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ZUYXWVEUON TNC EPEVVAC HE TNV EPapHoyN

AvakdAvyn Avarntuén/ Enideién Avaruén/
Anpoupyia Edapuoyn

Crop science ®

1 "8 Plant science




EmiotApn twv Qutwv kot MpokARoeLg tov 21°0 Alwva

E€¢aocdalion tpodng
KAtpatikn aAdayn
AUENON TNG GUTLKAG , ,
TTOPOYWYAC UE AlaBeolpotTnta vepou

LELWON TWV ELOPOWV
oTn Yewpyla

AvAykn yla mopoywyn
EVEPYELAG ATIO

OlVOVEWOLUEG TINYEG Melwon Twv opUKTWV amoBepdtwy



Nw¢ avapévetal va emtevyBel avénon tng
$utkri¢ napaywyng / ropddag;

Me tnv avantuén/énuiovpyia putwv nouv

" gival avBekTkad otnv Enpaocia N oe AAAEC KATATIOVHOELG
" araLtoUV ALYyOTEPEC ELOPOEC KOL VEPO

= givol avOekTikad o€ maboyova / exBpouc

" gival 1o BpemTIka




BeAtiwon putwv

2TPOTNYIKEC TPOTIOTIOLNONC YOVIO LWUATWVY

* KAaowkn BeAtiwon

- Emtdoyn emBupunTwy XapaKTnNPLOTIKWVY

 Moplakn BeAtiwon
- Xprion popLakwy TexVIkwy otn dtadikaoia BeAtiwong

e Teyvoloyiec petadopac DNA

- Tpomormnoinon Tou YovISLWUOTOC E YEVETLKI LNXOVLIKA



KAaowkn BeAtiwon putwv

/5:"' s
Ou €peuvec Tou Mendel

amoteAoOUV TNV €mApPXN TNG
ETILOTAUNG TNG YEVETIKNAC KOL TNG
BeAtiwonc Twv putwv

1822-1884



Texvntn ermtloyn

...0TNV viopata

...0TNV TIIEPLA




Mpdown Enavaoctaocn (1950-1960)

Norman Borlaug (1914-2009)
“The father of Green Revolution”

Nobel Peace Prize 1970

AUENON TNG AYPOTLKNG TTOPAYWYNG ME:
e KaAAiepyetec uPnAwv amodooewvV Kol AVOEKTIKEC 0 lOOEVELEC

* MoVOKAAALEPYELEC

* MoOVTEPVEC TEXVIKEC 0TN Yewpyia (apdeuon, Aumaopata, YewpyLka ¢appaka)



BeAtiwon putwv

2TPOTNYIKEC TPOTIOTIOLNONC YOVIO LWUATWVY

e KAoowkn BeAtiwon

- Emtdoyn emBupunTwy XapaKTnNPLOTIKWVY

 Moplakn BeAtiwon
- Xprion popLakwy TexVIkwy otn dtadikaoia BeAtiwong

e Teyvoloyiec petadopac DNA

- Tpomormnoinon Tou YovISLWUOTOC E YEVETLKI LNXOVLIKA



Anpovpyia MOKIALWV puloU aVOEKTIKWVY G€ KOTAKALCN
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Julia Bailey-Serres et al, 2010, Rice Submergence Tolerant Rice: SUB1’s Journey from
Landrace to Modern Cultivar



BeAtiwon putwv

2TPOTNYIKEC TPOTIOTIOLNONC YOVIO LWUATWVY

e KAoowkn BeAtiwon

- Emtdoyn emBupunTwy XapaKTnNPLOTIKWVY

 Moplakn BeAtiwon
- Xprion popLakwy TexVIkwy otn dtadikaoia BeAtiwong

* Texvoloyiec petadopac DNA

- Tpomormnoinon Tou YovISLWUOTOC E YEVETLKI LNXOVLIKA



Texvoloyia avacuvduaopévouv DNA
kot BeAtiwon putwyv

Wild Relative Crop Plant Wild Relative Crop Plant

Conventional Breeding Genetic Engineering



Texvoloyia avacuvduaopévouv DNA
kot BeAtiwon putwyv

Mrmopel va epappocBel og OAa ta 6N dutwv
Ertitpenel tnv HeTAPOPA LEUOVWHEVWYV ETILOUUNTWYV YOVLOLWV

Artoutel pot pEBodo petadopac Twv yovidiwv ota GpuTLka
kKUTTOpOL

Artautel kUtTapao tou Ba pmopouv va ermavadnULoupynoouy Eva
OAOKANPO HUTO ATIO PEUOVWLEVA YEVETIKWE TPOTIOTIOLNMEVDL
kKUTTOpOL



Agrobacterium tumefaciens

Gram-apvntLko BaktnpLo

NG pLLoodaLpag YreUBuvo yia TtV acBévela Tou
““kopwvotol KAAAou”’



To mAaopiélo Ti (tumour-inducing)

T-DNA neploxn

KUTOKIVivn

ETTAYWYNAS
oykou

[/ kataBoAiopog
/ SOTTIVWV

TOgIKOTNTAG -Vir

0éon évapéng
TNG AVTIYPAPNG



H duadikacia tnc poAuvonc

* To A. tumefaciens tpEdetal PLE EKKPLVOUEVEC OUOLEC TNC
pifac tou Pputou

® LOAUVEL HECW TPOAUMATIOUEVWV LOTWV TOU puTtoU



H duadikacia tnc poAuvvonc

Chromosome

Transformed
plant cell

(b) () (d)




H duadikacia tnc poAuvonc
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Agrobacterium duTto



Avadilko cvotnua (cvotnpa trans)
Binary vectors

Bacterial
Selectable
marker

To yovidlo mpoc¢ petadopd oto PUTIKO yovidiwpo Kol To vir
yovidia Pplokovtat oe Oladopetikd TmAaopidla, Ta omoia
OUVUTIAPYXOUV aveEdptnta Kol autovopa peoa oto Agrobacterium



Avadiko cvotnua (cvotnua trans)
Binary vectors

Agrobacterium



Transformation

Gene to be
transferred

Recombinant
plasmid [(= = o \

/<‘° s
Plant cell g

colonies Transformed bacteria

introduce plasmids into
plant cells.

