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AVATTTUEN TEYVOAOYLAOV Y10, TN PEATIOCT TOV 1010TNTOV TOV QUTMOV

[Tapaoociokeg pEBooot

l

['eveTika TpOTOTOINUEVOL

EmAEKTIKEG O1010TAVPDGELS Kol
VPRPLOOTOMGELC

ExuetdAievon
PLOIKOV/ETOYOUEVOV LETAAAAY DOV

XpovoPopa. kot
OUVGKOAN 01001KaGi

opyavicuoi (GMOSs)

l

T'ovioropatikn ow0pdmon

- Genome Editing

Ewcaymyn &Evov yovidiov yia
uetafBifaon uog emBountc
1010TNTOC UE TN XPNOT TOV
Agrobacterium tumefaciens 1 pe
1EBodo BouPapoicov couatdimv
(particle bombardment)

XpovoPopa Kol SOGKOAN
dladkacio

Empulacelg yla tig
EMMTOOELS OTNV VYELD TOV
avOpOTOoL Kot TO TEPIPAALOV

Avotnpoi KovoviGuol Yo
TN KOAMEPYELL TOVG




["ovidtopoatikn 010pbwon - Genome Editing

Axp1Pnc Kol 6ToyELUEVN

TPOTOTOINGCT GE YEVETIKOVC TOTOVG

Novxdedoec pe e€gloikevon oe

GUYKEKPIUEVT] AAANAOVYIO-GTOYO
(Sequence — specific nucleases, SSNs)

Homing endonucleases (HES)
Zinc-finger nucleases (ZFNs)
Transcription activator-like effector
nuclease (TALENS)
CRISPR - Cas systems

Evtomiouog ka1 mpdcoeon o€ aArnAovyio-ctdyo — Anuovpyia
dikhmvov oracipatoc (Double-strand break, DSB)

A

y

Evepyomoinon endopfmTikdv unyovicu®my Tov KLTTOPOU

l

l

Mn opOLOYN GOVOEGT] TV AKPOV
(non-homologous end-joining, NHEJ)

OudAoyog avacLVOLAGLOG
(homologous recombination, HR)




["ovidtopoatikn 010pbwon - Genome Editing
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InDel mutation Precise genlome editing
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https://doi.org/10.3390/plants11192625



4 | Clustered regularly interspaced short palindromic repeats
ZDGTT‘ H(X. C R I S P R - CaS | (CRISPR) with CRISPR — associated nuclease (Cas) systems

A 4

Mnyavicpol TpocapUOGTIKIG 0VOGiag GE PakTiplo Kot
apYoio Yo T TPOoTUGio EVOVTL EEVOV YEVETIKOV GTOLYEIDV
(101 ko TAacpidw)

CRISPR — Cas9 tov Streptococcus pyogenes

— To 7o d1adedOUEVO GVGTNUN

CRISPR — I'evetidc T0OmOG 2. Omepovio amod €as yovidla Tov

K®OKOTO100V Tal 6Toyeia Tov Cas mpmteivav

1. ZvcToryio TOVOUOIOTLTTMV ETAVOUAYE®MY TOV TapEUPdAlovTon amd
Hovadikeg aAlniovyiec otoyevong tov DNA tov siofoléa (Spacers)
1oV Kmdtkomoovy to ototyeia tov CRISPR RNA (crRNA)

3. AAnAovyia yio To pn Kooko trans-
activating crRNA (tracrRNA)

Genomic CRISPR locus

Maturation and interference Adaptation
| tracrRNA cas9 Icasl cas?2 csn2 |
T —'T 0 ) —eomemomenonom
l - | | | |
- cas operon CRISPR repeat-spacer array

https://doi.org/10.1126/science.1258096



IIpocapuoctikn avocia

1. IIpocappoyn (Adaptation): Evooudtmon evog uikpov tunuoatog DNA tov
eloPforéa ¢ spacer otn ovotoyio CRISPR 610 yovidioua tov faktnpiov

