKN - ETlyEVETIKN

» Mmopouv ta epyadeia KAACLKAC YEVETIKAC TPOTOTOLNONC
va xpnotpomnolnBouv w¢ LNXOVIOUOL ETILYEVETLKNAC;

Epigenome
editing




KAQLOLKEC OTPATNYLKEC YEVETLKNC POOEYYLONC

EYOEIA NMPOZEITIZH

Eudeiae  (forward)  yevetikn
npooeyylwon: Moplokn TEXVLKN
mou &ekwva HE TapatAPNon
dowotunmov HE OTOXO TNV

p ’ i alA 3
Tautonoinon Tou umeLBuvou e | way Lom
yovidiou l

AAAnlovyion yovidiou kat
HEAETN TNC EKPPACTIC TOU

MetaAlayn |[—— Qawotunog — | [ovidlo




KAQLOLKEC OTPATNYLKEC YEVETLKNG TPOCEYYLONG

npooeyylwon: Moplokn TEXVLKN
mou &ekwva pE TO yovidlo
AyvVwoTNng AELToupyilac He oTo)XO

TOV XOPAKTNPLO ucl) TOUV MeAéTn @avoTimou peTaAAaypHéVou aTopou

dovotumnou

lovidlo | =—— OQawotunog =——

ANTIZTPOOH NPOZEITIZH

Avtiotpopn (reverse) yYeEVETIKN Ztoxeupévn Tpomomoinon alnouyiag

yovidiou-otoyou

|
|

Nerrouvpyikn avaluon yovidiou-otéxou

ﬁu
-

MetaAAayn




MeBoboL avtiotpodnc YEVETIKNC TPOTIOTIOLNCNC

» Knock-out: cuykekplpévn npooBnkn/adaipeon  ocnUeELOKA
aAAayn (side-directed mutagenesis) ywa dnuovpyla pn-
AeLTtoupyLlKwV aAAnAopopdwv

» Knock-down: amoowwninon €kbpaong evoc yovidiou, xwplc
novipn yovidiakn mapepfoaon pe xpnon RNAi (RNA interference)
N Morpholinos (oAlyopepidia)

> Knock-in: mpOKeLTAL YL LLA-TIPOG-HLOL OVTLKOTAOTO0N TNG
aAAnAouyiac tou DNA pLECQ O€ ULOL CUYKEKPLUEVN YEVETLKN
nepLoxn

» Overexpression: uTtepekdpoon evoc dpuatoloyLkoU yovidiou



E€EALEN epyaAElWV YOVIOLWHATLKNC TIPOOEYYLONG
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Shared Nobel Chemistry Prize, 2020
U M

A -\.

L)

" i

JenniferA. Doudna Emmanuelle Charpentier
Born in the USA, 1964 Born in France, 1968
University of California, Berkeley, USA Max Planck Unit for the Science

Howard Hughes Medical Institute of Pathogens, Germany



Quokn apuva Twv BaKkTnplwv

o Z&eviko DNA evowpatwvetal
oTo Baktnploko yovidiwpa

MpokapuwTiké KUTTAPO

(O-Tr]V CRISPR T[(C"pl'oxrll) / Zévo DNA \
@ _n ........ @Baxrnpmxo DNA

’ - -
O H C R I S P R e p LOXrI =tk Evowpdrwon §&vou DN
Opavon évou DNA otnv CRISPR mrepioxn

pHeTaypadeTal 0To TEALKO )
crRNA (crispr RNA/Egvikd = .

5] 2] = “am s ==
RNA) S .
e MEPIOXT) CRISPR 1mrepioxn
Mpoodeoan aupn)\oxou?
] ’ oto {évo DNA
o Anuoupyeital To CUUTTAOKO 3] . %QQ

Ca 59 IEI Cas mpwreiveg pre cr-RNA

gvbovoukAedon/crRNA/tracr .9 , , ?

