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NEec texVIKEC otn BeAtiwon Twv dutwv (NTB)

O BeAtwwTtec avekaBev uLoBeTOVOAV VEEC
TEXVIKEC/TEXVOAOVYLEC :

ArtAoegldn ko StamAoeldn

XPWHOOWULKEG LETABOAEC— OELPEC UTIOKATAOTAONC
KOl TPO0ONKNC XPWHOCWHATWY UETAEL EL6WV
MetaAaéoyeveon e XNULKA Kol LOVI{OUOEC
aKTWVOPBOALEC

|OTOKAAALEPYELA KOl KUTTALPOKOAALEPYELOI— EVPUTEPOC
LVBPLOLOUOC, in vitro yovipomoinon, CUYXWVELON
NMPWTOTIAQOTWY, OCWUOKAWVLKN TIAPAAAOKTIKOTNTA
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H ertoxn tnc Moplaknc BloAoyiac -

Blotexvoloyloc

AUO KOUBLKEC TEXVOAOYLEC TTOU avarTuxOnkav pe BAon TEXVIKEC TNC
Moplaknc Blohoyiac Bpnkav edpappoyn otn BeAtiwon:

Moprokol SeIKTEC
FEVETIKA MNXOAVLIKNA

Evw n emAoyn pe xpnon OEKTWV EYLVE OEKTN xwpiq npoB)\r'] Hata, N
uetadopa Eevouv DNA ota KaMLepvou Heva puta r]tav eva frua
nov apdlofntnOnke ooBapa (Atav €Tolun n Kowwvio;
E¢amatOnke kot armo molouc; ouvoedepeva ouucbepovra )

H avtamokpLon Twv VeV OUVWYV TTOALTIKWY Kol VOUOBETWVY ATaV va
eVowHaTwBOoUV oAU auoTnpotL KAVOVEC OTLC VouoBeoiec Twv
KPOATWVY O€ OAO TOV KOOUO

Ou epevvntec avalappavouv dpaon kol tpoortaBouv vo. KAVOUV T
[T dutd 000 T0 SuvaTov Lo ‘puotkd’



BEATIWOELC OTN YEVETLKN TPOTOTIOLNON

NEEC TEXVIKEC VEVETLKNC TpOTIOTOLlNONC e€EAlocovTolL
OUVEXWC

AudroBntnon ylo To av oL TTOKLALEC TTOU TIPOKUTITOUV
TPETIEL VAL UTTALYOVTOL OTNV VOUOBEGLA OXETIKN UE
[TO

2 NUOVTLKEC pooTiaBelec otnv katevBuvon NG
nAnpouc e€alewnc napovaoiog Eevou DNA

2 € TIOAAEC TIEPUTTWOELC AUTO £XEL ETILTELYOEL



Avadoartvopeva {nTrnpata

YrapxeL cUyXuon oTNV EMLOTNOVLKN KOLVOTNTA YLa TO
TIOLEC ATIO TLC VEEC TEXVLKEC Ttapayouv 'O kall TtoLec oyl

Ol voupoBetec eival o pmepdepevol Ko Oev emBUOUV
VOl TTAPOUV ATTOPACELC

Tepaotia ouvoedEUEVA OLKOVOULKA CUUDEPOVTA

2 TNV €MOXN Hac tou N dnuoota StaBouAsvon npokpivetal
ooV MEOCO yLa vol Aappavovtol amodpAoELS, TTWC UTOPEL N

Kowwvia va oul{nNTACEL BEPOTO OXETIKA UE HLa TEXVOAOYLOL
TTOU QKON €€eAloOETaL KOl TAWWTOXPOVA TIAPAYEL TtpoiovTa

£TOLULOL YLOL EMTIOPLKA XPNON;



[ToLeC €lval Ol VEEC TEXVLKEC BeATiwonC

MetaAAagyeveon Zuppoatikol

=Cisgenesis/Intragenesis arnoyovot ano I'T

"EpBoAiacuog (Grafting) | T[pOV(')VOUQ )

"Avtiotpodn BeAtiwon (Reverse breeding)

"Eriitayuvon tng BeAtiwonc oe devdpwdn (Fast-track

breeding for trees and shrubs)

"AypoBaktnptakn 6n0on (Agroinfiltration)

*MeBuAiwon kat adpavornoinon yovidiwv

" Metalaélyeveon pe oAtyovoukAeotidla

(Oligonucleotide-directed mutagenesis)

*"NOUKAEQOEC TTOU KOPBOUV OTOXEVOUEVEC BDEDELC
(Site-directed nucleases)




Intragenics/cisgenics

[eEVETIKN UNXovikn ota puta pe to Siko touc DNA
YUvBeon dopEwvV petadopac yovidilwv HE
PUBOLLLOTIKA oToLXEla aro To £160¢ Mou givol PoC
TpoTmonoinon

Metadopad yovidiwv armo tn Oeéapevr yovidiwv
Tou €ldouc o€ emAeyueVec elite TTOWKLALEC

[TO xwpic ‘€evo’ DNA



Cisgenesis (I6lo-tpomomnolnon)

* H petadopad yovidiwv eVvioc Twv
rnopadocLakwy yovidlokwyv de€apevwy mou
Bplokovtal otn 61aBson Twv PeATIWTWV.

* AnAadn oL BEATLWTEC TpOTIOTIOLOUV T PUTA UE
TN XpNon yovidiwv mou poEpyovTal armo To
L6lo €160C N oTEVA oLUYYEVIKA £LON/ECA OTO
LOLo yevoc(intragenesis)-evboyeveon-
gevOoTpormonoinon.



GENE| CISGENESIS
I _ Promoter Coding sequence Terminator

\gene |] (gene |) \gene ||

GENE 2

INTRAGENESIS

GENE 3 Promoter Coding sequence Terminator
pene /) (gene |] |gene J)
| ] L ] I
coding sequence Terminator

JTnv cisgenesis To YovidLo £xeL TOV PUOLKO UTIOKLVNTH TOU KOl TOV TEPUOTLOTH TOU
/dnAadn anotelet €va mAnpeg avtiypado DNA evog puaoikou yovidiou
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Transgenesis-Alayeveon

H petadopa yovidiwv
avapeoa o< WLaitepa
EKTETOMEVA TOELVOULLKAL
opla (1Y amo T
Boktipla ota puta).

AtayovidLako ¢puTo To
nPoiov tn¢ dLayeveong
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TABLE 1 | Applications of cisgenesis and intragenesis in woody fruit species.

