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O OaUpOGTOC KOOHOC TWV pUTWV

PLANT SPECIES CURRENTLY Statpodn KavoLpa
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MpokAnoelg tou 21° Awwva

Auénon tou mAnBuopou

Auéavopevn ékkAvon GHG
| glwon TNC BlomolkAoTNTOC
KAlpatikny aAAoy

AwaBsopotnta vepou

Aotkomoinon




EmiotAnn twv Qutwv kot MpokAnoelc tov 21°° Awwva

s  Etaoddiion tpodnc yia tnv kaAuPn tng taxvTATNG /
aVUENGNG TOU TTAYKOGHLOU avBpWTtvou TANBUGHOU sstass | .. .

\/

s AU&non TNC GUTIKAC Ttapaywyng umno ta dedopeva TG
KALLOTLKN G aAAQYNC LE MELWON TWV ELOPOWV OTN YEWpPYLA (KALLOTLKN
aAAayn- npootacia meptlBaillovtoc- BlomokiAotnta)

s  E¢aodalion emapkouC /KoL EVIOXUUEVNC TPOdNC yia Helwon
NG epdaviong Xpoviwv acBevelwv otov mAavntn (vyeia)

s AvAykn ylo tapaywyrn EVEPYELAC OO OLVAVEWOLEC TINYEC
(aewpoplia kat meptBaiiov)

\/

s Moapaywyn BLompoioviwv auvénUevng pooTlBEpeVNC atiog




H yewpyia givatl pia moykooplo « Blopnyxovio»

Blokavolpa

o Evioes




FOOD FEED FIBER FUEL FLOWERS FUN

http://www.keygene.com/
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2UYXWVELUON TNC EPELVOC LE TNV EdapUOYN

AvokaAuvyn Avarntuén/ Enideién Avantuén/ Edappoyn/
Anpovpyia E€¢anAwon

Crop science &%

e 2 Plant science




H yewpyia givatl pia moykooplo « Blopnyxovio»
MNapoywylkotntao uTwWV = OUVOULKO CUCTHHOTOC

o Aywync Twv putwyv
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NMwc avapeveTal va emiteuyBel avénon tng
dbutkng mapaywyng / Bropadac;

Me tnv avamntuén/énuiovpyia putwv nov

" glvoll avOekTka otnv Enpaoio ) o€ AAAEC
KOLTOTTOVI OELG

" QUITALLTOUV ALYOTEPEC ELOPOEC KAl VEPO
" gival avBeKkTka o€ toBoyova / exepouq

" givol Lo GpentLKa




BeAtiwon putwv

2TPOTNYLKEC TPOTIOTIOLNONC YOVLOLWUATWVY

e KAaown BeAtiwon
— Emloyn emBupntwy XopoKTNPLOTKWY (TANBUOoULOLKE YEVETLKN)

— Elooywyn VEwWV YoVvISLAKWV XOPOKTAP WV
* Texvoloyiec uBpldlopou
— AlaoTaUpoUHEVN ETILKOVIOON
— lotokaAALEpyeLa (cUVTNEN TPWTOTIAQLOTWV)

 Moplakn BeAtiwon

e Texvoloyiec petadopac DNA




Texvntn emtAoyn otnv owKoyEvela Brassicaceae
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O €peuvec Tou Mendel amotelouv
TNV EMAPXN TNG ETULOTAUNG TNG
VEVETLKNC Kol TNC BeAtiwong Twv
duTWV

MPAZINH ENANAZTAZH
(1940-1960)

Norman Borlaug

1914-2009,
Nobel Laureate
1970



http://www.worldfoodprize.org/borlaug/borlaug-history.htm

Avanrtuén nowktAtwv pultov katd tnv MNpaoivn emavactaon

ApPXLKEC TTOLKIALEC- TATPLIKA duTA

woo-gen (6e€La) kot

dee-geo-woo-gen (pet@AAaypa), To omolo eixe
NV sd1 petaAoaén

uUniversity of Thessaly



BeAtiwon putwv

* JTPOTNYIKEC TPOTOTIOLNONC YOVIOLWUATWVY

 Moplakn BeAtiwon

e Texvoloyiec petadopac DNA
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Anpovpyia OLKIALWV pUTLOU AVOEKTIKWVY OE KOTAKALON

- T '”"&A"» —
2 i ESE S
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Samba-Sub1 IR49830 (Sub1)

IR64

- IR42
IR49830 (Sub1)

Samba 9 .
IR49830 (Sub1)

IRG4
IR64-Subl

Samba-Sub1

- IR42
IR49830 (Sub1)

: IRG4-Sub1

Samba-Sub1

IR49830 (Sub1)

Julia Bailey-Serres et al, 2010, Rice Submergence Tolerant Rice: SUB1’s Journey from Landrace to Modern Cultivar
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e
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BeAtiwon dputwv

* JTPATNYLKEC TPOTIOTIOLNONG YOVLOLWUATWVY

* TexvoAoyiec petadopac DNA




Elcaywyn VEWV XopOaKTHPWV:
YriepfBaon Twv avanapaywyltkwv Gpoyrwv

TexvoAoyia Avacuvduacpévou DNA Kot YEVETIK HNXOVLIKN

Plasmid

Gene Cloning
by Bacteria

E. coli Y
M -Gene of

S
S interest

Base pairing and Sticky ends

DNA ligase I

Recombinant plasmido

. i Transformation

Bacterial
reproduction

Bacterial clone carrying copies of the foreign gene




H texvoloyia avacuvéuacpsvouv DNA
kot BeAtiwon putwyv

Wild Relative Crop Plant Wild Relative Crop Plant

\ I
\N 7/

Conventional Breeding

Genetic Engineering




H texvoloyia avacuvéuacpevou DNA
kot BeAtiwon dputwyv

 Mmopel va epappooBel o OAa ta €ldn putwv

e Emutpemnel tnv apeon petadopa LEPOVWLEVWV
emlBupnTwyv yovidiwv

e Anoutel pla pebodo petadopac Twv yovidiwyv ota
duTKA KUTTOPA

* Anoutel kUTTOpPO IOV B pmopouv va

eTtavadNLOUPYNOOUV Eva OAOKANPO UTO aro
LLEUOVWMUEVA YEVETLKWC TPOTIOTIOLNMEVA KUTTAPOL




Agrobacterium tumefaciens

e  Gram-apvnTtiko BaktripLo tng ploodatpac

e maBoyovo: urtevBuvVo yla TNV aoBEvela Tou ‘Kopwvotol KAAAou’ , n omola eéaptatal
armo tnv napoucia tou Ti (tumour-inducing) mAaouidiov oto A. tumefaciens,

copyright: IFFF (BOKU)

[ == Department
Z i]\ of Blochemistry &
B& B Biotechnology
\ — uUniversity of Thessaly




H BloAoyia tou A. tumefaciens

e To A. tumefaciens
TPEdETAL MUE
EKKPLVOMEVEC OUCLEC
¢ piloc Tou putou

® LOAUVEL HECW
TPOUHATIOUEVWV LOTWV
tou ¢putou:

www-genvaagar.slu.se/teknik/ djup/plasm.htm

To pakTnpiakd Ti wAaopidio

A Tapdyel Kal UtodoxXeic yia
/b AUTEC TIC EVWOEIC KAl TO
PakTnpio KiveiTai

XNHEIOTAKTIKA TPOG AUTEC

COCH,

F

N
CHO OCH,
OH



http://www-genvagar.slu.se/teknik/djup/plasm.htm

T-DNA
TTEPIOXN

KUTOKIVivVN

gTaywyng

"/ kataBoAioudg

OTTIVWV
Meploxng
TOgIKOTNTOG -Vir
0éon Evapéng
TNG AVTIYPA®PNG

fovenioTiiio SeovaAle.



H BloAoyia tou A. tumefaciens
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Bacterial
Selectable
marker
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Transformation

- Agrobacterium
.~ tumefaciens

%\ca.wm oNA
\

>

Gene to be
transferred

Recombinant

plasmid / > : .. .'\
Plant cell /<‘. y :/

coloniga Transformed bacteria

introduce plasmids into
plant cells.

. TS

Inside plant cell,
Agrobacterium
inserts part of its
DNA into host
cell
chromosome.

\

Complete plant
generated from
transformed cell.