. . Meraypagpr CRISPR mepioxng
RNA (trans-activating crRNA) ? K1 pETGgpaon Cas mpwTEIVGY
\ tracr-RNA /

IopTrAoko o8ny6c-RNA/Cas9
o H Cas9 “koBel” to Egvikd DNA

OTNV CUMITANPWHOTLKN

nieploxn tng crRNA

aAAnAouxiog




CRISPR/Cas9

CRISPR/Cas9: CLUSTERED REGULARLY INTERSPACED SHORT PALINDROMIC
REPEATS/CRISPR ASSOCIATED NUCLEASE 9

o guide RNA:
2UUTANPWHATIKO TNG
TIEPLOXNC-OTOXOU

—— Guide RNA

_Cas9

Matching genomic
sequence DR

o SgRNA (single guide
RNA): O 06nyoc RNA
ouvOuOoUOC TOU
crRNA kat tracrRNA
O£ €va EVLOILO HOpLO

o PAM seq: NGG petd
TNV EPLOXN-0TOXO
yla Cas9

o Cas9 evbovoukAeaon:
NpoKaAel Bpavon
é)\LKaq DNA Javier Zarracina/Vox



Yuotnuo CRISPR/Cas9 wc¢ poploko epyaAeio

1. AAAnAouyia-oToxog
dikAwvou DNA

B - ] 2. To oupTtrAoko odnyog-RNA/Cas9
"""" \ frisz ) SeopsleTal otV aAAnAouyia-oTéxo

....................

3. H Cas9 gvdovoukAedon ‘kofer’
11¢ 800 aAucideg DNA oToxou

4. Tpotrotmroinpévn VOUKAEOTIBIKA
aAAnAouyia-oTOXOoU HETA ATTO
dpdon unxaviopol emdiépbwong

Cas9

i ﬂ[\ 0O8nyog-RNA

‘* https://youtu.be/4YKFW2KZA50



https://youtu.be/4YKFw2KZA5o

Mnyxaviopot emtidlopbwong

Opavon dutAng éAwkag DNA
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Mnxaviopog oUuvéeong MnNXoVLoHOG

1N opoAoywv EAEVOEPWV AKPWV OMOAOYyOU avacuvSuaopHoU




Edappoyec CRISPR/Cas9 texvoloyiac

Muwkpoeveoelc o6nyou RNA (sgRNA) EGFP+ Cas9 mRNA
oe Tg(flk:gfp) dLayovidlaka zebrafish epBpua oto otadlo
EVOC KUTTAPOU

Non-injected Injected




Avarmtuén Zebrafish ti¢ mpwteg 12hpf, 1996

(Karlstom and Kane, 2017
The company of Biologist)



Zebrafish w¢ melpapatiko {wo povieAo

Frames from “Be Healthy as a Fish” movie by Lukasz Szozda



Zebrafish w¢ melpapatiko {wo povieAo

Sy N = >

g e To&koAoyIKEC/DAPUAKEUTLKEC

ESwrtepukn yoviuomoinon ALolyoVIOLOKEC OELPEG HEAETEQ

Taxela avamnrtuén Mikpo pEyebog

Ex utero yoviuomnoinon kat avantuén Oontikn Stadavela epppuwv

Meyaloc aplOuoc epppluwy F'EVETIK opoAoyia e

S Phd avBpwvo yovisiwpa

Patton t al. 2010
METAUOOXEVOELG KAPKLVLIKWY KUTTAPWVY AvoyevvnTIKN LKOVOTNTA LOTWVY




Zebrafish w¢ melpapatiko {wo povieAo
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Avarmtuén kapoLac tou povtelou zebrafish

10 hpf 24 hpf 48 hpf 72 hpf 2 mpf EvAAkn

kapdia

Kapblakd  Ixnuatiopdg ZXNHOTIOMOG Aiktuo )

Mpoyovikd Kapdlakou Kapdlakwy otedaviaiwy ' $

kOTTapQ owAAva, BoAdpwv apTnELV 3
‘Evapén kukAodopiog Kowtwakr dokidwaon

Evéokapbio

KoAnog
DARWENC KOATIOG



Avtiotpodn YEVETLKN TIPOCEYYLON

Phenotype

X

Genotype

Ectopic expression
Gene silencing

(Khan et al., 2021)



Yrioynora ntpoc peAETn yovidla

Candidate genes Lead SNP
PCSK9 rs11206510
PPAP2B rs17114036
MIA3 rs17464857
WDR12 rs6725887