Plant species Name of gene Source Trait Achievement References
Apple (Malus Herlf2 Apple (Malus Resistance to Apple scab (Ventura  80% reduction in fungal infection of Joshi et al., 2011;
domestica) domestica) inaequalis) the cisgenic lines compared with the  Vanblasre et al,

scab-susceptible 'Gala’ 2011, 2014:
Apple (Malus RviB Apple (Malus Resistance to Apple scab (Venturia  Cisgenic plants had similar resistance  Krens et al., 2015
domestical floribunda B21) inasqualis) to the M. floribunda control
Apple (Malus = Rvig Apple (Malus Resistance to Apple scab (Venturia  Two cisgenic lines resistant to Wurdig et al., 2015
domestica Borkh| floribunda B21) inaequalis) strain 104 (Race 1) (Ventuna inaequalis) strain 104

(Hace 1)
Apple (Malus = Herlf2 Apple cv Gala Resistance to Apple Rwb scab Cisgenic lines containing the Horl/f2 Gessleret al,, 2014
domestica Borkh) gene
Apple (Malus FB_MRS Apple cv Gala Resistance to fire blight (Erwinia Cisgenic line C44.4.148, expressing Kost et al., 2015
domestica) Galaxy amylovora) the cisgene FB_MRS5, with lower

disease symptoms when inoculated

with Enwinia amylovora
Grapevine (Wifis WWTL-1 Grapevine (\ifis Resistance to Powdery mildew Cisgenic plants showed a delay in Dhekney et al., 2011
vinifera L) vinifara) |Erysiphe necator) powdery mildew diseasze

development and decreased severity

of black rot (Guignardia bidwelli)

during field tests
Grapefruit (Citrus C. clementina-derived  Citrus Development of “foreign DMA-free”  Transformation efficiency in “Duncan”  Anetal, 2013
paradisi) T-DNA-like region clementing intra-/cisgenic citrus cultivars grapefruit was ~0.67%




GMO vs Intra-genic
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Intra-genic

OL ntatatec Innate® eivatl Ayotepo
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RNA-i texvoloyla

 H RNA interference (RNAI) eival pia
Stadikaoia peta-petaypadknc otyaonc(Post
Transcription Gene Silencing) (PTGS) yovibiou
kata tnv omola dikAwvo RNA (dsRNA)
npokaAet arntodounon piog aAAnAouyioc-
otoxou mRNA.

* Elval eva ¢polVOUEVO ETILAEKTLKNAC
anoowwnnong yovidiov (gene knock-down).



RNA-i texvoloyla

* O puowkoc poloc tou RNAI elval n mpootaocia
arto Lov¢ Kat n evéoyevnc puOuion yovidilwv
o€ puta



* To RNAi pawvopevo mpwtoavakaAUdOnke oe
Stayovidlaka puta rmetovviac (Petunia
hybrida L.) (Napoli et al. 1990)

* Antpoodoknta, mponABav dlayovidloka uta
TTOU Ttapryayav AgUKO 1 XLHLOLPLKA aveon avti
yLa okoupa pof avon Aoyw tnC amoolwnnonc
Twv evboyevwv opoAoywv yovidilwv Kal auTto
T0 PALVOLLEVO OPLOTNKE WC KOUV-KOTOLOTOAN ».

* Co-suppression




Yrtapyxouv SUo kKUpLec Sladpopec RNAI:

1. pkpa topepBarropeva RNAs (siRNAs) rtou
dSnulouvpyouvtal HEOW eMEesepyaciog
ueyoAutepou dsRNA kal

2. microRNAs (miRNAs) mou dnuioupyouvtal
LEow emetepyaoiac tou stem-loop 19
NPOoOPOUWYV HoPLlwV



KUpla cuotatika tnC Stadikaoiac RNAI
yia tn Onuovpyia siRNA

* 1. Dicer

e 2.small Interfering RNA (siRNA )

* 3. RNA-Induced Silencing Complex (RISC)

* 4. RNA-Dependent RNA Polymerase (RdRP)




RNAI: dtadikaoio Suo pacewv

Evapén

- Anuovpylo wptpou siRNA n miRNA
EktéAeon

- Altoowwrinon Tou yovidilou otoXou

- ) AVALOTOAN TNC METADPAONC
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TABLE 2 | Applications of HNA interference in woody fruit species.

Plant species Name of gene Source Trait Achievement References
Papaya (Canca papaya) PRSV-CP Papaya ningspot Resistance to PRSY Transgenic papaya resistant to Gonzsalves, 1998,

virus (PRSV) Papaya ringspot virus (PRSV) 2006
Plum (Prunus PPV-CP plurm pox virus Resistance to Sharka (PPV)  Transgenic plum clone Honeyswest Scorza et al.,
domestica L) (PPV) resistant to sharka disease 1994, 2001, 2013
Sweet orange (Citrus CPsV-CP Citrus psorosis Resistance to CPsV Transgenic sweet orange plants Heyes et al., 2011
sinensis) virus (CPsV) resistant to CPsV
Grapefruit (Citrus CTv Citrus tristeza wirus  Hesistance to CTV Transgenic grapefruit lines resistant to  Febres et al., 2008
paradisi) (CTV) cTv
Apple (Malus MdhLO19 Apple (Malus Resistance to powdery Transgenic apple lines resistant to Pessina et al.,
domestica) domestica) mildew (Podosphasra powdery mildew 2016

feucotricha)

Apple (Malus igah and ipt Agrobactenum Resistance to crown gall Transgenic apple lines resistant to Viss et al., 2003
domestica) tumeafaciens formation crown gall formation on tree roots
Pear (P communis L)  MdTFLT Apple (Malus Early flowering induction Silencing of PeTFLT-1 and PcTFLT-2  Freiman et al.,

domestica) genes in transgenic pear with 2012

consequent early flowering phenotype
Apple (Malus MdGAZ20-ox Apple (Malus The obtainment of dwarf Transgenic apple lines with reduced Zhao et al., 2016
domestica) domestica) varieties height, shorter internade length, and
higher number of nodes
Apple (Malus MdAG-like genes: Apple (Malus The reduction of fertility and ~ Trees with polypetalous flowers. Klocko et al,, 2016
domestica) MdADS15 and domestica) the increase of Floral Heduced male and female fertility of
MdMADS22 Attractiveness flowers

Apple (Malus Endo-polygalacturonase Apple (Malus Improve post-harvest fruit Increased post-harvest fruit quality Atkinson et al.,
domestica) PG1) domestica) quality 2012




__Cmum.suu branching,
' leaf & inflorescence morphology

= | i D
Deletion of Allergens —-@ﬂ d 1 (apple), Lyc e 1 (tomato),
Ara h 1(groundnut),
Removal of toxic _-C:.“a." Cynogenic glycosides,
compounds | Gossypol
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Modulation of flower _Cbnuk m >
colour and scent
Engineering of __< Morphine, Ginsenoside,
secondary metabolites
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Trait Target Appllcatlon
Gene