ZuoTtatikol mpoaywyeic ota dtayovidiaka puta

npokaBopilouv TNV £kppacn Tou yovidiou og 6Aouc oxeSOV TOUC LOTOUC OE TTAPATIANOL
entineda aveéaptnta ano avamtuélakouc Kal TEPLBAANOVTIKOUC TIAPAYOVTEC

Mapadeiyuata

35S amno CaMV (16¢ tou pwoaikol Tou Kamvou): WOavikog yla tTnv Ekbpacn Twv yovidiwv
eTLAOYN G Kal avadopdg

nos (ouvdaon tnc vortadivng), ocs (cuvBaon tn¢ oktormivnc), mas amnod Agrobacterium

ubiquitin I (xaAoumoki) / actin (pUTL) yLot LOVOKOTUAQL

PupBiuopevol katd cuvOnKn mMPoaywyeig

‘/ lotosldkol
‘/ Emaywpevol

‘/Avantuilakoi RN —



Metapopdpwon putwv pEcw tov Agrobacterium

KAwvoroinon tou yovidiou (A THLAMATOG Tou) otn moAuduvapun 6€on
kKAwvormoinong tou kataAAnAou dopea

Eloaywyn tou yovidiou o€ éva katadAAnAo otéAexoc Agrobacterium tumefaciens

2 UV-KOAALEPYELOL TOU TPOTIOTIOLNEVOU YEVETIKA A. tumefaciens e Ta KATAAANAQ
eékputa puTWV ATO Ta oTtoila Umopet va mpoEABouv oAoKkAnpa putd

KaAALEpyeLa EKHUTOU, APXLKWE OTNV TIOLPOUCLA KATIOLOU BaKTNPLOCTATIKOU
niapAyovIa tou mapeUnodilel tnv avarmntuén touv Agrobacterium aAAd OXL TwV
dUTIKWV KUTTAPWV (T1.X. cefotaxime) kat og mapdyovta eMAOYNAC YLa TNV EMIAOYA
TWV HETOUUOPPWHEVWV GUTIKWV KUTTAPWV/ TUNUATWV

ErtiAoyn Twv avayevwnUEVWY GuTWV yLa TV Ekbpaon Twv SEKTWV MIAOYNAC N
avadopac

Avamtuén Twv amoyovwy TwV HETAUOPPWHEVWY GUTWV Kol KABOPLOUOC TNG
KANPOVOULKOTNTAC TOU eLoaxBEvtoc yovidiou S

v 2.709€p0C HETATXNHATIONOC PUTWV M







BouBapdiopoc cwpatidiwv

(BloAloTtikn, BopPapdlopoc mpoefoxwy, EMITAXUVTAG CWHATIOLWY, YyovidLako
OTtAO, OTIAO cwHATISlWV)
Xpnon EMITOXUVOUEVWY PE HEYAAN TaXUTNTA OWHATO LWV —TtpoeéoxwV (armo xpuoo
N BoAdpapo) ota onoia cuvdeetal to DNA ntpog petadopd €10l WOTE va
SLamepvwvToL ol EEWTEPLKEC KUTTUPLKEC OTOLRASEC 1 TOL KUTTAPLKA TOLXWHLOTOL KOl
va eloépxetat to DNA oto kUtTapo

1l

Firing pin

Gunpowder
cartridge

Projectile

DNA-coated
pellets

Vent

Stopping plate ;LL

Target cells

‘ Figure 15.3
| DNA Particle Gun. The DNA particle gun, developed by John C. Sanford of Cornell University, fires tungsten
| pellets coated with DNA into plant cells. The pellets are held by a plastic microprojectile, which is accelerated

[‘ by a gunpowder charge. The plate stops the microprojectile; momentum sends the DNA-coated pellets into the

Deparomnent
of Bliochemisty &
Biotechnology

University of Thessaly




BloAlotikn

O

Jwpatidia xpuoou
ETUKOAUUHEVOL UE
DNA

Kuttapiko tolywpa /.

[ —= Departumnent
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\ = University of Thessaly



Metapopdwon YAwponAactwy

Hager et al, 1999

Scm

ArtadoLdr Twv YOVISLWUATWY AYPLOU-TUTIOU KoL

h-—-—-d ] 1 7 7
Additional rounds of selaction gykaOLOpuon YEVETIKNC TpoTtomnoinong o€ KAOe
and regeneration

| avtiypado tou YAwpormAaoTikoU YoVISLWUATOC O
o KABe GUTIKO KUTTOPO :
l' l OpotonAaopia (homoplasmy)
“

Shoot proliferation and rooting

4 [ ‘ Xy Departoment
& j\ of Biochemistry &
.
N L .

Thessaly



Napaywyn dtayovidiakwv putwv eEAsUOEpwWV amo yovidia
emiloync - clean gene technology

Xphon katdAAnAwv TTAaopidiakwy gopEéwy, ol 0Troiol

1. @épouv yovidia emIAOYAC XWpiC eTIKiVOUVEC PloAoyIKEC dpAOTIKOTNTEC

.X. gfp, ipt
2. emTpETOUV Thy £€vBean Tou Evou yovidiou Kal Tou yovidiou eTIAOYAC O€
OIdPOPETIKEC TTEPIOXEC TOU YOVIOIWHATOC TOU YUTOU, HN oUVOEDEUEVEC

peTall Toug t%{>
MeveTIKA avdAuon Twy dmoyovwy yid Thv dvayvwpion Twy emOuunTwy pUTWY

3. auédvouv Tn ouxvoTNTA TWV AvaouvludopWwyY pe atroTéAeopa Thv e€aywyn
ToU yovidiou eTIAOYAC

4. emtpémouv TRV e€aywyn Tou yovidiou €TTIAOYAC ATIO TO GUTIKO yovidiwpa e
XPAON ouoTNHATWY peKopTIVAong He e€e1dikeuan B€anc

__




2uvOetikeC NoukAeaoeg yia Movidtwpatikn Mnyovikn

Zinc-finger nucleases (ZFNs)

~9nt ~9nt

(4 CRISPR/Cas9

PAM motif

P
VAN ,\ VAR N\, \\
"

Cas9

i I i -3
~15nt ~15nt sgRNA
i ]

20 nt
(+ PAM motif)

EvowpAtTwon He akpifeia OEong tov emBupntou
VEVETLKOU UALKOU o€ MOAU KaBopLopEveg OEoelc pEoa
oto yovidiwpa (genome editing)




Awoyovidiaka Quta oto EUnopLo

Figure: The pipeline of GM crops from early R&D to commercialization

Earlier R&D Regulatory Commercial

stages pipeline GM crops !




Awayovidiaka Quta pe BeAttwpéva AypovouLKa
XopaKTnPLOTIKA

‘/AVGEKTLKémta o€ (WavioKTova
‘/AVGEKTLKémta o€ éviopa
‘/AVGEKTLKémta o€ aoBevelec (Baktnpla, LUKNTEC, LoL)

Avtoxn o€ TePIPANNOVILKEC KOTATIOVHOELC

Figure: The pipeline of GM crops from early R&D to commercialization

Commercial
GM crops !
[ D ent
of B Il

Earlier R&D Regulatory
stages pipeline

“Other”
GM crops




The 4 Maijor Biotech Crops in 2012 are Soybean, Cotton, Maize and Canola.

COTTON
grown in 11 countries grown in 15 countries grown in 17 countries grown in 4 countries
81% of global planting 81% of global planting 35% of global planting 30% of global planting

For more information, visit ISAAA website: http://www.isaaa.org
Source: James, Clive. 2012. Global Status of Commercialized Biotech/GM Crops: 2012. ISAAA Brief No. 44.

f 15dda.org B @isaaa_org Tuhe isaaavideos




Global Status of Commercialized Biotech/GM Crops in 2012

1 7fg]ril111ig?s

in 28 countries planted
million hectares
170 of biotech crops

For the first time, developing countries grew more biotech crops than industrial
countries.

For more information, visit ISAAA website: http://www.isaaa.org
Source: James, Clive. 2012. Global Status of Commercialized Biotech/GM Crops: 2012. ISAAA Brief No. 44.

. s . You,
f isaaa.org B @isaaa org  T,he isaaavideos




For the first time, developing countries grew more biotech crops than industrial

countries.

180

140

88.5

100 million kectares

Braxd Boitvia INDUSTRIAL
Arpenting  Philippines COUNTRIES
Indla Burkina Faso
\ Chima  Myanmar USA Portusal

8.8

i hectases Paraguay  Mexico Cimada  Czech Rep

South Alrica Crlle Ausbalis  Fomania

20 \ Palistan  Colombla Spaln Sereada
A Unssiay  Honduras
: Sudan
1996 1998 2000 2002 2004 2006 2008 2010 2012 Caba

N Egypt
== Tota] Hectarage  wem Industrial Countries wem Developing Countriss iy, Csta ks

For more information, visit ISAAA website: http://www.isaaa.org
Source: James, Clive. 2012. Global Status of Commercialized Biotech/GM Crops: 2012. ISAAA Brief No. 44.
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\/AvesKuKérnta o€ (WavioKTova

fovenioTiiio SeovaAle.



1.