OO H i : % APOB rs515135
/> ’OW MEPAPATIKAC EAEYXOC @ rs11057401
Y o~ vnodbLwv yovidiwv

cT 2y
/ o rs77505915
( Tautonoinon moAupopdlopwy oe Avadel§n unelBuvwy yovibiwv kot
VEVETLKOUG TOTIOUG OXETIIOUEVOUG TWV HNXAVIOHWY SpAcns Toug f
UE KapSLOyyELOKA VOO HaTa LIPG rs2000813

TCF21 rs12190287
ANGPTL4A rs116843064
PECAM1 rs6504218
TGFBL rs8108632
unpublished data



Morpholino-emayopevn ccdc92 amoolwnnon MPoKaAEL avamtuén KapdLlokou

daLvoTUTIOU
control ccdc92 morphants
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Giardoglou, PhD, 2022



control

ccdc92 morphant

cmlic2

cmlic2

=== Myocardium

Endocardium

+ Blood flow

cardiomyocytes

Giardoglou, PhD, 2022
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F1 sequencing/Founder identification
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. 20B5BAA002-1.ab1 (266 bases)
File Edit View Enzymes Features Primers Actions Tools Window Help
266

Selected: 68 .. 90 = 23 bases
GACGATTTTCTAACCAAG TCAGTAGGGGACAT TG AAG AGCGGCAG AAG AAGAAAGCAGATGATCTTTGGGCTAGTTTTCTGAGTGATATC _

A MMAMAANAA WA AWM

100 110 120

2 20B5BAA002-3.ab1 (1491 bases) - O x
File Edit View Enzymes Features Primers Actions Tools Window Help
1491 bas

Selected: 68 .. 82 = 15 bases
3GAAGACGATTTTCTAACCAAGTICAGTAG G GG ACAT TG|CGGAAC AGAAGAAGAGC AGATGATATTTGC TTTGGTTTTCTTATCGGAGT

MW A A MR A ity EEEROCUONAEE)

\
S0 100 110 120 130 |-
.

70 80
~



Anuoupyia dtayovidlakwy TELpapATolwwV

cfdp1 +/+ GAGTCAGTAGGGGACATTGAAGAGCGGCAGAAGAAGAAAGCAGATGATCTTTGGGCTAGT

o LLLLLEEELEE T ] IIIIIII[I LLCLLLLLLLLEELELTTEEELLL LT
Cfdp1”  GAGTCAGTAGGAGACATT*%**1GCGGCAGAMMAAGAAAGCAGATGATCTTTGGGCTAGT

cfdp 1




cfdpl petaAayueva epBpua epdavitlovv Kapdlokec appuBuieg




cfdpl petoAhaypeva EuBpua epdavidovv petwpevn kapdlakn Asttoupyla

EDV

Cardiac ouput
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1

s

Numbers of embryos

Etepoyévela ota cfdpl etepoluya ATopua

cfdp1*- cfdp1*-

25+
= cfdp1™”

=1 cfdp1*”

20+

15+

10+

54

0
v T

20 (out of 69 siblings)

9'/?“—.-;?_

o

cfdpl’-/ cfdp1*-/ cfdp1+/*

Pixel intensity

Post-imaging genotyping of
cfdp1 low-expression embryos

In situ hybridization staining

Analysis/ Quantification
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0 T 1
0 50 100

Embryo individuals
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EuBela yevetikn mpoogyyLon

Forward Genetics

Mutagenesis
Mapping-by-
Phenotype sequecing

Instant positional
cloning

X

Genotype

(Khan et al., 2021)



