https://www.imbb.forth.gr/en/research-en/plant-
molecular-biology/item/4119-panagiotis-n-moschou

27 INSTITUTE OF MOVEGULARE OTECHNOLOGY

hitps://twitter.com/Panosmoschou
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Neec 6e€loTNTEC-AIOAEEN 10

1.Na avaAvoere PaocikeéS apxeg YoviSIakKng
eme€epyaoiag

2.Na avaAboEeTe TEXVIKESG ATTEIKOVIONG-IXvVNAaoiag-

3.Na MEPIYPAWETE/AVAAVOETE/OXONIATETE
BIOTEXVOAOYIKEG EPAPHOYEG

i ©a 6éAate va akovoere; Ti exere akovoel;, Tt Oa Belare va HABETe
OXETIKA HME TIC PIOTEXVOAOYIKEG EPAPHOYEG TNG  YOVISIAKNG
eme€epyaoiag;



[1EQIOPIOTIKEC EVOOVOLKAEATEC

o ME avayvwpilovyv 6-8
BaoeIc

o 46 4096bp n 48 65536bp

o AVBP®TTIVO yoviSiooua: 3 b
bp.

o MNa &bk Kot EVOC
onueioL>18bp




Meganucleases
I-Scel

ATTACCCTGTTATCCCT
AATGEGA TAGEGA

ATmrevepyotroinon l
I0vTNEN HE KATAALTIKN

emKkpareia

NWATTACCCTGTTATCCCTANNNN
MM AATGGGACAATAGGGAT

TOTTOL 2 pEYavOULKAEAOEG



[EVETIKN PUNXAVIKN 2

« Baoiletal otnv €mdliopbwon
e NeQ TTEPIOPIOTIKA £vLUA
/FN (Zinc-Finger Nuclease)
TALEN (Transcription activator-like
effector nuclease)
e CRISPR/Cas




TOTTOI OUOAOYOL AVACLVOLACHOL

OpoOAoYOoC avacLVOLACUOG

|

“psp’ —
Ny

Rad50, Mrel 1, _
Xrs2 complex Ranecwon

. Rads2
Y

l EréAaon aAlvcidag

x Rad51; BRCAZ

l YOvOeon DNA

Ligation, branch migration,
Holliday junction resolution

Mn OpOAOYN CLYKOAANCN OKP WV

“psB”
¥ ,

Q Ku70, Ku&0

Rad50, Mrell,

Xrs2 complex

KaBdpiopa akpwv

—4,0—

XRCC4/

Ligase IV e
= Ligation




/FN & TALEN

 [MeplopIoTIKA £vILUA TTOL ATTOTEAOLVTAIL:
v Avayvwpion DNA (Zinc Finger ) TALE)
v Emkpareia kot g (Fokl Nuclease)

e MMPWTEIVIKO eTTAOVOAQUPAVOUEVA ONUEia (ZinC
Figer or TALE) avayvwpilovv Paceic DNA

« AlpepIouog TNG Fokl nuclease ermayel TN KOTM
TOL DNA




OL TTPOEPXOVTAI;

O1 teAeoTec TAL emayouv
NODULINs

Cong, L., et al. (2012). "Comprehensive interrogation of natural TALE DNA-binding modules
and franscriptional repressor domains." Nature Communications 3(1): 968.




0eg166 ZFN
9 nt oTé)x0G

KOTT OTT0 mem s s =

Siepiops | ZFP |
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et & Foki

apiotepog ZFN
9 nt oTé)x0¢



/FN & TALEN

(10 TNV avayvwpion VEWV AAANAOLXIWV
TTOETTEl VA AVATITOEOLUE VEQ ONUEID
mpoodeonc!

APBPWTN TTAPAYWYN ATTO TTOONYOLEVEC

ETTIKOATEIEC

o EmAoyn yECW PpAYIKNG
TTAPOLOIACNG/CLOTAUA POVOL LREISIOL

o ATIAITEl XOOVO, LYNAN TTIBAVOTNTO
ATTOTLXIAC, HELTEPELOVTEC OTOXOI (Off-
targets)




CRISPR/Cas?

a  Meganuclease g ZFN

- - Ny
mW E|. 5’----* -----
. mw&—u— 5 T e e e e .