ZTPOATNYLKEG

Artotoéikomnoinon {{avIioKTOVoU PE eloaywyn yovidiwyv Baktnplakng (kupiwc)
N GUTLKNG TIPOEAELONC

arapaltnTtec LOLOTNTEC YOVIOLWV

4.

amnoAutn e&eldikevon

HOVOVOVLS LAKOG XAPAKINPAG Aegv gival anapaitnto va yvwpilovpe
va PNV arattel moAUTIAOKO GUVEVIU UL oV TpéTIo Spdiong

Ko} VU LK KLVNTLKA

armouoia ToELKOTNTAC TOU TTPOLOVTOC avtidpaong

Yrieprmopaywyn tnS $uoLoAoyLKNC, KLN-TPOTIOTIOLNLEVNC TIPWTEIVNC-0TOXOU

Tpormormnoinon tTNE MPWTEIVNG-0TOXOU

yvwotn n Bloxnuikn 6€on dpaong

SuvaTtoTNTA OTN LOPLOKA KNXOVLKA Tpomonoinong?
EVTOTILOMOC O€ UTTOKUTTAPLKA Slapeplopata
noAupepn evivpa

Evioxvon tnc amotoilkomoinong amo evOoyeVvel LNXOVIOUOUC TOU d)uroummmm

(kutoxpwpuoa P450, petadepaon S tng yloutaBelovne, GST) M



AvOektikotnta oto glufosinate
(phoshinopthricin)- BASTA

H.C /O HC
/
P e bar / pat OH
"o \%

O pepttdase
acetyltransferase H C
NH,
_ Phosphlnothrlcm O
Blalaphos i N-acetylphosphinothricin
(glufosinate)
competftfve
mh:bmon
L-glutamate L-glutamine
otpatnywkn 1: etlcaywyn yovidiwv amotolkonoinong qovenvaThiio Seooailg,

BoakTnpLakng mMpoEAELONG M



BlooUVOEC QP WHUATIKWV AUVOEEWV POGEOPIKT] €pLOPON  POGPOEVOATVPOGTAPVAIKO 05D

v
T
GIKIUIKO

v
v

Shikimate 3-phosphate ’

glyphosate | | l EPSP cuvOdon

5 eVOATUPOGTAPVAGIKIL —3-POCPOPIKO

|

Chorismate
Anthranilate Prephenate
¢ Arogenate

SVZON

Tryptophan Tyrosine Phenylalanine




AvOektikotnta o€ {LlaviokTova

Roundup Ready Soybeans

\;”d”i

Traditional Soybeans

Bol gard

with
Roundup Ready*
Cotton

_ _ |

Deparomnent
of Blochemistr
i



AvVOEKTIKOTNTO GE EVTOUQ

glooywyn yovidiwv Baktnplokng mpoEAeLong
B. thuringiensis:

cry yovidla - insecticidal crystal protein
(ICP/ Cry/ Bt/ d-evdotogivn)




AvOeKTIKOTNTA OE LOUC

= Me untepekdppaon twv CP (coat protein) oe dtayovidlaka putad
= Anti-sense RNA/ Ribozymes

= Gene silencing




Alayovidiaka puta 2nc YEVLAC

SVO0WPEVUEVA XAPAKTNPIOTIKA AVOEKTIKOTNTAC
oe QavioKTOva KAl EvToua

- SmartStax™ apafoortog (MON 89034 x TC1507 x MON 88017x DAS-59122-7)
- RReady2Yield™ ooyw

E&dAenyn yovidiwy emioync (avBektikotntag oe
avTiPlotika)

“EOvica” mpoiovia

I1.x. Bt Huahui-1 xau Bt Shanyou Shanyou-63 pvQ1, Huazhong Agricultural
University, Kiwva
Bt Baupaxt kau Bt brinjal (eggplant) , IvSia




2toxol tn¢ Brotexvoloyiac putwv ocnpeEpa
“food, feed, fiber”

duta pe avhekTIKOTNTA 0€ AP1OTIKES KATATTOVIOELG:
Enpaota / aratotnta / eAAenpn OpenTIKWV OTOIKEIWY —
KUPplwG N / P

dvuta pe avbektikotnTa 0 aobeveleg

~ Brokavoa

dvtoamoppumavor/ PuToATOKATACTAOT)

ITepiarrov kal Aew@opikn 'empyla




H aAAayn €vog kat Lovo yovidilou auéavel Tnv avtoxn
otnv énpooia

Drought-resistant

Wild-type cmmuﬂmm m&im

Well-watered 10 days drought 20 days drought After re-watering
(Y ]

Yu, H., Chen, X., Hong, Y.-Y., Wang, Y., Xu, P, Ke, S.-D., Liu, H.-Y., Zhu, J.-K., Oliver, D.J., Xiang, C.-B. (2008)
Activated expression of an Arabidopsis HD-START protein confers drought tolerance with improved root system and reduced
stomatal density. Plant Cell 20:1134-1151.

Deparomnent
of Blochemistry &


http://www.plantcell.org/cgi/content/abstract/20/4/1134

Gene for Proof Development

drought of concept in crop
ongoing

tolerance
identified

Crop e.g. corn

N.x. DroughtGard™Hybrids system Monsanto, 2013
ywa kaAAtépyela o U.S.A. Western Corn Belt

Figure: The pipeline of GM crops from early R&D to commercialization

Commercial
GM crops
IKOth erl‘
GM crops
Deparomnent

i |
of Bliochemisty &
y Biorechnology
\ University of Thessaly

Earier R&D Advanced Regulatory
stages R&D pipeline




Figure: The pipeline of GM crops from early R&D to commercialization

Earier R&D Advanced Regulatory Commercial Commercial
stages R&D pipeline pipeline GM crops

Com jlalin Com lal Regulatury Advapred
Trait category? m plm pipeline developmert Total by 20150
Insect resistance ! 21 \ !2 11 25 59
Herbicide tolerance 11 5 4 13 33
Product quality® 2 1 b 12 20
Virus resistance 5 0 2 3 10
Abiotic stress tolerance 0 0 1 6 7
Other \ 0 } \D / 2 11 13

\V

ApaBoéoiTog, TrepieXONEVO O€ Auoivn

‘Apaﬁéonog, avOeKTIKOTNTA O€ {npacia (cspB, Bacillus subtilis)

-Pull, avOekTIKOTNTO O€ NUKNTEGS / 10UG / Enpaoia/ aAaToTnTa
-ApafooitTog, apuAdon/ eutaon
-MaTtara, apuAoTTnKTivry/ PYV avBekTIKOTNTO

-2oylia, TpotroTroinMéEva AItrapa (EAAIKO / OTEAPIOOVIKO — w-3-)
AVOEKTIKOTNTA OE VIHATWOEIG

-MaTata avleKTIKOTNTA O€ HUKNTEG/ TPOTTOTTOINMEVO GMUAO
-Golden Rice




Figure: The pipeline of GM crops from early R&D to commercialization

Earier R&D Advanced Regulatory Commercial Commercial
stages R&D pipeline pipeline GM crops

Com jlalin Com lal Regulatury Advapred
Trait category? m plm pipeline developmert Total by 20150
Insect resistance ! 21 \ !2 11 25 59
Herbicide tolerance 11 5 4 13 33
Product quality® 2 1 b 12 20
Virus resistance 5 0 2 3 10
Abiotic stress tolerance 0 0 1 6 7
Other \ 0 } \D / 2 11 13

\V

ApaBoéoiTog, TrepieXONEVO O€ Auoivn

ApaBooitog, avBekTIKOTNTA 0 Enpacia (cspB, Bacillus subtilis)

-Pull, avOekTIKOTNTO O€ NUKNTEGS / 10UG / Enpaoia/ aAaToTnTa
-ApafooitTog, apuAdon/ eutaon
-MaTtara, apuAoTTnKTivry/ PYV avBekTIKOTNTO

-2oyid, TPOTTOTToINMEVA AITTapa (EAAIKO / OTEAPIOOVIKO — W-3-)
AVOEKTIKOTNTA OE VIHATWOEIG

-Matata avOeKTIKOTNTA C€ HUKNTEG/ TPOTTOTTOINMEVO GAMUAO
-Golden Rice




KUuTTOopIKd TOIXWHOTO TWV
(PUTIKWV KUTTAPWV

ArtoteloUvtal KUpilwe amo vdatdvOpaKkeg Kal
TIPWTELVEC.

Middle {
Lamella

|

Cellulose
Microfibril
Primary
Cell Wall =
Plasma [~ = Hemicellulose ) ) T
Membranef[ To SEUTEPOYEVEC TolxWHA

Soluble nepltAapBavel Ayvivn

Protein ) credit: www.whpclipart.com/plants; Zhong, R., et al., (2008) Plant Cell 20:2763-2782 .



http://www.wpclipart.com/plants
http://www.plantcell.org/cgi/content/full/20/10/2763

To ¢UAo atroTeAei Bacikn TTPWTN UAN ME TTOAAATTAEG
XPNOEIS

‘Evduon

KaTtaokeuég Kal
ETTITTAQ

Rembrandt van Rijn (1631)

Tveg kavvapng
Kal Aivapil




MowtAiec BapBakiol emAEyovTal GE TTPOYPOLLLOTOL Photo it Chen Lt IEPC
BeAtiwong yia avOektikotnta o€ XOpouc Kat KaAUTEPN
nowotnta ivag
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http://cottongenomics.biosci.utexas.edu/
http://www.cottonpromotion.org/
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Engineering edible cottonseed




Florigene Moonshadow™ Florigene Moonvista'™




Biokauoipa- AiIBavoAn

Aladdopa cakyoapa Kot
KuTtapivn urnopouv va
~ {nuwBouv mpog

. Tiopaywyr) aBavoAng

Microbes ferment
sugars to ethanol,
which is then
separated from the
mix of ethanol,
water, microbes,
and residue and
purified through
distillation.

Image source: Genome Management Information System, Oak Ridge National Laboratory



http://genomicsgtl.energy.gov/biofuels/placemat.shtml

Blokavoipo-BrovtileA

Nopaywyn PLovtileA oo EAALOKOULKA puUTA
(ooyta, eAaokpappn, aiyec)

Aty

P

4
ey Y

JJJ"!