2. "Ex@pacn (Expression): Metaypoaer tov tpddpouov CrRNA (pre-crRNA) —

mopaymyn avecaptntov CrRNAS + Exepaoct cas yovidimv yio tn mopoy®yn VOUKAEACHY

tracrRNA: 61evkoAvvel TV opipaven tov pre- CrRNA: ¢épet po aAiniovyia 20-nt wov

CrRNA ¢ dwakprrd popia CrRNAS pe tn Ponbeia tng KaBoonyet v Cas9 npwteivn uEcw
Cas9 npwteivng kat uag RNAdonc 111 coumAnpouatikétntoag faoewv kata Watson-Crick

tracrRNA:crRNA co-maturation and Cas9 co-complex formation

/RNase [11

tracrRNA

pre-crRNA (precursor crRNA)

https://doi.org/10.1126/science.1258096



IIpocapuoctikn avocia

3. HapépPaocn (Interference): Aidomoon tov DNA tov sicBoiéa amd po CrRNA-
KaBoonyovuevn Cas mpmteiv), 6€ TEPIOYEC GLUTANPOUATIKES HE TNV aAAnAovyio Tov CrRNA

https://doi.org/10.1126/science.1258096

RNA-guided cleavage of target DNA

DNA R-loop . m Tanget DNA 1’“1"1
— - formation e cleavage Uy

llllHﬂ'u

targeting

PAM (protospacer adjacent motif): aAinAovyio 3- RuvC - HNH: emikpdreiec tov evivuov pe
6bp mov avayvwpiletorl amd To coumioko Cas dpdon vovkAedong mov onuovpyotvv to DSB




2votnuo CRISPR — Cas9

Epyoieio gene editing pe poévo 2 orouysia:
1. 'Eva yewuepuco single guide RNA (sgRNA) mov mpoékvye amd ™

cuyyaovevon Towv CrRNA kot tracrRNA

2. Tn npwteivny Cas9

Cas9 programmed by Cas9 programmed by
crRNA:tracrRNA duplex single guide RNA

Linker
loop

To cvotua CRISPR — Cas uropet va oyediaotel yia
N oToYeLUEVT dnovpyia DSB oe omolaconmote
aAAnAovyio KOV € KOTAAANAN aAinAovyio PAM
le ™ petaPoin v aiiniovyiog 20-nt tov SgRNA

https://doi.org/10.1126/science.1258096




Eicaymyn tov cvetuatoc CRISPR — Cas9 cto gutikd kdtTopo

DNA-free

genome editing

Direct CRISPR-Cas delivery
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Epapuroyég tne CRISPR - Cas

CRISPR/Cas system’s targets

/ o for rice improvements | \
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AB1oTik0 otpeg

Crop/Fruit/

Target gene Trait Improvement
Vegetable
Maize ARGOSS8 Drought tolerance
Rice OsNAC041 Salinity tolerance
Tomato NPRI Drought tolerance
Soybean Drb2a and Drb2b Salt and drought tolerance
Tomato SIMAPK3 Drought tolerance
Tomato SIAGLG6 Heat stress
Soybean SAPK1 and SAPK?2 Salinity tolerance
Maize ZMHKT1 Salinity tolerance
OsMPK?2, OsPDS,
Rice B ADLO Multiple-stress tolerance Moo 5 Sl A0




B1oTik0 o1peg

Crop/Fruit/Vegetable Target gene Trait Improvement
Citrus (orange) CsLOB1 (promoter) Citrus canker resistance
Cucumber elFAE Broad virus resistance
Tobacco 43 regions in the viral genome Resistance to the Gemini virus beet severe curly top virus

Resistance to the Gemini virus bean

Tobacco Six regions in the viral genome
yellow dwarf virus
Resistance to the Gemini virus
Tomato Three regions in the viral genome
Resistance to the tomato yellow leaf curl virus
Tomato SIMlol Resistance to powdery mildew
MLO-A1, TaMLO-B1 and _ _
Wheat Resistance to powdery mildew
TaMLO-D1

Grape VVPDS, MLO-7 Powdery mildew resistance
Wheat TaMLO Powdery mildew resistance
Potato S-genes Phytophthora infestans resistance

Cotton Viral and satellite DNAs Resistance to cotton leaf curl disease https://doi.ong/10.3390/ijms21165665