Enhanced Lyc Tomato Increased concentration
nutrient lycopene (carotenoid antloxudant)
content DET1 Tomato Higher flavonoid and bcarotene

contents
SBEII Wheat, Sweet Increased levels of amylose for
potato, Maize glycemic anagement and digestive
health
FAD2 Canola, Increased oleic acid content
Peanut,
Cotton
SAD1 Cotton Increased stearic acid content
ZLKR/SDH Maize Lysinefortified maize
Reduced lachrymatory Onion “Tearless” onion

production of factor
lachrymatory synthase
factor gene

synthase https://www.isaaa.org/resources/publications/pocketk/34/default.asp
12/1/2019 Department of Plant Biotechnology




EpBoAlocpoc o [T umokeilpeva

(transgrafting)

NON-GM SCION \"

} -

GM ROOTSTOCK

JupBatika (oxL I'T) epBoAla os I'T uTtokeipeva

avtoxn o€ acBevelec Twv pulwv ylo Sevdpa Kol oTa oToia ta
eUBOALa Sev elval ['T- T elval ta ppouTta;

otav ta dlayovidla Tou UTTOKELMEVOU TIOPAYOUV PUBULOTIKA
micro-RNAs mou petakivouvtol amno tTn pila oto eBOALO KoL ETTAYOUV
aAAayec otnv Ekdppaon yovidiwy;
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Plant grafting: how genetic exchange promotes vascular reconnection

Graft union p

DNA
mRNA
sRNA
Protein
2 Hormone
— Scion
—3 Stock

New Phytologist, Volume: 214, Issue: 1, Pages: 56-65, First published: 19 December 2016, DOI: (10.1111/nph.14383)



Limera et al.

MBETs Genetic Improvement Woody Fruits

TABLE 3 | Applications of trans-grafting in woody fruit species.

Plant species  Name of gene Source Trait Achievement References

Apple (Malus rolB Apple (Malus Control of scion vigor and reduce  rolB transgenic rootstocks Welander and Zhu,

domestica) domestical) plant height significantly reduced vegetative 2000; Smolka
growth including tree height etal., 2010
regardless of scion cultivar

Grapevine (Vitis  Shiva-1 lytic peptide Grapevine (Vitis vinifara)  To control Pierce's disease (PD) Mon-transgenic scion resistant to PD Dutt et al., 2007

vinifera L.)
Sweet cherry
(Prunus avium)

PNRSV

Prunus necrotic
ringspot virus (PNESY)

(Xilella fastidiosa)

Resistance to PNRSV in
non-transgenic scions

Mon-transgenic scion of sweet cherry
grafted onto the transgenic rootstock
showed resistance to PNRSV caused
by the transportation
[rootstock-to-scion) of
hpRMNA-derived siRMAs

Song et al., 2013;
Zhao and Song,
2014




@ Tramsgenic Research 14: 81=93, 2005, D Springer 20035

Transgenic cucumbers harboring the 54-kDa putative gene of Cucumber fruit
mottle mosaic tobamovirus are highly resistant to viral infection and protect
non-transgenic scions from soil infection



YupBatikol atoyovol arno T poyovouc

2UBaTLKoL artoyovol o€ SLOCTIWHEVN YEVLA OO PpuTA
etepoluya yla to dtayovidlo

Avta ta cupBatika puta Bewpouvtal [T otn
vopoBeoia MoAAWV XwWPWV OUUTTEPLAAUBOVOUEVWVY TNG

EE kat tn¢ Neacg ZnAavdiog

Mw¢ To KPLVOUE ATTO ETILOTNLOVLKI) OKOTILA,



YupBatikol atoyovol arno T poyovouc

upBatikol armoyovol o€ SLACTIWHEVN YEVLA o puta etepoluya
yLa To dtayovidlo

Avta ta cuppBatika puta Bewpovvtol I'T otn vopoBeoia moAAwv
XwWpwV cupneplapBavopevwy tnec EE ko tng Neac ZnAavdiog

[Mw¢ TO KPLVOUE QIO ETLOTNLOVLKN OKOTILA,




Fast-track

breeding

A) Mwa evaioBntn og acBEveleg ALt OLKIALLL
TPOTIOTIOLELTAL YEVETLKA YLla Vo avOioel vwplig
(avTutpoownevEeTAL OO avolXTa pactvo ¢puTad).
AUTO T0 veapo I'T évtpo Ba Staotaupwbel pe
pia un I'T avBektik og acBgvela otk ia (Ta pn
[T duTtd avtutpoowrevovVTaL O OKOUPO
NPAOLWO). O YEVETIKA TPOTIOTIOLNUEVOC OTIOYOVOC
(otvolxto mpAcLvo) UIMOpPEL 0T CUVEXELD VAL
SlaotaupwBel pe TNV apxLkn €At molkAla ya va
ouvbuaoel 600 to SuvaTOV MEPLOCOTEPQA
ETLOUNTA XOPOKTNPLOTIKA Kat va adatpedel
¢ava to yovidlo mpwipng avBodopiac. To TeAko
TPOoLOV elval emopevwe eva un M d€vtpo mou
ouvlualel OAa TaL ETILOUUNTA XOPOKTNPLOTLKA TNG
EALT TOLKIALOG pall LE TO XAPAKTNPLOTLKO
aVOEKTLIKOTNTOC OTLC AOOEVELEG.

/

o



1. Emttayuvopevn BeAtiwon

ELITE CULTT¥AR [NTRODUCING THE ERRLY
[KSEASE SUSCEPTIBLE FLOWERING TRAT 'D
—— o
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O

O
BACKCRDES WITH
ELITE CULTIVAR

N
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Fast-track breeding

* B) Avti va avantuéovpe pra GM gAit molktAla,
eval KAoOL TNC €ALT TTOLKIALOC MTTOPEL VO
ePoAlaotel o eva I'T devtpo nou ekppaleL TO
yovidlo mpwipng avbodopiac. Ot mpwTELVEC TTOU
npokaAouv avBodopia amo to I'T umokeipevo Ba
uetadepBouv o€ oOAOKANPO TO EUPOALO UE
amoteAeopa tnv powpn avBodopia tou. Ta
AndOevta avOn umopouv otn CUVEXELD Val
Xxpnotpormotn®ouv we dwpnteC yupne yla
TIEPOULTEPW SLOOTOUPWOELCS



1. Emttayuvopevn BeAtiwon
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RESEARCH ARTICLE Open Access

Fast-track breeding system to introduce a@
CTV resistance of trifoliate orange into o
citrus germplasm, by integrating early

flowering transgenic plants with marker-

assisted selection

Tomoko Endo'", Hiroshi Fujii', Mitsuo Omura® and Takehiko Shimada'"