I

R

-

=
-
=

. <

VMMM R PN

A b b s o Y e



http://de.wikipedia.org/wiki/Benutzer:TiHa
http://biorefining.cfans.umn.edu/
http://extension.agron.iastate.edu/soybean/images/gstage_images/V1.jpg
http://en.wikipedia.org/wiki/File:Brassica_napus_2.jpg

Miscanthus giganteus:
EVOL EVEPYELALKO PUTO TTOU
avamntuostal taxutoto
Kol KAAALEpYELTOL O€
ebadn akataAAnAa yla
dUTA-TIOPAYWYELG
TPodNg

Photo Illustration courtesy S. Long Lab, University of Illinois, 2006




Ano tnv napaywyn BLoKaUoipwy pmopouv va mapayxbouv Kat moAAd
AaAAa tpoiovta avénUevng NTPooTOEUEVNC aglog

(ne Tnv nepiooeia tn¢ Bropalac ty aélomoinon Atyvivng)

Primary Product

‘Value Added’ Products

[ Xy Departoment
Z ij\ of Blochemistry &
B&E 8



H Aittavon gival pia evepyofopa TTPAKTIKA

* Ta. KaAALEpyoU pEVA duTA
xpelalovtol Altravon- KAALo,
dwodopo, alwto Kol AN BpeMTIKA
oToLXEl

* To kAALo Kot 0 pwodopoc eival pn
QVOLVEWOLUOL

*H oUvBeon Twv alwToLXWV
ALTOloHATWV €lval evepyofopa

Photo credits: Mining Top News; Library of Congress, Prints & Photographs Division, FSA-OWI Collection, LC-USW361-374



http://www.miningtopnews.com/rio-tinto-reaches-agreement-to-sell-potash-assets-and-brazilian-iron-ore-operation.html
http://hdl.loc.gov/loc.pnp/fsac.1a35070
http://hdl.loc.gov/loc.pnp/fsac.1a35070

H npooAnyn Opentikwv oo e8kou¢ petadopeic pnopset va BeAtiwOei

= = symplastic NHg* rhizo co endo peric Xxyl

apoplastic NH4*

Casparian strip

...lLE TILO OLTLOSOTLKA CUOTALOTOL
pnetapopag

[ = Oeparumnent
y & il\ of Blochemistry &
Bi& B‘ Biortechnology
\ e uUniversity o I Thessaly




OL avayKec tou $puTtoU UTIO TLG
Stadopec ouvOrkec mepPAAAOVTOC
LrtopoUv va kataypadovTtal Kal va
ylvetal avaAoyn mpocappoyn otn
Slaxeiplon Twv KAAALEPYELWV




...lLE TN XpRoN vavo-BrotexvoAoyiog

https://www.youtube.com/watch?v=Ydbka6 HPZ0

uf Biochemistry &
B & B Biotechnology
| University of Thessaly


https://www.youtube.com/watch?v=Ydbka6_HPZ0

The incorporation of synthetic nanoparticles into plants
can enhance photosynthesis and transform leaves into
biochemical sensors

nanotechnology can be coupled with synthetic biology to modify and enhance the
function of living organisms

m&%ﬁ 3%“%;‘“‘%

%‘%‘%‘“ﬁ %%%

lipid exchange envelope
penetration

o s )
s i b )

i

Plant nanobionics approach to augment photosynthesis and biochemical
SenS|ng Nature Materials 13, 400-408 (2014) doi:10.1038/nmat3890

uf Biochemistry &
=3 & B Biotechnology
| University of Thessaly




Plant nanobionics: one of the ten amazing tech innovations
of 2014 according to the International Business Times
March 10th, 2015

— INTERNATIONAL BUSINESS TIMES

m/“m}be 11 New Communities in So. Cal. |
BN From the £310s - 38755 emr.nsens |

10 amazing tech innovations in 2014: invisibility cloaks, smart lenses
and mind readers

e By Anthony Cuthbertson m m m a

t.b December 10, 2014 10:07 GMT



2TO)XOL TNC Brotexvoloyiac putwv onpepa
“food, feed, fiber”

] duta pe PeATIOUEVA YAPAKTNPLOTIKA TTOL0TNTOC

(BroepmAovtiouog oe Prrauiveg, oloNpo k.a.)

) DuTa pe PeATiwpEVA XAPAKTNPLOTIKA ATtOS00TG

TPOITOTTON o1 HeETAPOoAIoUOV




H kakn étatpodn kat n EAAewWpn tpodnc: Eva
TTOYKOG L0 TIPOBANUaL

In 2004, 60 million people worldwide died
- 10 million of them were children under 5 years of age,
of which 99% lived in low- or middle-income countries
5 million children under the age of 5 die each year due to undernutrition

and related causes. That’s one preschool-aged child dying a preventable

death every six seconds.
A lack of adequate vitamin A kills one million children a year




.....Kat N AAAN 6PN TOU VORIGOTOC

“ HAS(BAMASOLDWTTOTHEBANKS?

Zoé Harcombe

BA. MA (Cantab)

Blo /l/
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Cassava: n Baocikin Tpo@n otnv AQPIKA €ival
PTWYN € OPETTTIKA CUCTATIKA

MolKAlo EVPEWC
KOAALEPYOULEVN

NEa TTOLKIALAL YE

aUENUEVN TTOPAYWYN
Brtapivng A

Welsch, R., Arango, J., Bar, C., Salazar, B., Al-Babili, S., Beltran, J., Chavarriaga, P., Ceballos, H., Tohme, J., and Beyer, P. Provitamin A accumulation in
cassava (Manihot esculenta) roots driven by a single nucleotide polymorphism in a phytoene synthase gene. Plant Cell:_tpc.110.077560.

: 4-‘
w v e



http://dx.doi.org/doi:10.1105/tpc.110.077560

EMIMAOUTIONOC ME YEVETLKN TPOMOTOLNoN

PUOQL pe avénuévn

OUYKEVTPWON ' '
ol8rpou NToparteg pe augnpevn
OUYKEVTPWON
QLVTLOEELO WTLKWV
Golden Rice § '
avOokvavivwv

Photo credits: Golden Rice Humanitarian Board © 2007; Credit: ETH Zurich / Christof Sautter; Butelli, E., et al., Nature

Biotechnology 26, 1301 - 1308 copyright (2008).

[ Deparunent
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http://www.swissinfo.ch/eng/science_technology/Scientists_unveil_iron_enriched_super_rice.html?siteSect=511&sid=11020125&rss=true&ty=st
http://www.goldenrice.org/
http://www.swissinfo.ch/eng/science_technology/Scientists_unveil_iron_enriched_super_rice.html?siteSect=511&sid=11020125&rss=true&ty=st
http://www.nature.com/nbt/journal/v26/n11/abs/nbt.1506.html

= 25 mg/g B-carotene

+EUTTAOVTIONOG O
Brrauivn E kot oiénpo

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Daffodil \ Bacterial Daffodil
phytoene carotene lycopene
synthase desaturase B-cyclase
gene (psy) gene (crtl) gene (lcy)
Genes introduced
into rice genome w Y y

Expression
in endosperm Y

Phytoene Carotene B-Cyclase
synthase desaturase

GGPP ——— > Phytoene —— > Lycopene —————> [-Carotene
(Provitamin A)
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5 uUniversity of Thessaly




AU¢non 169X otnv mocotnta O-
Kapoteviov, 6X aokopBLKkov o€Ec
kot 2X poAkoU o&€oc

Méow omovOuAwTn ¢ petadopag DNA

myo-lnositol
oxidase

L-Gulonate —» L-GulL

l Lycopenefcyclase

M\_H
P

D-Nean

L4
GDP-D-Man

-

el W

GDP-L-Gul GDP-L-Gal

v v

L-GukP

¥ v

myo-inasiol —» D-Glucuronaie L-Gul L-Gal

W

LG uumm% 4
L-Ascorbate

Ascorbate

v oxidase

Monodehydroascorate

W
Dehydroascorbate

f— HMDHP {J

Phytoane

Ccaniens

CRTI

Lycopene N/

GDP-L-Gul

v

L-Gal-P UDP-D-galacturonate

D-galacturonaie

L-GalL <— L-Galaconate

Dehydroascorbate
reductase

HMOHP
e T
DHM «<—> DHN

DHN-F

t

DHN-FFF

T GCHI
G

Navqi et al, PNAS, 2009




MNapaywyn w -3 Kot w-6 Atmapwv ofEwv o€ dtayovidLakd puta

/ Consumers

V Y
—-— (;-'.‘f.\ -«;'\ 4._{: :
) J w ot o
Fith | Foax At GM plants

Genetic
Engineering

o
HTR
1

K . Feed Mlcroalgae and
Krill other microorganisms

Current Opinion in Biotechnology

C20:5 eicosapentaenoic acid (EPA) and C22:6

docohexaenoic acid (DHA)
Sustainable omega-3 production Adarme-Vega, Thomas-Hall and Schenk