BeAtioon amdooonc Kot Tol0TNToG

Crop/Fruit/

Vegetable

Target gene

Trait Improvement

Wheat PDS Chlorophyll syn
Cotton ALARP Cotton fiber development
Rice Waxy Enhanced glutinosity
Rice OsTB1 High grain yield
Maize PPR, RPL Reduced zein protein
Potato GBSS Enhance amylose content
Carrot DcPDS, DcMYB113 Purple depigmented carrot
Cabbage Bolc.GA4.a Dwarfing and fruit dehiscence
Apple PDS, TFL1 Albino phenotype, early flowering
Maize CLE Grain yield
Tomato SLIAA9 Seedless fruit

https://doi.org/10.3390/ijms21165665



WORLD CROPLAND AREA [Mha]
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APPLICATION OF GENOME-EDITED CROPS IN THE WORLD
B Cropland area planted with genome-edited crops 1 Cropland area planted with conventional crops

14860 14509 14914 14955 14932 14932 14015 14991 15062 15114 15088 15108 15130 15162 15196 15336 15435 15461 15474 15513 15563 15680 15677 15477
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https://doi.org/10.3390/ijms22073327



GLOBAL REGULATORYLANDSCAPEFORGENE-EDITED CROPS

Established regulatory criteria for new breeding innovations in different world regions in the past decade

Countries where products are likely to be
regulated as conventional new varieties
after recent regulatory policy updates.

o5

% Countries where there are noticeable
%

policymaking discussions over proposals to
treat SDN1 as conventional new varieties.

!
/

Countries where SDN1 products should
be treated as GMO according to court
interpretations based on old regulations.

24 January 2024

https://www.isaaa.org/resources/infographics/globalstatusgeneeditedcrops/default.asp

SDN: site-directed nuclease




New genomic techniques (NGTSs) approved in EU

Méypr poceata to. GE gutd (gene-edited plants) oty
Evponaikn Evoon 0eopodviav mg yeVETIKA TPOTOTOIUEVOL
opyavicuoti kot vrdyovtav otny 1010 avetnpn vopodesia

Proposal on New Genomic Techniques (NGTS) oam6 v Evporaikn
Enutponn yia Eeymprotm katnyopronoinon twv GE gutav and ta GMOS

\ 4

5 TovAiov 2023

24 Tavovapiov .| Hmpotaon v tig NGTs eykpibnke ano mv Iepipariovricri Entponn
2024 oV Evponaikov KowvoBoviiov (ENVI)

7 ®ePpovapiov § ! , ! gy .
2024 "1 H npotaon yia 1ig NGTs eykpiOnke amd 10 Evponaikd Kotvofovilo

|

To eutd mov mapdyovtar pe 1i¢ NGTS pe Bdon ™ véa mpodTact Oa ywplotovy 6e 0VO KT YOPlEC:

1. NGT 1 plants: ITepropiouéveg aAhayég 6To YoVISimUa, KUPI®G UIHOOVTOL QUGIKEC YEVETIKEC
moporlayéc — loodvuvapa pe ta cvpPatikd, 0a eEarpovvral amd T vopobeosio tov GMOS

2. NGT 2 plants: ITo ektetauévec aAhayég oto yovidiouo 1 elcaymyn EEVoV yovidiov — Oa
evtdocovtol otn katnyopio twv GMOs




Here's How

Clustered Regularly Interspaced Short Palindromic Repeats

SPR-Cas

CRISPR-Cas Reads the

D NAof a Plant

BASED ON HOW CRISPR-CAS IS PROGRAMMED, IT FINDS

A SPECIFIC LOCATION IN THE GENOME AND EITHER
for advanced plant breeding @ @ @
DELETES EDITS REPLACES

TARGETED GENETIC SEQUENCES

DNA

is the instruction manual for the growth and development of all living organisms

Grower & Consumer

Benefits
VA VT AVIRVIVE VA Y

Better Longer Disease Drought Higher
Nutrition Shelf Life Resistance Tolerance Yields

DNA Breaks & Repairs '
Happen in Nature .

,

More Efficient Development of

’ SCIENTISTS HAVE DEVELOPED A DEEP
& i Healthy Seed Products

\ UNDERSTANDING OF THE

Genetic & Physical

. F
¥ \® Attributes Mrattiple 5.2 s
N WITHIN PLANTS cyCIes =& Cycles 'mein ggﬁ
Create Specific “Plant S WcrisPR' 7
Outcomes \ Brecding \, ﬁ
crisprcas.pioneer.com SAME FIELD TESTING

®, ™, ™ Trademarks and service marks of DuPont, Ploneer
or thelr respective owners, 2017, PHII
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