2. Avtiotpodn BeAtiwon

P ' X
“ Otav to dlayovidlo " " " " " "

QVOOTEANAEL TO PARENT A PARENT B
dUGCLOAOYLKO
avaouvouaouo " " " HYBRID
otn Melwon

= Elval éva ToAUTIHO /

epyaAeio yla va
OTIALOEL ] VAL

dlatnpnoet

opadec ovvdeonc II " "
(ouykAnpovopou-

Heva yovidia) " " "

Conventional
breeding



* OLTmowKLAlec- UBPLOLO
TOPAYOVTOL ETULAEYOVTOC KoL
SLO0TAU PWVOVTOAC TLC YOVLKEC
KaBapEC OELPEC yLaL TNV
aéloAoynon tnc VPBPLOLKNAC

Reverse anodoonc. H avtiotpodn

BeATlwon ETUITPETEL TO

avtiBeto: emAoyn Un

XOLPOKTNPLOUEVWV

eTEPOlUYWTIKWV UPBPLOLWV Kot

dnuLoupyla yovikwyv KaBapwv

OELPWV OO AUTA.

/
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* Me auTtov Tov TPOTOo, Ol
eTUAEYUEVOL ETEPOIVYWTEC UTTOPOUV
va avarapoxbouv wc uPBpidia F1,
QU EAVOVTOC ONUOVTLKA ToV apLlOpo
Twv UBpLOLWV TTou pmopouv va
e\eyxBouv o€ poypappaTa
BeAtiwonc. To KAeLWSL yLa tnv
avtiotpodn BeAtiwon eivan n
KOTOLOTOAN TWV HLELWTLKWV
QVOLOUVOUQOUWYV O€ £va UBPLOLKO
duTO yLa va e€aodalloTel n j
Hetadopd TWV N
QVAOUVOUAOUEVWY XPWHOCWHLATWY ,
o€ anAoeLldeic YaETEC.

/

Reverse

breeding
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Reverse Breeding vs. Traditional Breeding

FRRTITTT T S planco
$4444444

Engineered Meiosis

Heterozugous Reverse Breeding
Heterogenious
Population Subsequently, the
obtained
Development of homozygous lines
Traditional Breeding [ :ZHEHEIBLTE are hybridised, in
/ \ orderto
reconstitute the
original genetic
P] PZ composition of the

selected
heterozygous
plants.




T 1
parent A inbred

parent B offspring A offspring A

homozygous heterozygou heterozygous
chromasome pairs or “ chmmnsm'ne pairs “ chromosome pairs o “

parent A parent B

{recombinations without with recombinations
nat visible) recombinations



parent effspring A effspring A inbred intred

parent B
parent A v parent B
]

{recombinations without with recombinations

homozygous heterozygous heterozygous
chromosome pairs . “ chromasome pairs - “ chromasome pairs o “
not visibla) recombinations

Figure 5 Schematic overview of final outcome of different breeding approaches. During
conventional breeding recombination of chromosome pairs results in reshuffling of geneatic
material and unigue combination of genetic variation will be lost. In reverse breeding a selected
heterozygous offspring plant is crossed with itself, while chromasomal recombination is
supprassad by a transgene and results therefore in lines with homozygouws chromosome pairs.
The haploidization step, this is producing plants in which only one chromosome of each
chromosome pairs is present, and the subsequent doubling of these chromosomes again, so that
doubled=-haploid plants with homozygous chromosome pairs are produced, are not shown heare
{explanation of homozygous vs heterzygous chromosome pairs is shown at the bottom box).
For hybrid variety production, parental lines in which the genetic variation of the chromosome
pairs complements each other are selected from the reverse breeding program. Crossing such
lines will result in uniform offspring hybrid plants (seeds), which are genetically similar to the
plants with which the reverse breeding was started with.



Fgure B Schwmatic repr esentation of reweris bresding. Using GM technology
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Firaly riw plarts are regensratng out of the doubled gemetes. Some of the
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Available online at www.sciencedirect.com

ScienceDirect

RESEARCH ARTICLE

Development and application of marker-assisted reverse breeding
using hybrid maize germplasm
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3. RNA-dependent DNA methylation

e HRdADM ET[OLVELTI’] ueraypad)tkn yovidiakn oilynon (TGS)
OTOXEU usvwv yovioiwv peow tng pebBuiiwong tou

UTIOKLVNTA.

 H emnitevén otoxevpevng RADM, yivetal pe elcaywyn
yovidiou ou kwdikomotlel RNA 1mou eivoil opoAoyo e
TLEPLOXN TOU UTIOKLVNTN TOU TIpOoC alynon yovidilou.

* H petaypadn autwyv Twv yovidblwv odnyel og mapaywyn
SikAwvwv RNAs (dsRNAs), ta omtoia, HETA amo eneepyaoia
armo eOKa evivpa, emayouv peBuAiwon Twv aAAnAouXLwV-
OTOXWV TOU UTIOKLVNTI AVOLOTEAAOVTAC £TOL TNV PETOYpAdN
Tou yovidiou otoyou.



viral gene recombinant gene

gene ——
N RNA degradation gy  mesm  m—es s
- s . fragments - . .
+ +

O s O
- RISC forms complex _—
with RNA
; RISC-RNA finds .
matching DNA

... and attaches methyl
{(CH3)-groups to DNA
l natural target I’

% ... which blocks activity %

of the gene

Figure 4 Simplified graphical representation of RADM. On the left side the natural defence system
leading to methylation of a viral gene is shown. On the right side recombinant=-derived RMNA
malecules guide the RISC to its natural counterpart resulting in DNA methylation and subsequent
block of gene activity. The recombinant gene is containing fragments of the natural gene to be
targeted.
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Agrobacterium

e Zxnuatikn avamopadotoon Aladopa oTEAEXN
Agrobacterium (pwp, moptokaAl, UITAE, KitpLlvo) TTou
TIEPLEXOUV TLC VEVETLKEC TTANPOdOpLEC YO TNV
ropaywyn OLadopeTIKWY TEAECTWYV, EYXEOVTOL OF
dUAAa. Torika, To Agrobacterium pHeTAPEPEL AUTEC TLC
VEVETLKEC TTANPOPOPLEC O OPLOUEVA PUTLKO KUTTAPO
TTOU OTN OUVEXELA TIOPAYOUV TOUC QLVTLOTOLYOUC
teAeotec. Eav autol ol TEAEOTEC avayvwpillovtal armno
TLC IPWTELVEC avToXNC Tou PpuTOoU, TTapaTnPELTaL
uTtepevalodnoia (KOKKIVoC KUKAOC).