Figure: The pipeline of GM crops from early R&D to commercialization

Earier R&D Advanced Regulatory Commercial Commercial
stages R&D pipeline pipeline GM crops

Com jlalin Com lal Regulatury Advapred
Trait category? m plm pipeline developmert Total by 20150
Insect resistance ! 21 \ !2 11 25 59
Herbicide tolerance 11 5 4 13 33
Product quality® 2 1 b 12 20
Virus resistance 5 0 2 3 10
Abiotic stress tolerance 0 0 1 6 7
Other \ 0 } \D / 2 11 13

\V

‘ ApaBoéoiTog, TrepieXONEVO O€ Auoivn

ApaBooitog, avBekTIKOTNTA 0 Enpacia (cspB, Bacillus subtilis)

-Pull, avOekTIKOTNTO O€ HUKNTEG / 100G / Enpacia/ aAaToTnTa
-Apafoéoitog, apuAdon/ eutdon
-Mardara, apuAotrnKTivny/ PYV avOeKTIKOTNTA

-2oylida, TpotroTroinMEVA AITrapa (EAAIKO / OTEAPIOOVIKO — w-3-)
AVOEKTIKOTNTA OE VIHATWOEIG

-Matata avleKTIKOTNTA € MUKNTEG/ TPOTTOTTOINMEVO GMUAO
-Golden Rice
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Duoka mpoiovta- eEELOLKEVEVOL
HeETABOALTEC TWV PUTWV




TepmeviaL

CH, CHs

H3C CH,

Linalool

Pinene Eucalyptol

Image sources: Calvero; Wilhelm Thomé; Forest & Kim Starr; Karan A. Rawlins, University of Georgia

[ Oeparumnent
of Bliochemisty &
Biotechnology

\ University of Thessaly



https://commons.wikimedia.org/wiki/File:Terpenoids_assorted.svg
http://en.wikipedia.org/wiki/File:Illustration_Pinus_sylvestris0_new.jpg
http://www.forestryimages.org/browse/detail.cfm?imgnum=5416742
http://www.forestryimages.org/browse/detail.cfm?imgnum=5428643




Paclitaxel


http://upload.wikimedia.org/wikipedia/commons/4/48/PacificYew_8544.jpg
http://en.wikipedia.org/wiki/Image:English_Yew_600.jpg
http://en.wikipedia.org/wiki/Image:English_Yew_close_250.jpg
http://en.wikipedia.org/wiki/Image:Docetaxel.svg

DaivoAikéG evwoelg: Aaovosidn,
avBoKUaVivEG, TOVIVES KTA

‘\/ OH
<l
HO 0 A
" OH
OH )\ ; :DH
o]
OH . .
OH Tannins Found in tea,

Epigallocatechin gallate wine, nuts and many
iEGCG), a flavonoid from green plants
ea

40 OH
DW “‘D
OH

! I
CH, 0 CH,4

Genistein an
isoflavonoid from
soy beans

Curcumin from the spice turmeric



http://www.brightestyoungthings.com/

Coffee beans

O (@) COOH
=~ HO OH
OH
OH
OH

Chlorogenic acid

CHO
5

Cinnamaldehyde

0 (CHy),,CH3
OH
n=4,6,8
OCH,4

OH

Cinnamon bark

Ginger rhizome

Gingerols

Cloves

OH

R H Chavicol
R=0OCH; Eugenol

<o =
O:’;j/\/
R
R - H Safrole
R =0OCH; Myristicin

Orchid

CH,CH,OH

Phenylethyl alcohol

Deparomnent
of Blochemistry &
Biotechnology

University of Thessaly



Red and black peppers

O
H3CO
3 N)J\ R .
! Vanilla
HO
R= /\/\)\ CHO
Nordihydrocapsaicin
R= "~
Capsaicin
o OCH,
<O = N: > OH
o Piperine Vanillin
R
Green tea
OH
HO h
OH
™OH
OH
R=H (-)-Epicatechin
R=O0OH (-)-Epigallocatechin
fovenioTiiio SeovaAle.

of Blochemistry &
Biuoortechnology
| University of Thessaly



AAKaAoe£10n

o
o)
&Y
Catharanthus Coffee XN N\CH
OH roseus HiC ¢ ’

Caffeine

Morphine

Nicotiana tabacum Papaver somniferum

Deparomnent
of Blochemistry &

Biuoortechnology
University of Thessaly



Cinchona: TTapaywyn Kivivnc otov Kopuo -
KatatroAéunon Plasmodium

]

Image credits: Kohler; CDC



http://en.wikipedia.org/wiki/File:Koeh-179.jpg
http://www.cdc.gov/malaria/history/index.htm

Artemisia annua: TrTapAyEl OPTEMUICIVH, EVA ATTOTEAECHATIKO TPITEPTTEVIO
YIO TNV KATATTOAEUNON TG EAOVOoaiag

Artemisia Artemisinin

H

200 -

M Production ;
150 - == Demand* .. ..

OL amattnoeLg yla W00 Jrepreemiree e

aptepLolvn Eemepvouv TNV
TPy Wyn 0

Tonnes of
artemisinin

GO Anion s nibe vneny i nes

2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015

*One tonne gives about two million doses of artemisinin-based combination therapy.



http://www.anamed.net/
http://www.nature.com/news/2010/100803/full/466672a.html

A1Gd@QOpPEC TTPOOEYYIOEIC YIa TNV auénon ™g

TTOPAYWYAS APTEMITIVNG

Fevetikn BeAtiwon
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t ERGT0

Acetoacetyl-CoA ADS
* ERG13 »
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HMG-CoA
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Mevalonate

‘ ERG12
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‘ ERGS
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l ERGT9

i1
IPP €= DMAPP
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GPP

1 ERG20

FPP
Met —l | erg9::Pyrs-ERGY

Amorpha-4,11-diene
15

2 H:
3 ST
4 1 s

SH n

13
lCYP?MV!/CPR

i

l CYP71AV1/CPR

‘ CYP71AV1/CPR

Artemisinic acid

o

Squglene
ERG1,7,11,24,25,6,2,3,5,4

v

Ergosterol

HuwouvOetiki

nopoaywyn: Ekppaon twy
dutikwv yovidiwv o€
YVEVETLKA TPOTIOTIOLLEVAL

kutTapo JUMNG

Reprinted from Graham, I.A., et al. and Bowles, D. (2010). The genetic map of Artemisia annua L. identifies loci affecting yield of the antimalarial drug artemisinin. Science. 327: 328-331 with permission from AAAS; Reprinted
by permission from Macmillan Publishers Ltd from Ro, D.-Ket al and Keasling, J.D. (2006). Production of the antimalarial drug precursor artemisinic acid in engineered yeast. Nature. 440: 940-943; see also Westfall, P.J. etal .
and Paddon, C.J. (2012). Production of amorphadiene in yeast, and its conversion to dihydroartemisinic acid, precursor to the antimalarial agent artemisinin. Proc. Natl. Acad. Sci. 109: E111-E118. Covello, P.S. (2008). Making
artemisinin. Phytochemistry. 69: 2881-2885. Lévesque, F. and Seeberger, P.H. (2012). Continuous-Flow Synthesis of the Anti-Malaria Drug Artemisinin. Angewandte Chemie International Edition. 51: 1706-1709.
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http://www.sciencemag.org/content/327/5963/328.full
http://www.nature.com/nature/journal/v440/n7086/full/nature04640.html
http://www.pnas.org/content/109/3/E111.full.pdf+html
http://www.sciencedirect.com/science/article/pii/S0031942208004500
http://onlinelibrary.wiley.com/doi/10.1002/anie.201107446/abstract

MeTaBoAIkl Mnxavikn o€ @UTA Kol KOAAIEPYEIES
PUTIKWV KUTTAPWV

Ta eviupa tou ennpedlouv TNV apaywyn GUCLKWV TIPOTOVIWV EXOUV
eVIOXUOEL 1 TpomomolnBei oe puTKA KUTTAPA KoL OE OAOKANPpA duTA

- O
FOSFORON
COOCTOE TSR

Cytosolic MVA pathway
o

e

Acetyl-CoA
'

A\

\)i/ﬂ\
CoA

3-Hydroxy-3-methylglutaryl-CoA
HMGR

_Oh
HOOC \)\/\
OH

Mevalonate
N
.

DMAPP IPP

Reprinted by permission from Macmillan Publishers Ltd from Roberts, S.C. (2007). Production and engineering of terpenoids in plant cell culture. Nat. Chem. Biol. 3: 387-395; Muiioz-Bertomeu, J., Arrillaga, I., Ros, R.
and Segura, J. (2006). Up-regulation of 1-ceoxy-d-xylulose-5-phosphate synthase enhances production of essential oils in transgenic spike lavender. Plant Physiol. 142: 890-900..
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http://www.nature.com/nchembio/journal/v3/n7/full/nchembio.2007.8.html
http://www.plantphysiol.org/content/142/3/890.full

Juotnpota KaAAEPYELAC PUTIKWV KUTTAPWV

KaAALEpyela
MEPLOTWHLOTIKWV
KUTTAPWV Kappiov

KaAAlEpyeLla pIKTWV
KUTTAPWV

KaAAiépyeia pu{wv

: transformation
, “Genetic engineering ,




KaAAépyereg pllwv: mpogpyovtal amo €kputa akpopLllou, 0€ OYXETLKA OTTAQ BPETTIKA
HEoa

KaAAlépyeleg akpaiwv BAaoTikwy peplotwpatwy (opBaipwv). H kopudaia kuplapxia
uropel va Eemepaotel mapouoia KATAAANANG OUYKEVIPWONCG KUTOKLWVIvNG Kol va
OXNUATIOTEL CUMTTAEY A ATTO QVATITUOCOUEVOUC PAaotoUC

- n KUpLa pEBodoc pkpomoAlamAactacpol/ KAWVIKAG Ttopaywyng Gutwv in vitro

fovenioTiiio SeovaAle.