M- & = 3 =&

¢ TALEN p CRISPR/Cas9

E- ¥ -H w &
r# 3" o Ca39 nuclease b
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T e e : .ssnm
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[T00EAELON TOL CLOTAUATOC

AUOLVTIKOC UNXAVIOUOG TV PAKTNEIWV

Virus DNA d
/ [ H

Plasmid DNA cleaved
(1) Acquisition l / @7
N

leader109 8 7 6 54 3 2 1 gy
cas locus CRISPR array

@ Interference
@) Expression

\ 4 4 \ 4
AANRTAGN f%?
O Pre-crRNA ::‘:\ %

Cas proteins B
j ﬂ_cn ﬂ Virus DNA cleaved

crRNA

http://pnabio.com/products/image/CRISPR.png



Nonhomologous end joining (NHEJ)

~ EFerAERT

s
5 DSB

&NHEJ

Indel AAAayn mTAaiciou avayvwong-> knockout




Homology Directed Repair (HDR)
| ForTALE

@ DSB

ssDNA QOligo or Plasmid

MnTpa
(Mutation, Insertion..)

AKpIBNAG emdIopOwaon (sloaywyn yovidiou 1 HETAAAQYNC O€ AKPIBEC onuEio)



Tl yaC TTPOOCPEPEI N
YOVISIAKN/YOVISIUATIKN
ETTECEQYAOIQ;

Mia TTOAL KaAN
TTEPIANYN

hitps.//www.youtube.com/watchev=4YKFwW2KZA50&a
b_channel=naturevideo






Tl yaC TTPOOCPEPEI N
YOVISIAKN/YOVISIUATIKN

ETTECEOYAOIQ;

‘ ™

v" Knock-in/out

v AAN\ayn ék@paong

v ETTIVEVETIKEC TPOTTOTTOINOEIC

v' IxvnAdaTion aAAnAouxiwv

v Avixveuan aAAnAouxiwv kar RNA

v’ 210XEUaN AAANAOUXIWV VIO TOTTIKEC
METABOAEC

170-175.

Emiong, Liu, C. and P. N. Moschou (2018). "Phenotypic novelty by CRISPR in plants." Developmental Biology 435(2):




[1c0C UTTOPEl VA YIVEl O PLTA;

2uvoywn OAwv Twv peBodoloyiwy Ewg To 2021:

AﬂﬁUGEiGQ EIOGY(}JYI"] De novo TTGpGY(L)Yﬁ HEpIOTLbHGTOQ Bakmpiakd xpwudcowua

BioNioTikéG WEBOBOI . - MR-sgRNA Agrobacterium
XAwpotrAdoTeg
ARz, 1
< )
- N %
- [‘ v
TAaopidio Navoowuaném ) <
- } 5 K,
wapuovn \" = - évean
- S £ " SN
RNA < ,) A —
dutd o Cas9 A A X
Agrobacterium UTG TTOU UTTEPEKPPAZouV TNV Cas! TTOKOTTT} HEPIOTWHATOG
3 Mapaywyn emegepyacpévou
n+0 ‘oM Muprivag HEPIOTWMATOG
RNP PEG
liké RNA Iik6 RNA W

— ~
Y ) E & 7 (!
;:o(\: ' Cas9 kai sgRNA < ) -— <\

DUTIKOG 16G Avtiypagr

MAacuodéopara KUuTTapIKO Toixwa [ovidiokd TpoTToTToINuéVa QUTA De novo Trapaywyr| JEPICTWHATOG

Npocappuoyn amo Zhu H, Li C, Gao C (2020) Applications of CRISPR-Cas in
agriculture and plant biotechnology. Nat Rev Mol Cell Bio 21 (11):661-677.
doi:10.1038/s41580-020-00288-9




NooEpxeTal ATTO AANAOLXIEC!
OTO YOVISIOUA PAKTNPIWYV

ceoe/LL/9

- Bp€bnkav wc ‘exotic junk DNA" adyvwoTtng Asitoupyiag

Ishino et al., J.Bacteriol (1987)

consenius i CHETTTATCCCD cmﬁcm;cm AACTC

- AtTtavtouv o€ Archeae kai Bacteria

. . Hey, do you Well, matey... | say
Jansen et al, Mol. Microbiol (2002) say GRS

- OvopdoTnkav..