MetaAAa&n oto yovidlo prkd2 smudpEpel otEVvwon oto onpeio e€wbBnong

=L | al.“ i

GGCACGCCG G GCAGCGCC G GGCGCGCC G

A

B
Wild-type s411 het s411 mutant
D
Zebrafish 718  LKPENVLLASADPFPQVKLCDFGFARIIGEKSFRRSVVGTPAYLAPEVLL 767
Homo sapiens 675  LKPENVLLASADPFPQVKLCDFGFARIIGEKSFRRSVVGIEEN{LAPEVLL 724
Pan troglodyres 716  LKPENVLLASADPFPQVKLCDFGFARIIGEKSFRRSVVGTPAYLAPEVLL 765
Canis lupus familiaris 702 ~ LKPENVLLASADPFPQVKLCDEGFARIIGEKSFRRSVVGTPAYLAPEVLL 751
Bos Taurus 518 LKPENVLLSSADPFPQVKLCDFGFARIIGEKSFRRSVVGTPAYLAPEVLL 567
Mus musculus 676  LKPENVLLASADPFPQVKLCDFGFARIIGEKSFRRSVVGTPAYLAPEVLL 725

Rartus norvegicus 676 LKPENVLLASADPFPQVKLCDFGFARIIGEKSFRRSVVGTPAYLAPEVLL 725

&

)

@ 2] (=
,$° ,3‘,‘(?,‘:’} 1
&8 . Lo e
o catalytic SIE

ZPKD2 cysl cys2 PH <  domain ||| |
923 - -
aa

168 217 295 344 419 554 569 592 847

prkd2 MO



MetaAayn oto prkd2 (T757A) npokaAel ektomikn ekppacn Notch onpatodotikol povormnatiou

sibling embryo s411 mutant
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doappoyec CRISPR/Cas9 o€ EMLYEVETIKEC TPOTIOTIOLNOELC
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Edappoyec CRISPR/Cas9 o€ €TYEVETIKEC TPOTIOTIOLOELC

Double-strand
gRNA DMNA break
——
I i
—_ ( _5.<O — |
e
+
Target sequence
I Donor DNA
Genomic DNA

H deactivated or dead Cas9
(dCas9) cuvdeetal oto DNA
aAAQ XAVEL TNV BLOTNTA TNG
VOUKAEQONG

(i)

dCas-mediated occlusion of TFs

() r’J/P

e

(B

(ii)

dCas—gRMNA binding to genomic DNA

- — [ ==0

(iii) (iv)

Insertion—deletion mutations

Defined modification

Write or erase chromatin marks Phase-separated condensates Colocalize chromatin in the nucleus

Muclear
membrane

(Nakamura et al., 2021)



Edappoyec CRISPR/Cas9 o€ €TYEVETIKEC TPOTIOTIOLOELC

) ° i tic effectors vé‘

gRNA library

|
Genes
Cis elements
Genetic variations

Epigenetic effectors

vV @ B

(Nakamura et al., 2021)

A. ZuvOUuaoUOC SLAPOPETIKWY ETILYEVETLKWY TIAPAYOVIWV
B. Zuvbuaopoc dtadopetikwv gRNAS

. ZuvbuaoTikn SpAon KATA HAKOC TOU YOVIOLWHOTOC UE OTOXO TN pUBULON TOU
EmtiyoviSlwpatog (EMYEVETLKY KATAOTOON TOU YOVISLWHATOC) Kol TNE Asttoupyiag Twv yovidiwv

(Nakamura et al., 2021)



EmyeveTIKOL MOPAYOVTEC

Table 1 Epigenetic effector domains used for targeted epigenetic editing

Gene Epigenetic Enzymatic Chromatin Genes targeted
regulation effector activity modification
Repression GYa Methyltransterase H3K9me2 VEGF-A, Her2INeu, Fosb, E-Cadherin, Neruog, Grm2
Suvi9hl Methyltransterase H3K9me3 VEGF-A, Her2INeu, Neruog, Grm?2
DNMT3 (A, Methyltransterase DNA methylation VEGF-A, SOX2, Maspin, EpCAM, CDKN2A, ARF,
AlL) Ceknia JIL6ST, BACH2
L5SD1 Demethylase H3K4me2 Gene enhancers
SIRT6, SIRT3  Deacetylase H3K9ac Neruog, Grm2
KYP Methylase H3K9mel Neruog, Grm2
TegSETSH Methylase H3K20me Neruog, Grm2
NUE Methylase H3K27me3 Neruog, Grm2
HDACS Deacetylase H4K8ac Neruog, Grm2
RPD3 Deacetylase H4K8ac Neruog, Grm2
Sir2a Deacetylase H4Kac Neruog, Grm2
Sin3a Deacetylase H3K9ac Neruog, Grm2
Activation TET1 Deoxygenase DNA demethylation [CAM-1, RHOXF2, BRCAI, RANKL, MAGEB2, MMP2
TET2 Deoxygenase DNA demethylation [CAM-1, EpCAM
TET3 Deoxygenase DNA demethylation [CAM-1
TDG Glycosylase DNA demethylation Nos2
p300 Acetylase H3K27ac ILIRN, MYODI, OCT4, HBE, HBG,ICAM-1
PRDM?Y9 Methyltransterase H3K4me3 EpCAM,ICAM-1, RASSFla, PLOD?
DotlL Methyltransterase H3K79me EpCAM, PLOD2