Opyavoyéveon: nopaywyn utikwv opyavwv ancvBeiac ano to €kputo i and tov KaAlo.
EvaAlaktikd enyeveic opOalpoi, ol onoiot avanticoovtal o KAAAEPYELEG BAaOTWV Kal
okpaiwv [ pooxaAiaiwv opOaApwyv, eniong pmopolv va odnyRoouv otnv avayEvvnon
OoAOGKANpwv putwv

e PupBiletal anod ta cUCTATIKA TOU OPEMTIKOU HECOU Kal KUupiwg tng avaloyiag avéivng:
KUTOKLVivNnG

Biology of Plants, Raven et. al., Freeman Worth Publishing, 1999



TIOLPOLY WY TWV OVTLKOPKLVIKWV EVWOEWV BLVKPLOTLVN KOt
BwvunAaotivn o€ kuttapa Cantharanthus roseus

| {
E)S ) /\(’/"I\‘.\'/\‘.

R HO ( "OOMe

vineristine: R = H, R'= CHO
vinblastine: R = OMe, R' = Me

Dr. Carolyn W. T. Lee-Parsons

Northeastern University

R
i




napaywyn avlokvavivwv — GuoLKWV XPWOTIKWV
otnv texvoloyia tpopipwyVv o€ KOAALEPYELEC
KUTTAPWV

DCHE

‘ OCHs
= O-Glc
bHLH OE
Malwdln based
anthocyanins

Non-transgenic bH.’_H OE
culture DFR OE
F3%5H HNAI

Pelargonidin-based
anthocyanins

Davies and Deroles Current Opinion in Biotechnology 2014,




MAeovekTApaTO-
EdbapuoyEC TnG in vitro kaAALEpYELOC PUTWV

e[Tapaywyn Lylwv putwy, ATTAAAQYUEVWVY OTIO ACOEVELEC

eTaxUtatn mapaywyn Leyailou aplBpou dutwv pe i8lo yeVOTUTIO E
LKPOTIOAAQITAQLCLOO O

e Anuioupyia amAosldwv putwv

e AlaTtripnon yYeveTkoU UALKOU

e[Tapaywyn putwv Twv omoiwv n avamntuén sivol SUCKOAN amnod onopo.

* Mapaywyrn GuUoIKwV TIPOoIOVTWVY ATt UYPEC KAAALEPYELEC PUTLKWV KUTTAPWV
e Anuioupyia VEwv UPBPLOLwV Ao YEVETIKWCE ATTOUOVWHLEVA 10N

e Emtiteuén opoluywrtiag os npoypappota BeAtiwong

e Avayevvnon dtayovidlakwyv dputwy




Napaywyn petapoAttwv kot putikng Bropalog in vitr

http://www.alkion-bioinnovations.com/

‘ Of Blochernlstru
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http://www.alkion-bioinnovations.com/

Stem :Eells
192" Generation
Producers
4® Generation
Producers

Alkion

astneties

———

Hyperactive extracts |

Biomass

Alkion
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NEec KOAAIEPYEIEC YVIA TTOPAYWYN KAOUTOOUK

Parthenium argentatum

JRIVE4AEU Keygene Netherlands




2TO)XOL TNC Brotexvoloyiac putwv onuepa
“food, feed, fiber”

[_J duTA YA TAPAYWYT) PAPUAKEVTIKWV KAl
AA@V TEYVIKWOV TTPOIOVTOV

Plant —made pharmaceuticals ka1 plant-

made industrial products
MP(I)P




AtayovidLoka puTa yLa Ttapoywyr mpoioviwy

(molecular farming/ poplakn aypokaAALEpyeLa)

‘/EuBé)\La- Avtiowpota- AANo QapLaKEUTLKA
npoilovta

‘/Btounxavu«i eviupuo

‘/Bton)\aoukd




MAgovekTRpoTA

v MeyaAn Bropala pe UKPO KOOTOC EMEKTAONC TIOPAYWYNC
v Amtouoia taBoyovwy kat pn emtlBuuntwyv DNA aAAnAouxiwyv

‘/OpGr'] LLETO-UETAPPOOTLKN TPOTIOTIOLNCN MPWTEIVWVY
(avadimAwon, amoBnkevon ylo otaBepotnta, YAukoouAiwon)

‘/O kKaBaplopog dev eival amapaitnTtoc




Oepaneia unokataotaonc ev{UpHoOU

PrOtaIix BiOthera pEUtiCS http://www.protalix.com/index.asp

.

R —y——

IAukooepeBpooidaon yia vooo Gaucher FDA 2012, Pfizer

ELELYSO™ (taliglucerase alfa): http://www.elelyso.com/how-elelyso-is-made



http://www.elelyso.com/how-elelyso-is-made
http://www.protalix.com/index.asp

Napaywyn epPfoAiwv Kat avilowpHATwV o€ PuTa

http://www.medicago.com/English/Technologies/medicago-technologies/default.aspx

http://www.kentuckybioprocessing.com/

http://www.plantformcorp.com/



http://www.medicago.com/English/Technologies/medicago-technologies/default.aspx
http://www.kentuckybioprocessing.com/
http://www.plantformcorp.com/

GENETIC HANDLING

0

TRANSFER VECTOR

Medicago obtains the genetic Inserts the genes of the LC and HC Transfer vector is multiplied into
sequence of the underlying light chain  into a transfer vector. a growth solution.

(LC) and heavy chain (HC) of each

of the monoclonal antibodies.

INSERTION OF TRANSFER VECTOR INTO PLANT LEAVES

ee o eoe
Nicotiana benthamiana plants are A vacuum infiltration system is The plants are placed into
plunged into the solution which applied and released to force entry incubation for about a week to

contains the multiplied transfer vectors.  of transfer vectors into the leaves. promote antibody production.



EXPRESSION OF GENES AND PRODUCTION OF ANTIBODIES

6 CELL MEMBRANE

CELLWALL

CELLWALL

NUCLEUS

LC and HC genes migrate to the LC and HC proteins are produced. The antibodies accumulate and remain
nuclei of the plant cells. The plant cell machinery furtherassembles  soluble between the membrane and
the LCand HC into full antibodies. the cell wall.

DOWNSTREAM PROCESSING AND FINAL PRODUCT

1]

CELLWALL

& Centrifugation
 Filtration
& Purification

Antibodies are released by enzymatic ~ An extraction process yields pure
degradation of the cell wall. product.



Madntikn avooomnoinon evavtia otov L0 Ebola

http://mappbio.com/

http://www.kentuckybioprocessing.com/

4 )

FORBES Pharma & Healthcare

AUG 5, 2014 @ 08:41 AM

Ebola 'Secret Serum': Small Biopharma, The Army, And
Big Tobacco

(ZMapp IS manufactured in the tobacco plant Nicotiana benthamiana in )
the bioproduction process known as "pharming" by Kentucky BioProcessing, a
subsidiary of Reynolds American.!AiEl5]

\_ J



http://www.kentuckybioprocessing.com/
https://en.wikipedia.org/wiki/Nicotiana_benthamiana
https://en.wikipedia.org/wiki/Bioproduction
https://en.wikipedia.org/wiki/Pharming_(genetics)
https://en.wikipedia.org/wiki/Reynolds_American
https://en.wikipedia.org/wiki/Mapp_Biopharmaceutical
http://www.forbes.com/healthcare
http://mappbio.com/

Blropnxavika Evivpo

Avidin/ B-glucuronidase
trypsin

KOTTAPLVAOEG

SoAavaoeg

vIepoSelddaoT g Atyvivng
d-apoAdon)

B-yAovkavdaon

(PUTAOT




Artveoli combines algae and microfluidics to
generate fresh air indoors

MICROFLUIDIC HIGH DENSITY
PHOTOBIOREACTOR

Mlll MIII !IIII !llll !IIII
mi mimmnn MIII Al




[TO: Mol avtd n ApdwePritnon;
H yeVETLKN UNXAVLKN €lval pa SuvapLkn VEa TexvoAoyia Tou ival

VEVLKWC EAQXLOTOL KATOLVONTA KoL TNC OTIOLOC OL LOLKPOXPOVLEC
ETUMTWOELC ELVAL AYVWOTEC N AMPOOSLOPLOTEC

OLITO eival €vac veEWTEPLOUOC TTOU EMNPEALEL OAEC TLC TITUXEC TNC
TTOYKOOULOC OlYPOTLKNC OLKOVOULOLC
Production Processing




Kivéuvol e€attioc twv I.T.O.