PEDROMICS

G R

Ishino, Y., et al. (1987). "Nucleotide sequence of the iap gene, responsible for alkaline phosphatase isozyme conversion in
Escherichia coli, and identification of the gene product." Journal of Bacteriology 169(12): 5429-5433.

Jansen, R., et al. (2002). "Identification of genes that are associated with DNA repeats in prokaryotes." Molecular
Microbiology 43(6): 1565-1575.



CRISPR ¢ ocvoTnua
AVOOIAC EVAVTI pAYWV

CRISPR Provides Acquired Resistance
Against Viruses in Prokaryotes

Rodolphe Barrangou,” Christophe Fremaux,” Héléne Deveau,” Melissa Richards,’
Patrick Boyaval,® Sylvain Moineau,” Dennis A. Romero,* Philippe Horvath**

Clustered regularly interspaced short palindromic repeats (CRISPR) are a distinctive feature of the
genomes of most Bacteria and Archaea and are thought to be involved in resistance to bacteriophages.
We found that, after viral challenge, bacteria integrated new spacers derived from phage genomic
sequences. Removal or addition of particular spacers modified the phage-resistance phenotype of the
cell. Thus, CRISPR, together with associated cos genes, provided resistance against phages, and
resistance specificity s determined by spacer-phage sequence similanity.

Science 2007
DANISCO.Inc

(ayopaoTtnke arré Tn DuPont to 2011)

ceoe/LL/9



NOOKTIKEC E0WTACEIC ATTO TN
Blopunxavia yIaovpETIOU

ccoe/LL/9

- MoAuvon ue payouc:

Baoikd TpoBANUa OTIC ETAIPEIEC

- Meta atrd mavonuieg, 6a TTpokKUWouV avOEKTIKA
OTEAEXN

- YTo0eon
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cas locus CRISPR array
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3) Interference
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(2 ) Expression
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' O Pre-crRNA

Cas proteins

http://pnabio.com/products/image/CRISPR.png
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Cas? : RNA-directed
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EEEAIEN TOL CLOTNUATOC

2 yoplia RNA

\ =N
5II 3!.

AR
crRNA /

1 uopio RNA

[TITINIRTAOL (AEEEEETERERRETN

.\E_!nuunuu M —

~_20mt Iy

crRNA-tracrRNA chimera



CRISPR/Cas? & erteCepyaoia?s
AVOOWTTIVOL yowélc}oumog

A human
EMX1 5’

protospacer (1) PAM protospacer (3)
. GGAGGAAGGGCCTGAGTCCGAGCAGAAGAAGAAGGGCTCCCATCACATCAACCGGTGGCGCATTGCCACGAAGCAGGLCAATGGGGAGGACATCGATGTCACCTCCAATGACTAGGGTGGGE .

IIIIIIIIIIIIIIIII|I|IIIII\IIIIIIIIIIIIIIIIIIIIIII\IIIIIIIIIIIIIIIIIIIIIII\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
CCCTCCTTH AC CTCGTCTTCTTCTTC AGT CTTCG T TCCT TAC? GTTACTGA C .

pratospacer (5)
protospacer (4)
protospacer (2)

pre-crRNA + tracrRNA processing C EMX1
spacer (30 bp) protospacer

target
pre-rANA 5"~ . . ACNNNNNNNNNNNRNNANNT 9ol &

tracrRNA

Mali, P., et al. (2013). "RNA-guided human genome engineering via Cas?." Science (New York, N.Y.) 339(6121): 823-826.