(Cano-Rodriguez et al., 2016)



Edappoyec CRISPR/Cas9 o€ €TYEVETIKEC TPOTIOTIOLOELC

Guiding cell differentiation and reprogramming

9.
Elucidating mechanisms of
\ , _ epigenetic regulation
Studying gene regulation \

in disease and developing
novel gene therapies

ds

High-throughput screens for

Creating new cell phenotypes

gene regulatory networks
\’.—:.

—':—

Marina Corral Spence/Nature Publishing Group

Anplouvpyia cuUVOETIKWY VIV WV TTOU UITOPOUV VAL TPOTIOTIOLHCOUV UE HEYAAN akpifela
OUVTEAEOTEG TOU ETILYOVIOLWUATOG, OTIWCE TNV TPOTIOTIOLNON TWV LOTOVWVY KoL TN HeBuAiwon
Tou DNA o0& GUYKEKPLUEVEC TIEPLOXEC TOU YOVLOLWUATOC.



ZF kot TALE wc epyaleio yLa ETLYEVETIKEC TPOTIOTIOLNOELC

ZF1 ZF3 25

Zinc Finger Proteins: 1 ZF = 3 bps
Targeted DNA methylation with DNMT3a

DNA methyltransferase

Oxidizing enzyme
for DNA methylation
TALEs: 1 TALE = 1 bps

Targeted DNA demethylation with TET1

Histone acetylotransferase

EES CRISPR-dCas®:

sgRNA complementary to DNA

Targeted Histone modifications
with p300

(Cano-Rodriguez et al., 2016)



CRISPR/Cas9 otn yovidilakn Bepareia

Grow and expand

cells in culture

Therapeutic _-'
edited cells .
Select and o
expand edited i
cells -
EX VIVO DELIVERY I
I . RMP complex of
Delivery Vehicles: Casl R
Viral Vectors OR ke
Micreinjection
Electroportation Hicléic acids
Hanoparticles encoding
; Packaging Casd + sgRMA
.'L._
Lacal injection of E
CRISFR cargo into i
targat tissue - O @ o . ]
¥ ¢ o
s A
= - o Erntry of CRISFR
& cargo into target
tissue via systemic
i circulation
=l
un, Therapeutic edited LM
o, cells e 2
IN VIVO DELIVERY | | T, ~ IN VIVO DELIVERY
(Local) (Systemic)

(Goel et al., 2024)



EPapUOYEC ETILYEVETIKWY TPOTIOTIOLNCEWV OE ALOOEVELEC

Genes are targeted with epigenetic
editors that restore a healthy
phenotype within a specific cell type
in vivo through viral delivery of DNA

(C) Therapeutic
targeting of genes

Epigenetic editors are delivered to cells
within the body to target genes enabling
cell reprogramming or differentiation

(A) In vivo
reprogramming

Wi

A OXG)

sl —s
|

(B) Disease modeling

\_f/ %@@ (D) Ex vivo manipulation of

epigenetic signatures

Tenda i Biclechnaiogy
Patient-derived cells are isolated, Patient cells are isolated and epigenetic editors
cultured, and epigenome editors are are introduced ex vivo such that cells acquire a
introduced for disease modeling via desired phenotype. They are then re-injected
viral transduction into the patient as autologous cell therapies

(Goel et al., 2021)
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Happy epigenome editing