2>TOXEVHEVN ETEEEPYOIOLA

voviblwpatoc(Genome editing)

ETITPETEL TNV ELCAYWYN OTOXEVMEVNG AAAQYNG OTO
yovidiwpa
Ertituyyavetal pe Stadopec pebodouc:
NOUKAEAOEC TTOU OTOXEVOUV CUYKEKPLUEVN aAAnAouyia (Site-
directed nucleases — SDNs)
MetaAlalyeveon mou KatevBuvetal amo oAoyovoukAeotidla
yla aAAayn o€ cuykekpluevn B€on (Oligonucleotide-directed

mutagenesis — ODGM)
2uUVOUAOMEVN EPapUoyn VOUKAEQAOWVY KOl OALyOVOUKAEOTLOLWV-

TEXVO}\OVIL(I RTDST™ Rapid Trait Development System



1. Site-directed Nucleases - SDN

1.1 MeyavouKkAEQOEC
1.2 Zink fingers

1.3 TALENS

1.4 CRISPR/Cas9



Site-5Specific Nuclease (S5N) technology

55N

|

I s DNA with

DA

S5N-induced
Repair break
r r r
non-accurate accurate accurate
using template DNA using template DNA
with small change with new insert

- TIT ?

SSN-1
| —— |
introduction of
single base substitution new DMNA fragment
S5N-2 S5N-3

Figure 3 Outline of Seguence-Spedfic Muclease technology S55M=1, S5N=-2 and 55M=3. Mote that
the S5M is engineered such as to cause a break at an exact predefined location in the DNA.



Fgure 12. Mucdeases cut the DA at
& specific place. The natural repair
mechanism within the cell repairs
the cut. Errors that spontaneously
occur during this process can lead
to interesting DA changes and

thus new traits.

NON-HOMOLOGOUS END JOINING

7\

A
JOME A SOME DA
LETTERS DIEAPPEARED LETIERS ADDED
[YZFUKCTIONAL GERE

NUCLEASE
CUTS DNA

DOUBLE-STRANDED BREAK

L ATASPECIFIC LOCATION

D

7\

HOMOLOGY DIRECTED DA REPAIR
WITHTHEAID OF DONOR DNA

7 N\

[ |

- )
GEME AIDITION DN &
e SPECIFIC LOCATION

CORRECTICH



1.1 MeyavouKAEQOEC

Elval pa katnyopilo amo omavieg EVOOVOUKAEAOEC TIOU KWOLKOTIOLOUVTOL OE LVTPOVLOL KOLL
avayvwpilouv meploxec tou DNA pe ouykekplpévn aAAnAovyia 12-40 Bdaoelg 6mou dSnuloupyouv
OTIAOLUO KOLL ELOOYWYH EVOC LVTPOVIOU.

% gene of interest %
- — Chromosome A
| randomly integrated at position T|

l

gene of inferest

Chromasome B

|

gene of inferest

Chromosome B



Genome editing (Etregepyacia
YOVIOIWHATOG)

« H petaBoAr Tng aAAnAouyiac Tou DNA "in situ”
e 2TOXEUMEVN METOAAOCIYEVEDN

— Knock-outs

— 2NMEIOKEG METAAANACEIC

— Elocaywyécg yovidiwyv ) "emBEpaTa TpooyEiwang
XapakTnpIoTIKwv« (trait landing pads)

e |daviKa OEV a@VEl ATTOTUTTWHA dIAYOVIQIWV
* |s genome engineering plant breeding,
genetic engineering or both?



Genome Editing (Enefepyaocia yoviSLOpHowog) 8

2TOXEVUMEVEG MOPEUPBACELC 0TO popLAKO emtinedo tou DNA, tov :
I
I

I
I
I
I MHeTABAAAOUV GKOTILHOL TO SOULKA | AELTOUPYLKA XOLPAKTNPLOTIKA TWV
I

0 OPYOQVLORWV ‘\4

Site-Directed Nucleases (SDN):

v Zinc Finger

v" TALENSs (transcription activator-like effector

nucleases)

v CRISPR/Cas9 systems (Clustered Regularly

Interspaced Short Palindromic Repeats - associated

protein-9 nuclease (Cas9))

V.



1.2 Zink fingers

RIGHT ZFN

0000000

LEFT ZFN




ZingFingerNoucleases

* OLZFNs eival mpwTtelveg mou €xouv oXeOLAOTEL ELOLKA
yLa vat KOBouv oe cUuyKeKpLUEVO 6E0EUPLBOVOUKAELKO
0&v

e Amotelouvtal amo pa teptoxn ' dakTtuAou
Pevdapyvpou” (avayvwpilovioc CUYKEKPLUEVEC
aAAnAouyiec DNA oto yovidiwpa tou putou) Kot pLo
voukAeaon rtou kKoBet to SikAwvo DNA.

* To OKEMTLKO yLa TNV avarmtuén tng texvoloyloc ZFN yia
NV BeAtiwon Twv putwv €ivat n dSnuioupyila evog
EPYQAAELOU TIOU ETITPETIEL TNV ELCAYWYN ELOLKWV yla TN
Bcon petaAlatewv oto yovidlwpa Twv Gutwv N TNV
ETUAEKTIKN EVOWUATWON YoVIOLwv.



LFG

l ZFN cleavage

Add
Donor DNA
Nonhomologous
l:] end j jommg
= J|

l Homologous

recombination

-

Targeted gene relacement Targeted mutagenesis



A ZFN recognition and cleavage of DNA ‘

T e e W
3 GRG-Gre-o06 Soare e ae-i.

"Q@,@W
. mm-mgm_mmg

w‘i@.‘?ﬁ-

5'-cTC-CAC-CGC CGTAG GCG-GTG-GAG-3'
3’ -GAG-GTG-GCG GCAT € CGC-CAC-CTC-5'

-@E & -
w— -sheet

) ._ u-hen?'$\

Fok | Zinc Finger




PRIC full text: Genstics. 2011 Aug; 188(4) T73-TED
doi: 10.1534/genstics. 111. 131433
Copyright/License Request permission to reuse
Table 1
: Reported instances of successful ZFN-induced gene targeting
1 Organism Latin nanse Method TM TGER References
Amnimals
Fruit fly Drosophila melanegaster  Heat-shock induction  + + Bibikova er al. {2002, 2003}, Beumer ef ai. (I0046)
Embryo injection + + Beumer er @ (2008
HNematode C elegans Gonad injection + Morton ef al. (3006
Sillowomm Bombyx mori Embryo injection + Takasu e @i {20100
Zabrafish Danig rerie Zygote injection + Mene ef al. (3008, Doven er af. {3008y Foley er ai. {2008
Sea wchin Hemicentroms puwicherrimis Embrye injection + Ochiai er @i (3010
Frog Xenopus tropicalis Embrye injection + Youne e @l (2011
Fat Rartus norvegicus Zypote injection + + Geurts er @l (20007, Mashimo er @ {2010)
house s masc s Zypote injection + + Mever erf @i {20107, Carbery ef ai. (30107 Cui ef ai. (3011
N Plants
? Crass A rhailiana Apgrobacterdium + Carbery ar @ (201073, Cwi er @ {30117, Llovd ef ol (3005, Zhane ot @ (30107, Ozakabe er @ {3010), De
Tobacco Nicotiana sp. Protoplasts + + Wrisht er @i {2005, Towmsend or ai. (30087
Aprobac terium + + Cai ef @i {30087
Wiral delivery + Marton e @l (2010
Nlaize Zoa mays Cell culturs + + Shukla er ai. {2008
Petunia Patunia sp. Wiral delivery + Marton er @i (2010