Li, J.-F., et al. (2013). "Multiplex and homologous recombination-mediated genome editing in Arabidopsis and Nicotiana benthamiana using guide RNA and
Cas9." Nature Biotechnology 31(8): 688-691.

Nekrasov, V., et al. (2013). "Targeted mutagenesis in the model plant Nicotiana benthamiana using Cas? RNA-guided endonuclease." Nat Biotechnol 31(8):
1-693.




[lapaywyn e1060XwV Y

EEGpTGI Ta1 QTG ouoxoyllsg

ceoe/LL/9

" Tet1 olige donor

1 Tel2 oligo danor

3 8 1011 1213 141516WT M

 ~ ] :- bt + EcoRl

— e B ——— — —— - = E.F_:EJFU
* kKL% x *
5 B 7 8 9101121314 1516WTM

---_-- ---—---! + EcoRl|

- - ————ESeme= - FrooR|

— e -

* % * k% * % %
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[IAeovekTNuaTa Tov CRISPR/Cas? o€ oxéon ue

1a TALEN Ay ZFN (2)

- TALEN  ZFN : dev Acitoupyei 10 id10 KOAG e TA QUOIKA EvCUupa

ceoe/LL/9

E¢aptaral atrd 1N ouyyEVEIQ Kal TwV OUO UEPWV



OeENTIKA, OAQ TA YOVISIOUATA UTTOQE 27

va otoxevbouvyv arro To CRISPR/Cas?

ceoe/ L9




Genome-Scale CRISPR-Cas9 Knockout
Screening in Human Cells

Ophir Shalem,* Neville E. Sanjana,’** Ella Hartenian,* Xi Shi,*?
David A. Scott,* Tarjei S. Mikkelsen,* Dirk Heckl,” Benjamin L. Ebert,* David E. Root,*

John G. Doench,” Feng Zhang™*t

A
psi+ RRE | U6 sgRNA EFS SpCas9 P2A Puro WPRE
\ \}

f /
lentiCRISPR )ﬁ[ ﬁ-ﬂ

o

Step 1:
sgRNA oligo

Step 2:

Construction of

Step 3:

GeCKO

lentiCRISPR library design

screening

library

‘.-H —-—x“"_qr Ie—l—e- n—
e = e | ) . — ] —
Cloning sgRMNA A
PRy | oligo libray
| into lentiviral
| constructs
L]
Oligo array lentiCRISPR
synthesis library

Select for

_ TSy
S and transduced cell
T ran;n;izplge 5 T
%E screening  xgmy ITEr

=y
SErrEe, TEe, assay =y
ey = =y
Transduction Analysis
with lentiCRISPR of remaining

library sgRMNA pool




[TooRANUATA BIONBIKNG
el

European Sustainable Agriculture
Through Genome Editing

E ABOUT OUR NETWORK NEWS JOIN CONTACT

Emmanuelle Charpentier
Max Planck Unit for the Science of Pathogens, Berlin,
Germany

Jennifer A. Doudna P
University of California, Berkeley, USA - e Ol

“for the development of a method for genome editing”



BiIKoI TTOPORANUATICUOI

TPEANOG emmoTHUOVAC aka
“Frankenstein builder”

ceoe/ L9

32



“Toveac N oxedlaotnge”

33

“Designer Baby” Patent issued to 23andMe.com
US. 8,620,594 B2
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MelovekTnpata Tov CRISPR/Cas?

- Aeutepoyevnc otoxol (EMS)

ceoe/LL/9

T7 promoter




[1COC PTTOPOLY VA ATTOPELXBOLV;

Aildpkela (wnc (Myotepo cas9/sgRNA)

- BilomrAnpogopikn : kaAuTepog oxedlaouog Tou RNA odnyntn

“CRISPR Design” (http://crispr.mit.edu)

Interactive results:

all guides guide #1  quality score: 73

scored by inverse likelihood of offtarget binding guide sequence: GGAGTGCTCCATCTGTTCAT TGG
on-target locus: unknown
number of offtarget sites: 136 (20 are in genes)
sequence