 Aopalera:
— AUVNTIKEC EMMTWOELG OTNV OLVOpWTILVN VYELQL:

AAAepyiec, Snpovpyila avOekTKOTNTAC OTA
ovTLBLOTIKA KOl AAAEC ALYVWOTEC CUVETIELEC

— AuvnTKEC EMMTWOELC oto ItepLfailov Kata
AaBoc petadopa yovidbiwv HECW
OLVOTTOLP LY WYNC, AYVWOTEC CUVETIELEC OE
aAAouc opyavicpouc(ny Baktnpla edadgouc)

—MepLoplopog tnG BromokiAotnTog



Kivéuvol e¢artiac twv I.T.O.

* MpooBaocn ko Mvevpatikn Meplovoia:
— Kuplapyxia otnv maykocuLo mapaywyn
TPOPLUWV AlyWV ETALPELWV
— Avéavopevoc BaBuoc e€aptnong Twv
OLVOLTTTUGGOMEVWV XWPWV QTTO TLG
BLOUNXOVOTTOLNHEVEC XWPEC
— Blonelpateia-eKHeETAAAEUON PUOCIKWV TTOPWV

TWV OVATITUCCOUEVWV XWPWV OO TNC
OLVETTTUYMLEVEC



Kivéuvol e¢artiac twv I.T.O.

 HOwol:
—MNapaiacn Twv opiwv TWV PUCGLKWV
OPYOVIGULWV
— MetaoAn Twv GUCLKWV SLadLkaoLwV HECW
ovapEnc yovidiwv petaéL twv eléwv

— AvTippnoeLC otnv Katavalwon {wikwv
YOVIOiwV HEOCW PUTIKWV OPYOAVIGHWV KoLl
ovtiotpoda



Kivéuvol e¢artiac twv I.T.O.

* AuokoAiec otnv nAnpodopnon tTou
KOTOLVOAWTA:
— Agv £XeL OsOMIOTEL EMOPKEC VOUOOETLKO
NIAQLOLO O€ PEPLKEC YWPEC (.. HMA)

—Avapién I.T. KAOAAEPYELWV HE TTAPOOOCLAKEC
SUOKOAEUVEL TIC MPOOTIAOELEC ETIKETOMOLNONG
KOlL GIUOLVONG



Kivéuvol e€attioc twv I.T.O.

e Kowvwviwkol:

—H ntpoodoc pnopei va otpadel mpog
0P EAOC TWV OLVETTTUYHUEVWV XWPWV KoL
o€ Bapoc Twv UIO avantuén



[TO: Tpia Meilova Zntruorta

» Tpodkn achaAela kol TEPLBAAANOVTIKEC
OUVETELEC

» MeBvEC epmoplo

» Avéavopevoc EAeyyoc TNC YewpyLac armo Alyec
NOAVEBVIKEC



-

GENETICALLY
ENGINEERED

CROPS

EXPERIENCES AND
PROSPECTS

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

.

[
\

-2

Committee on Genetically Engineered Crops:
Past Experience and Future Prospects; Board
on Agriculture and Natural Resources; Division

on Earth and Life Studies; National Academies

of Sciences, Engineering, and Medicine


http://www.nap.edu/author/BANR
http://www.nap.edu/author/DELS

http://www.nytimes.com/2016/05/18/busines
s/genetically-engineered-crops-are-safe-
analysis-finds.html?_r=0



TauTomoinon diayovidiakwy QUTWY

B Me PCR, pe ekkivnTéC €€EIBIKEUPEVOUC

* yia Ta yovidia npo¢ £évOeon

* yld Td ouvopiaKa

* yia meploxéc dimAa ora ouvopiaka (yia s€akpipwon evowparwong
DNA Tou @popéa)

- Avaotpoypn PCR (IPCR)

B Me Southern avaAuon yia Tnv avayvwpion povadidiov
avriypagpou Tou £VOETOU YoVIdioU OTO YUTIKOG yovidiwpa

m FISH



T-DNA fingerprinting
A DNA izolation

&’Q&%O-’Z‘ITIDQE’QG(

B. Tetracutter digestion

C. Adaptor ligation

L e L | T | S

0. Anchored PCR

e o+ e L e ! Ll 4+

E. Detaction
i
—A



I-PCR

YOVIOIWHUITIKO UINA

=
T-DNA ,\,Qe
e B =
TéWn yovIdiwpa- Ay
TIkoU DNA pe €vqu-
ga TrepIopiouoy

v

uépog tou T-DNA
META TNV TTEWN

TO UTTOAOITTO PEPOG:
%TOU T-DNA petd v méyn

T

eVCUIKA avTidpaon
g Aiyaong

250

@
e

&

g

=

N4

AN
EVIOXUMEVA aAUCIBWTA
TuipaTa DNA avridpaoh

TToAUpEPAONG



IxvnAaowotnta twv IO




Mati o EAgyyoc ywa ITO;

e NopoOeoia
— HMA: 2npoavon tpodwv “GM-Free” <5% I'T
— EE: 2npavon tpodwv “IT” eav >1% T
— lanwvia: Znpavon tpodwv “I'T” eav >5%

e E§aywyég

e TL oUMBOVEL HUE TIC N CNUOOMEVEC
TPOPES;



Nwc eAsyyouvpe yia ITO

‘EAgyXoC mapouoiac mMPWTEIVWV Tov
ekppalovtal oo T YEVETLKN TpOomonoinon

Ynép: Mpriyopo, $Onvo, xanAng texvoloyiag

Kata: E€eldikevon yia kaBe ¢putd, otabepotnta
NPEWTEIVNG

‘EAgy)o0¢ yia mapouvoia etoayopevou EEvou DNA
Ynép: Tavtonolei dStadopetika IT putad, otaBepotnta DNA

Kata: AkptBo, xpovoBopo



Moiec tpodEc divouv aslomioto putikdo DNA;

Very Reliable

Reliable

Less Reliable  Very Difficult /
Not Possible

Fresh corn
Fresh papaya
Corn bread mix

Corn meal
Soy flour

Veggie sausages

Tortilla chips

Flavored tortilla
chips

Puffed corn snacks

Meatballs and
burgers
containing soy
protein

Soy-based protein
drinks/powders

Veggie burgers Oil
Fried corn snacks Salad dressing
Popcorn Cereal (eg cornflakes)

Fries Wheat flour
Potato chips



Nwc eAsyyouvpe yia ITO

‘EAeyxoc yia ITO pe PCR:
1. AAeocpa TPOodPNC
2. E¢aywyn DNA ano to dsiypa

3. ‘EAeyyoc¢ deiypatoc DNA ya
aélomioto putiko DNA

4. EAeyxo¢ deiypatogc DNA yua
YVEVETLKECG TPOTIOTIOLIOELC



AvaAuon anoTeEAECUATWYV

MO —

O€cTKo @ -

1: non-GMO food with plant primers
2: non-GMO food with GMO primers

3: Test food with plant primers

4: Test food with GMO primers

5: GMO positive template with plant I I O
primers

’
6: GMO positive template with GMO apv ntho

primers

7: PCR MW Ruler



eUROPEAN NETWORK . B JRC
OF GMO LABORATORIES ,ihqy EUROPEAN COMMISSION

tnatitute for Health
ond Consumer Protection

. e X 3 Wl ..
' G . o~ . 7 4
E L - — . o . d
o | | £
J X
-

.9 EUROPEAN COMMISSION

Genomics /7

http://bgmo.jrc.ec.europa.eu/home/default.aspx

http://bgmo.jrc.ec.europa.eu/home/ict/methodsdatabase.htm



D@ “i /'Dbhbspaﬁo reloagse and wm@ on the EU markes 1]{19
_of Genetically Modified Organisms (GMOs)

http / / gmomfo Jrc.ec.europa.eu/default.aspx

http://gmo-crl.jrc.ec.europa.eu/

Statistics and Sampling




Sampling |

Homogenisation
' \
\
DA extraction I\

l

Plant DNA check by PCR |

/\H
E H

Ho plant DNA dete:}tahle

Plant DNA present

!