hlammalian cells in culture

Human Homo sapiens DA transformation = +  Poneus and Baltimore {3003), Umov e @ (3005, Alwin er al. {2003, Perez ef @i (3008), Hockemever ef ai. (30097 Eim er qi. {30
Wiral daelivery + + Lombardo ef ai. (3007

Wlouse A mnscidis DINA fransformation = + Goldbere e ai. (30107, Connelly ef al. {30100

Hamster Cricenuius grizens DA fransformation = + Santiamp of @i {2008, Liu er @i {20100, Cost er al. {30100

Pig s domestica DA transformation = Watanabe or @i (30107

= TM refers to targeted mutagenesis by nonhomologous end joining TGR. is tarmeted pene replacement by homelogous recombination. In addition to the examples shown hera, I have heard reliable, but umpublizhad,
= rafarancas iz not avhanstiva it nrocidas midanes ta kaw mihlicatinns



Quick overview around Zinc Fingers and

TALENS

Zinc-finger motif consensus

Zinc Fingers Nucleases (ZFNs): CX, CXFLGHXH

Right ZFP

“** DNA-binding zinc-finger motifs + an endonuclease

Fokl

9TCC&CTGCTT%CCTGGGCGM
«* Each module recognizes a nucleotide triplet * 2/CCICICAICIGAAICICIGACCCG CGTICACICIGAGTACGE

{-- Qlc: Spacer (5-7 bp)

** Fokl endonuclease functions as a dimer N
Left ZFP
TALENSs:

LTPEQVVAIASNIGGKOALETVQRLLPVLCQAHG . . . . .
s - *“** DNA-binding domain (amino acids

repeats) + Fokl endonuclease

4

** Each amino acid recognizes one

nucleotide of the target DNA

IRRRRRRR  RRRRY
Right TALE sequence

Spacer (12-21 bp)

4

** Fokl functions as a dimer

Kim, H., & Kim, J. S. (2014). A guide to genome engineering with programmable nucleases. Nature
Reviews Genetics, 15(5), 321-334.



1.3 TALENS

2 XEOOV OAEC 01 TEXVIKEC BeATiwoNng Bacilovtal o€
OUCTAMATA TTOU UTTAPXOUV OTN QUOH, LEFT TALEN
oupuTtrepIAapBavopévng 1ng TexvoAoyiag TALEN. G

TAL-effectors cival rpwreiveg déoueuonc DNA ﬂ
TTOU TTPOEPXOVTAI ATTO BAKTAPIA TOU YEVOUG FOK
Xanthomonas. Auta 1a Baktripia TTPOKAAOUV

f
QPKETEC a0BEvelEC TwV QuTWYV. Kata Tn dIdpKeIa _ 00000000 _ 000000

NG d1adIKagiag JOAUvVONG Tou QUTOU ATTO TO

BakTrplo, Ta BaktApia eyxéouv TeEAeoTEC TAL oTa L/.
RIGHT TALEN

(PUTIKA KUTTApPOQ.

transcription activator-like effector nucleases



TALENS

O teAeotec TAL petadepovtal EMELTA OTOV TUPNVA
TWV PUTIKWV KUTTAPWV Yo va decpevtouv oto DNA
TOU PuUTOU Kol ELOLIKOTEPOL OTOUC UTTOKLVNTEC
OPLOMEVWYV YoVISiwv. Autn n SEoeLON EVEPYOTIOLEL TN
dpaoTNELOTNTA TWV YOVISLWwV TwV GUTWYV TToU wheAOUV
N MOAuvon armo ta Baktnpidia. Emopevwe, o
Xanthomonas ypnotuornolet teAeotec TAL yua va
avénoeL tnv evatoBnoia tov putov. Elval evoladepov
OTL N aAAnAovyia avayvwplonc DNA twv teAeotwv TAI
UrtopeL va puButotel yia va avarmtuxBouv teAeotec TAI
TTOU UITOPOUV VA avayvwploouv oxedov OAEC TLG
aAAnAouyiec DNA.



Transcription activator — like effectors (TALEs)

TALE proteins structural domains

Repeat domain

T3S signal @) B
N THoiNG N

DNA

DNA binding domain

Integrases

Functional domain

Transcription activator — like effector nucleases (TALENS)



2uvoyilovtag...

Hybrid Meganuclease

N .
5’ e AGCACAGATTCCGA TATCAGAAAGCTTT me—— 3’

C 3’ s TCGTGTCTAAGG TTTCG e 5’

Zinc finger domains

ud

TALEN 5’ e— AGCACAGATTC CGA ATGBATAT CAGAAAGETTT s 3’
3’ e TCGTGTCTAA AG TA TCTTTCCAAA m—— 5’

VW

active Fokl catalytic subunit heterodimer



1.3 CRISPR/Cas

In CRISPR/Cas, CRISPR stands for Clustered
Regularly Interspaced Short Palindromic Repeats
and Cas for CRISPR-associated.

Otav ta Baktiplo poAuvovtol PeE 10, Ta popLa
RNA tou

Tou Paktnplakol ovotiuatoc CRISPR / Cas
deopevovtal oto RNA

TOU LoU. AUTOC 0 8e0poG KaAel TIC BAKTNPLAKEC
VOUKAEQOEC

va kKoPouv to ko RNA Kal €10l va. KATOOTPEPEL
ToV 10. 210 cuotnua CRISPR / Cas gilval EMOMEVWE
To Baktnplako

Mopla RNA rtou kaBopilouv tnv akpifela tou
TwV VoukAeaowv Cas

RNA




Genome Editing: CRISPR/Cas9 System

1 sgRNA (single guide RNA) 2 sgRMNA + Cas9 protein

** Eviaio o8nyd RNA (sgRNA) e

ngtNA

;»w

SECUEVEVO OE L VOUKAEARDN o

PAM sequence
5-NGG-3')
/'