Guide #1 GGAGTGCTCCATCTGTTCAT showall exonic
Guide #2 CCTGGGCCCCATCTGTTGAT
Guide #5 GOABCACICCAATCAACAGA sequence mismatches UCSC gene locus
Guide #11 AGOATICAATCARCAGET GGACTTCTCCATCTGTTCATAGG . 2MMs [4:6] chr10:+101381489
Guide #12 NGCACTCCAMCARCAGATG GGGGTGCTCCATCTCTTCATCAG 5 2MMs [3:15] chr3:-13035084
Guide #14 COABICARCNEATRRE000 GCAGTGCTCTCTCTGTTCATTGG . 3MMs [2:10:11) chrxX:-32210528
Guide #8 AR ATAGARACTOTA GCTGTGCTCCAGCTGTTCATTAG . 3MMs chr20:+40634635
Guide #15 GTCAAAACATAGAAACTCT GAGCTGCCCCATCTGTTCATGGG ; 4MMs [2:3:4: chr1:+30521418

GCAGTGGTCCATCTGTTCAGGAG . 3MMs chrX:+10284188
Guide #9 CAATCAACAGATGGGGCCCA
= GGAGAGCTGCTTCTGTTCATGAG . 3MMs :9: chr3:+155843943

ceoe/LL/9
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YOOTNUA SITTANC KOTTNG

- Cas9 Nickase (k6Bel povo pia aAucida DNA)

o~
=
« +n bp sgRNA offset B
+ §'overhang 8
sgANAa C T~ N
target b
5 o c———  tiag—h e —— e S
3--~—-—‘ ——_-_'-——--5'
: -  Meiwvel TN TTapaywyn off-
)] sgRNA b r] p Y Yr]

targets kata 50-1,000 @opéc

DYRK1A GRIN2B

- Emrapkécgindel / HDR omtwg n
aypiou TutToUu wt Cas9

[
o
b
@
=
©
<
=
o
o
@

- MeyaAUTEPOC TTEPIOPIOHOG
oTNV £TTIAOYN ONMEIWY KOTTAG

20

ndel (%)

target 17
GGGCTCCCATCACATC

g 4
T TTCGTCCGGTTA

AAGAAGGGCTCCCATCA
GCTCC

Ran et al., Cell 2013
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dCas9
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AVIXVELON AAANAOLXIWV

dCas9

dCas9 protein
protein )

==

SmallBit J;Q
NanolLuc A . .
HNS Furimazine + NanoLuc

N (small+large bit)
o0 o/

;:?:fng + S+ ©’“€b "K

Furimazine NanoLuc
(small+large bity

dCas9
protein

= Bioluminescence



AVIXVELON AAANAOLXIWV

~ KAdon |, dueon

m = - 'Eppeoec péBodol
e

& K)\don I I ’ é“ lJ SOT] ETTTOTTOG-AVTIoWHA

- Apeoeg puébodoil

RNA-aptamer

TEMTIBIKGS EmiToTTog

) ’
aptamer — ./,

Mpwreivn Trou dével RNA

¢. Khdon lll, xpovototikf ETmaywpevn amd

£KQPAoN EVEPYOTNTAG, izgzﬁc:v& ;‘;?ﬁwwc Pwg ouvdgeia dCas9 Xnuikr emavacyotaon dCas9

i
%
‘crz St Split-dCasg
& S wsg e
G Ne— mmie Gl b

i IR e— N
D

MNpocappuoyn amo Brocken, D. J. W., et al. (2018). "dCas?: A Versatile Tool for Epigenome Editing." Curr Issues Mol
Biol 26: 15-32.




AVIXVELON AAANAOLXIWV

H mTepitiTedon TNG casl13

SHERLOCK DETECTR

DNA

|

- -

Avixveoon



https://science.sciencemag.org/content/356/6336/438
https://www.ncbi.nlm.nih.gov/pubmed/29449508
https://www.ncbi.nlm.nih.gov/pubmed/29449511

Tnv ermopevn gpopea...

11. Opyavidia mov &gv
MEPIKAEIOVTAI ATTO HEUPBpPavN
(TuENVIOKOG KTA)

40
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