Screening PCR I

N\
= E

GM Plant Hon GM Plant

Specific GMO
detection by
nested PCR

v

DHA quantification
using
spectrophotometny

,

GMO
quantification by
real-time PCR

\

\

\

Not performed during
the course

Raw and processed
materials

Lectin-PCR for soybean

and zein-PCR for maize

Detection of regulatory elements
(358 promoter ang mos terminator)

Detection of GMOs
using ELISA




(2004/787/EK)

2YZTAZH THZ ENITPOMNHZ

™¢ 4n¢ OktwPpiov 2004
OXETIKA ME TEXVIKEG KATEVOUVTAPLEC YPOUUEG Yia TN SetypatoAndia Kot Tnv aviyvevon
VEVETIKWG TPOTIOTIOLNUEVWV OPYAVIOHWY KOL UALKWV TIOPAYOUEVWV OO YEVETLKWC
TPOTIOTIOLNHEVOUG OPYAVLOHOUG WG TPOLO-

VIWV ] CUCTATIKWY ITPOIOVTWY oTto MAaiolo tou kavoviopov (EK) apiB. 1830/2003



iAW NR

NMPQTOKOAANA AEITMATONHWIAZ
AsiyuaroAnyia naptidwv ordpwv npo¢ ornopd kot tAAou moAAanAaoctaoTikoU UALKOU (pUTWV
AsiyuaroAnyia yewpyikwv npoioviwv yuua

MpwtokoAAo yia TNV MAPACKEUH AVAAUTIKWVY SELYUATWV

MpwtokoAAo yia tnv ektipunon tn¢ aBeBaiotnrag

MpwtokoAAo SstyuaroAniocg naptidbwv tpo@iuwv kat {wotpopwy .

h-1f1r'I’fl|1|-: 1'.-:“Lj'.|'u'-!'§--:“|-: O TOVOUG X E: Ir'!’flifl-: T UV kO ﬂ!il,-'u{“l'm-: P kg .ﬂm’:"w‘.l-: -::'11111_:&!1:11-!'5-:}1» -!‘l!wu.f‘l'tm

= 50 5 10

100 10 20

250 25 50

= 500 50 100




o ANAAYTIKA NMPQTOKOAAA / MEGOAOI AOKIMQN

EpyaoTnpIakKEG anAaITROEIG

Ta €Bvika epyacTnplad TWV KPATWV PEAWV NMOU EKTEAOUV TIC AVAAUCEIC CUMPWVA PE TNV
napouoa cuoTaon MPEnel va €xouv OlanIOTeEUTEl cUPPwva Pe To npoTtuno EN ISO/IEC
17025/1999 1} va €xouv nioTonoinbei cUPPWvVa PeE €va KaTtaAAnAo ocuoTnua, Kai Npenel va
OUUMETEXOUV TAKTIKG O npoypauuata €AEyXou TnG €naApkelac Ta onoia vd
dlopyavwvovTal i va ocuvTovidovTal and €pyacTnpld avayvwpliopdeva o €BVIKO 1 OIEBVEC
eninedo n/kal anod €bvikouc f diebveic opyaviopouc.

Mapaokeun TWV AVAAUTIK®OV JEIYHATWV

KaTta Tn deiypatoAnwia, kataBAaAAeTal npoondabeia woTe va AauBavovTal avTinpoowneuTIKA Kal
OMOIOYEVH €pyaoTnplaka dsiypata xwpic deutepoyevn pOAuvaon. Ta kpdaTtn HEAN ogpeilouv va
xpnoigonolouv Ta oxedla supwnaikwv npotunwv prEN ISO 24276:2002 kair prEN ISO
21571:2002 Ta onoia unod&sikvUOUV OTPATNYIKEC YIA TNV OHUOIOYEVOMOINGN TOU €pyacTnplakou
OgiynuaTocg, TN Meiwon Tou epyaoTnplakou OgiyuaTog o€ dOKIiPIo, TNV NPOETOINACia Tou JOKIYiou

Kal Tnv napaAaBn Tng ouciag npog avaAuaon.

Ta deiypaTta ondpwv npenel va AauBavovrtal cUP@wva npog Toucg diebveic kavoveg TnG ISTA vyia
TIG doKIhaoieg ondpwv npog onopd. Ta deiypaTta noAAanAaciacTikoU UAIKOU QUTWV NPENEl va

AapBavovTal cupewva npog Tic d1EBvwc epappolopevec nEBODOUG, E(pOCOV upioTavTal.
L 348/24 EL Enionun Epnuepida Tng Eupwnaikng 'Evwong 24.11.2004



Mnopei va gvdeikvuTal va epapuooTei npwTta PHEBodog paldikoU eAeyxou yia va dianioTwBei n napouadia n
n anougia ITO. Eav To anoTéAeopa eival BeTIkO, npenel va spapuolovTal €dIkEG PEBOdOI yia €va
YEVETIKO napackeuaopa n/kar JeETaoxnuaTtiopo. Eav otnv ayopd kKukAo@opouv diagopeTikoi MO nou
NEPIEXOUV TO iDI0 YEVETIKO NApACKEUACKA, OUVIOTATAl avenipuUAAKTa n spapuPoyn HeEBOdou €IBIKAC Yia
OUYKEKPIMEVO oupBav. Ta anoTeAéopaTta TnG NOCOTIKAG avaAuong npensl va ekepalovral wg
€kaTooTIdia avaAoyia Tou apiBuou avTiypapwyv Tou ' DNA npog Tov apiBud avtiypapwyv Tou DNA Tng
Ta&IvouIkAG opadag oTtoxou, unoAoyilopevn PE Baon anAoe€idn yovidiwpaTta. ‘'Onou eivar duvatov, Ta
gEpyaoTnpla xpnoigonoloUuv peBodO n onoia va €xel enikupwBei ouUpPwva npog diEBvwg avayvwpiopeva
kpitnpia (n.x. ISO 5725/1994 | evappoviopevo npwTokoAAo IUPAC), kal va nepiAagBavel Tn xpnon
NIOTOMOINKEVOU UAIKOU avagpopdg.

‘EK(pPacn Kdl EPUNVEIA TWV AMOTEAECHATWOV TOV AVAAUCE®V

TNV NEPINTWON TWV MOIOTIKWV PHEBOdWV, To Oplo avixveuonc (LOD) eival To KatwTePo €ninedo Tng
e€eTaldbpevng ouadiac To onoio ival duvaTov va avixveubei pye a&ionioto TpoMo, Je dEOOPEVO EvAV YVWOTO
apibuo avTiypdpwyv Tou YovISIWPATOC TNG Ta&ivouikng Baduidacg aTtoxou.

3TNV NEPINTWON TWV MOCOTIKWV PEBOdWYV, To OPI0 NOCOTIKNG avixveuonc (LOQ) €ival To KAaTwTEPO €ninedo
TNG €€eTalOPEVNG ouaiac To onoio €ival duvaTov va avixveubei NoooTIkA Pe a&ldnioTo TPono, e dEDOHUEVO
€vav yvwoTo apiOuo avTiypdpwyv Tou YyovISIwPaToC TNG Ta&ivouikng Baduidag aTtoxou.

Ta anoteAéopara TNG NOCOTIKAG avdAuong npé&nel va ekPppalovral wG apiOPoc avriypapmv Tou
'T DNA npog Tov apiOuo avriypapwv Tou DNA TnG Ta&ivolHiKAG ogadac oToxou, unoAoyi{OHEVN
HE Baon anAo£1dn yovidiopara.

Edv n nepiekTikOTNTA TNG MM aAAnAouxiag oTdxou €ival KATWTEPN TOU Opiou MOOoTIKAG avixveuong (LOQ),
Ta anoTeAéopaTa npenel va ekppalovral JOVo NoloTIKA.



Table 3. Comparison of genome size of some plant species and corresponding

genome copies in defined amount of DNA

Sample Genome size Genome copies in Genome copies in
1 Hg DNA 1 ng DNA
Maize 5x 10”7 bp 1.85x 10° 185
Soybean  1.55x 10° bp 5.98 x 10° 598
Tobacco 3.8x 107 bp 243 x 10° 245
Rice 4 x10°bp 2.31 x 10° 2310

For example, in a 4 kb plasmid, containing a 1 kb insert, 25% of the input DNA is the
target of interest. Conversely, a 1 kb gene in the maize genome (5 x 107 bp)
represents approximately 0.00002% of the input DNA. Approximately 1,000,000-fold
more maize genomic DNA is required to maintain the same number of target copies
per reaction. For optimised results, > 104 copies of the target sequence should be

used as a starting template to obtain a signal in 25 - 30 cycles.



Definition of minimum performance requirements for analytical methods of
GMO testing

eUsing validated methods of analysis

eUsing internal quality control procedures

eParticipating in proficiency testing schemes

eBecoming accredited to an International Standard, normally ISO/EC 17025

eApplicability

ePracticability

*DNA extraction and Purification (concentration, fragmentation state, purity eg
ACt, measured Ct- extrapolated Ct of the first diluted sample <0.5 and slope of
inhibition curve between -3.6 and -3.1)

e Specificity

eDynamic Range

eTrueness

eAmplification Efficiency

eR2coefficient

ePecision

eLimit of Quantification

eLimit of Detection

eRobustness

lMapadeiyua Maize-E32-verification report



Definition of minimum performance requirements for analytical methods of
GMO testing

eUsing validated methods of analysis

eUsing internal quality control procedures

eParticipating in proficiency testing schemes

eBecoming accredited to an International Standard, normally ISO/EC 17025

eApplicability

ePracticability

*DNA extraction and Purification (concentration, fragmentation state, purity eg
ACt, measured Ct- extrapolated Ct of the first diluted sample <0.5 and slope of
inhibition curve between -3.6 and -3.1)

e Specificity

eDynamic Range

eTrueness

eAmplification Efficiency

eR2coefficient

ePecision

eLimit of Quantification

eLimit of Detection

eRobustness

lMapadeiyua Verification of the Performance of a Method for the Detection of DAS-
59132-8 (Event 32) in Maize using Real-Time PCR




Event-specific method for the quantitation of maize line TC1057

http://gmo-crl.jrc.ec.europa.eu/summaries/TC1507-WEB-Protocol-Validation.pdf