“* To oUpmAeypa mepvd péoaamd g rrrrrrrreer o T
L1 11

Target specific tracrRMA ||
: erRNA sequence
To DNA HEXpLVa BpSL K « Your favorite gens >
CUMUTANPWHATLKA aAucida

3 Target specific cleavage Cellular error-prone repair “knocks out” gene

“** M aM\ayn Stapopdwonc

-»> -

EVEPYOTIOLEL TNV VOUKAEAoN

** To &ikhwvo DNA koBetal S,\,lrr--.l_l—'-q

i T
“* To DNA eruSlopBuvetal 6To — 'j[,' e =

A A
-

KUTTAPO

http://www.clontech.com/US/Products/Genome_Editing/CRISPR_Cas9/Resources/About_CRISPR_Cas9



DNA Repair Mechanisms
/{/')7 gg:élease-induced

il

MHE]-mediated I‘Ep/ HDR-mediated repair

— Donor ——a—— Donor
template I template I
L - -
Insertion orJHBIEEEN (indel) mutations Precise nucleotide alterations Precise sequence insertion

DNA repair mechanisms, during which genome modifications occur:

“** Non-Homologous End Joining (NHEJ)

Produces a small insertion or deletion (without the use of exogenous DNA)
o : : Mia petaAAaén oto yovidiwua
+* Homology-Directed Repair (HDR)

Can introduce a desired DNA sequence or gene into a targeted site

Joung, J. Keith, and Jeffry D. Sander. "TALENSs: a widely applicable technology for targeted genome editing." Nature reviews Molecular cell biology 14.1 (2013)



Eneéepyacia yovidSiwpatog yio tnv an.toupvio: -

¥
BeATLWHEVWV DUTWV '

H BeAtiwon dutwv, £xel cupPaleL tepdotia oTNV
a0ENGN TN MAYKOGHLOG IOPAYWYHG Tpodi:- -

yrdpxoLY,
“Ep\.OP\'G\'XOL -

Ynep: Katé:

“** AKPLBAC KATA TNV ELOAYWYT TOU ¢ H Tuxaia duon Twv
gmBupuntol XapaKTnPLOTIKOU napepBoAwv yovidiwv pmopet
“* Tpriyopn oTnV amoKInNon Tou va EXEL avembuunta
TeALKOU TtpoiovTog anoteAeopaTa

% Mrnopel va avénoeL tnv *%* NAev evbeikvuvtal ywa TNV

TIAPAYWYLKOTNTA KAl TNV 1 npayuatonoinon HLEYAAWV
l , :

TIOLOTNTA TWV KAAALEPYELWV (TL.X. i OUVTOVIOHEVWY aAlaywv (TTX.

nopaywyr avOEKTIKWY GUTWV, v npocOnkn oAOKANpR

T

) Genome Editing

2 YYnAd pudulouevn



Genome editing to breed better plants

** Tpomomnoinon kaBodnyoupevn amnd ™

OUYKEKPLUEVN BEON-0TOXO yla Eva VEO TTPOLOV

J ’ ’ /] e 1 , Cas9
*%* Melwaon xpovou moapaywyng mpoilovtog G
e & .
J ] ’ ] Ssiss “:’/'; ;]'mﬂ'[‘[m]’n‘m;
*%* Melwon tou aplOpoU TwV EUTTAEKOUEVWV © Y v
v / - Guide
o ; Cas9 RNA

duTWV

> Mutantplant @)
“* Eloaywyn pakpUTepwv akoAouBiwv DNA \;‘y/\

http://www.the-scientist.com/?articles.view/articleNo/45155/title/Gene-Editing-Without-Foreign-DNA/



Edappoyeg

Sleukpivion NG Asltoupylag

Epeuva  (m.x.

yovidiou)

E€adewpn twv avermBupntwv mnpoloviwv Tou
ennpealovv  apvnIlkkad TNV TOLOTNTA, TNV
amoBnKevon Kal TNV eneéepyacio Twv Tpodpipwy
Juoowpeuon HetafoAltwy aflac (eg: Autapad
o)

NopdAAnAn dnuiovpyia petaAldéewv o MOAAQ
LEAN TNC OLKOYEVELAC YOVLO LWV

Anplovpyila mokiAlwy avBekTikwv o emiPAaBeic
opyaviopoUc Kol ooBgvelec (m.y oavOeKktkoTnTA

pullou og Xanthomonas oryzae)



Take home message...

H eneéepyaoia yoviblwpatog £xel ToAAEC SuvATOTNTEC val
nopayel BeAtlwpeva putd, aAAd oUTO TO SUVAULKO UTOPEL va
LLeylotomnolnBel povo otav ocuvoualeTal UE YVWON KoL EUTIELPLA




Potential

CRISPR/Cas9 used to remove entire
HIV-1 genome from infected T-cells

Rev viu Tat d2EGFP

>
& ¥ T g
| | |
-287 (A GGGCCAGGGATCAGATATCCACTGACCTTTGE 204  ~146 | CCGGAGTACTTCAAGAACTGCTGACATCGAGCT! - 113
(GRNA A) PAM PAM (GRNA B)

Scientific Reports.2016; 6:22555. DOI: 10.1038/srep22555



Edappoyec ota puta

Nagamangala K et al. Looking forward to genetically edited fruit
crops. Trends Biotechnol. 2014 Aug 12. pii: 50167-7799(14)001ﬁ7-

)}( ” 4. ¥

Jia H, Wang N. Targeted genome editing of sweet orange u 1‘
Cas9/sgRNA. PLoS One. 2014 Apr 7;9(4):e93806.

LN
0

\

Feng,C et. Al. Efficient Targeted Genome Modification in Vg !

Using CRISPR/Cas9 System, Journal of Genetics and Ge QicE
37-43, January 2016 -

\

Jiang W. et al. Demonstration of CRISPR/Cas9/sgRNA-media
targeted gene modification in Arabidopsis, tobacco, §prghu
rice. Nucleic Acids Res. 2013 Nov 1;41(20):e188. }

\
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2. Oligonucleotide-directed

NINEEENS

*  To oAtyovoukAeotidia dev
EVOWMOTWVOVTAL 0TO yovidiwpa

= Emdyouv &va UnXoviouo
emdbLopBbwoncg tou DNA 1ou
ETUTUYXAVEL TIC EMOUUNTEC
aAAOYEC

= Tivovtal O6Ao Kall TILo CNUAVTLKO
gepyaAeio 600 1o TTOAANQ
yoviduwpota aAAnAouyouvtal

* Tl akpLPNG KoL CTOXEUUEVN
LEB0SOC o TIC KAOOOLKEC
ETIOY WYEC LETAANAEE WV

AGTTA



Cibus Rapid Trait Development System - RTDS

A Gene Repair

Oligonucleotide (GRON) is The GRON creates a

paired with the plant DNA mismatch with the plant DNA

sequence. The pairing only sequence.

occurs at the gene target

region.
The plant's native DNA
repair enzymes recognize
the mismatch and repair
the plant’'s DNA using the
GRON as a template.

Following the repair, the GRON is
removed and the cell digests the
GRON. This is all part of the natural
process of cell division and
multiplication.

g Bo ©:rsecmiem
YRy

‘l been repaired.
® ® @iy e




Canola avOekTikn oto
(L{OVIOKTOVO
couAdouvuloupia
(otoxevpEVN aAayn oto
yovidlo ALS) eival oto
geumoplo cav cupPatikn (OXI
[T) mowAia otic HMA armo to
2014 (3% tn¢

KAAALEPYOU LEVNC EKTAON UE
canola). EV’' avapovn otnv EE.

¢ CANOLA



AwvaptL avBektiko oto glyphosate

Sequence confirmation

Gene-specific SNP EPSPS gene-1 wt bothalleles

gene 1-T: gene 2-C
i ; "“1' |HI f\
I\ [A¥A " | A AV VAR
| I\ /\ [RYR' VA AYRTATRYRVA
(08 SRR S B ¥ A el Y A LA VN
TTOAACTTTTCCTTOGOGAAATAECTGOGGA
m EPSPS gene-2 edited allele
g ‘|;‘|’ ,Hl
E [V \WVVYVVVYVYVY Yy WYY YNV VY
£ TCOAACTTTTCCTTAGGAAATACTAEA
[ EPSPS gene-2 wt allele
f\ A\ l‘ (A ‘f"l f\ A VH’ I

[ \J \ y \/ \ / "J‘ \ y '*J,' ",‘ 'RIAVAYA' '\f '\7
TCOAACTTTTCCTTGOAAATECTEEOA
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Surfactant
only

Glyphosate
(10.5 mM)
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Breakthrough Technologies

Oligonucleotide-Mediated Genome Editing Provides
Precision and Function to Engineered Nucleases and
Antibiotics in Plants'©"™N

Noel ). Sauer, Javier Narviez-Visquez, Jerry Mozoruk, Ryan B. Miller, Zachary ]. Warburg,
Melody J. Woodward, Yohannes A. Mihiret, Tracey A. Lincoln, Rosa E. Segami, Steven L. Sanders,
Keith A. Walker, Peter R. Beetham, Christian R. Schipke, and Greg F.W. Gocal*

Cibus, San Diego, California 92121

Plant Physiology, April 2016, Vol. 170, pp. 1917-1928



YIEP-KATA

*Kawvotopeg BeAtiwoelg o€ 6N SOKLUAOUEVEG TEXVLKEC

*MeyaAec Suvatotnteg dSnULoupyilag YEVETIKAC TP OAAXKTLKOTNTOG

*Ta tpoiovTa o€ TTOAAEC IEPMTWOELG Sev Slakpivovtatl amod autd tng KAaolkng BeAtiwong
*AUEAVOUV TNV ATTOTEAECHATIKOTNTA KAl TNV akpifela otn BeAtiwon

*MeyaAUTEPN YVWON KOL KATAVONON TwV LOLOTHTWV TOU TIOPOYOLLEVOU TEALKOU TIPOIOVTOC
*[lpocappoyn o€ eupl pacpa KaAAlepyelwv (cupmepAapuBavopevwy Twv devpwdwv, Twv
AQXOVLKWV K.A.TT.) KOl OAWV TwV EUMAEKOUEVWVY PopEWV (6Nuootol, OLwTKOoL, HLIKPOL,
LeyaAol)

ANNA

*Akopa n arodotikotnta Twv HEBOdWV elval XaunAn- amotovvial TEPLOCOTEPEC EPEVVEG
Kol BEATIWOELG

*AvayvwpLlon Kol Tpomornoinon B£oewv pLn-o0Ttoxwv

*OL SLaBoipec peBodol avayEvvnong Kal YEVETIKNG Tpomomoinong 6&v KaAUTTouv OAa
Ta €16

*Kootocg eyypadnic mokIALwV: Hkpo av dev katataxbouv ota T, aAAd TTOAU peyaio av
BewpnBolv IT



Emuttwoelc Kat vea {ntnuota yia culntnon

min O Evog oadnig Broroyikdg Staxwplopog
X , \ Hetaéu kKAaolkng BeAtiwong kat I'T
S 3 N = — elval duoblakpltog
[ , ,
Anuoupyeital pio dStafabuion
o B HeTady KAAOLKAG BeAtiwong ko I'T
(D O = ) |
''''''' S -.., Elval Oepa epunveilag kata mooov ot
o VEEC TEXVLKEC EUTLITTOUV OTN
3 vopoBeoia nmepi 'TO
A = 1 . - '
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NMPOZOXH: Epxovral Ta
VEA HETaAAaypEval

Néa peTaAAaypéva;
Euxapiotw, dev 8a mapw!

AnaitTnoe and Tov 'EAANvVa unoupyo KUpio
AnocTOAOU Kal Toug unoloinoug Eupwnaioug
unoupyouc, TNV NARPN EQPAPUOYH ICXUPOV
VOV MoU NPOCTATEUOUV TNV UYEIa Kai To
nepiBaAAov and Ta peTaAAaypéva Kai dev
nNapakaunTouV T vouoBecia yia Xapn Tou
KEPOOUC MOU UMOCXOVTal O HEYAAEG
NOAUEBVIKEC.

310X0G: 50.000 | Méxp! Twpa xouv UNOYpawel:

Apou einape EexaBapa "Oxi" oTa peTaAAayuéva otnv Eupmnn, ol
ETAIPEIEC AYPOXNUIK®OV ONwg n Monsanto "payeipetiouv” évav ailo Tpéno Email (*)

va Ta @épouv NaAl oTo MATo Pag: Ta véa petalAaypéva. Npoonabolv va
napakapwouyv Tn vopoBecia TnG Eupwnaikng 'EVWonG PE To EMIXEipnua oTi
ol VEOI QUTOI OPYAVIoWOi, NOU NapPAYoVTal PJE Hia NOIKIAIG VEWV TEXVIKMOYV,
oTNnV NpaypaTikoTnTa dev ival peTahhaypévol. Av ol ETAIPEIEG Ta
KaTageépouv, Ba kataAngouv cUvTopa oTa XwpAapia Kar oTa MiaTa pag,
XWPIig Kavévav EAeyxo ac@aAeiag r) onuavon. Xwpig va EXouuE nia
Kavévav TPOmno va Ta oTauaTrooupE. TNV NpaypaTnikoTnTa, oUTe nou Ba TnAépwvo
To E€poupe!

‘ 'Ovopa (*) ‘

EniBeTo (*)

'