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

de.
A

Complete plant
generated from
transformed cell.



Kataokeun nAaocpuidiouv

ON/OFF Switch Makes Protein stop sign

PROMOTER INTRON CODING SEQUENCE poly A signal

Plant Selectable
Marker Gene

Plasmid DNA
Construct

bacterial genes
eantibiotic marker N

sreplication origin — \



2UOTOTLKOL UTTOKLVNTEC ota Stayovidlaka putd

v mpokaBopilouv tnVv £kdppaon Tou yovidiou og OAOUC oXeSOV TOUC LOTOUC
o€ maparnAnoLa eniteda

Mapadeiyuota:

35S amnoé CaMV (L16¢ Tou pwoaikou Tou Karmvou)
nos (ocuvlaaon tn¢ vortaivnc)

ubiquitin | (KOAOQLUTTOKL)

actin (pu{L) yla LOVOKOTUAQ

PuOulopevol katd cuvOnKn UTTOKLVNTEC

lotoeldikol
Enaywpevol



Metapopdpwon putwv pEécw tou Agrobacterium

KAwvormoinon tou yovidiou (| TUAMATOC Tou) otn moAuduvapun B€on
KAwvortoinong tou kataAAnAou dopéa

Elocaywyn tou yovidiou oe eva katdAAnAo oteAexoc Agrobacterium tumefaciens

2 UV-KOAALEPYELOL TOU TPOTIOTIOLNEVOU VEVETIKA A. tumefaciens pe to. KOTAAANAQ
EkduTta GuTWV Ao TA omola Urmopet va tpoEABouv oAOkAnpa putd

KaAALEpyELa EKPUTOU, OPXLKWE OTNV TTAPOUCLOL KATIOLOU BAKTNPLOOTATLKOU
nopayovta ntov napepnodilel tnv avamntuén touv Agrobacterium aAAd OxL TwV
duTIKWV KuTTApWV (T.X. cefotaxime) kol o€ apayovta emAOYNC yLo TV EMAoyn
TWV LETAULOPOWHEVWV PUTIKWVY KUTTAPWV/ TUNUATWV

ErttAoyn Twv avayevvnUEVWY GpuUTWV yla TNV Ekbpoon Twv OELKTWV EMIAOYAC N
avadopag

AVATTTUEN TWV OITOYOVWVY TWV UETAUOPDWHEVWY GUTWV Kal KABOPLOUOC TNG
KANPOVOULKOTNTOC TOU eLoaxBevtoc yovidiou



Metaoxnuatlopoc dutwyv — Anpouvpyla KAAAoU

O HLETAOXNUATIOUOC TWV TIEPLOCOTEPWV
bUTWV YIVETOL LECW TNE OVATITUENG
KAAAOU KOl OTTOLLTELTAL AVAYEVVN O TWV
bUTWV LLE LOTOKOAALEPYELQL




O petaoxnpatiopog tov Arabidopsis thaliana

MeBobdoc: “eppamntion avOEwv”’

EuBarntion @utwv Arabidopsis
thaliana o€ evalwpnua KUTTAPWV
Agrobacterium tumefaciens




BouBapSdLlopnoc cwpatidbiwv

BloAloTikn, EMLTAXUVTNG cwHATIOLWY, YovIdLaKo OTAo, OTTAO cwHATLO LWV

XpAoN ETMTOXUVOUEVWY HE HeYAAn Ttaxltnta ocwpatdiwv (amdé xpuocd N
BoAdpaplo) ota omoia cuvdéetal to DNA mpoc petadopd £T0L WOTE va

SLaTEPVWVTOL OL EEWTEPLKEC KUTTOPLKEC OTOLRAOEC | TA KUTTOAPLKA TOLXWHLOTAL
Kol va elogpyetal to DNA oto kUTTOopo

Firing pin

Gunpowder
cartridge

Projectile

DNA-coated
pellets

Vent

Stopping plate ;!1 :

Target cells

Figure 15.3

DNA Particle Gun. The DNA particle gun, developed by John C. Sanford of Cornell University, fires tungsten
i 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

\
‘ target. The instrument shown is the Biolistic® system from Bio-Rad, but other instruments using variations of
| this basic principle have been developed.



Napaywyn diayovidiakwv putwv eAsUOepwV
arto yovidia emiAoync - clean gene technology

Xpnon kataAAnAwv rAacpdlokwv popEwv, oL omolot:

e epouv yovidla emAoync xwpig emikivouvec BLOAOYLIKEC
SPOAOTLKOTNTEC

* ETITPEMOUV TNV €vBeon Tou EEvou yovidiou Kol Tou yovidiou
eTtlAoyNn ¢ o€ SLaPOPETLKEC TIEPLOXEC TOU YOVLIOLWHUATOC TOU
duToU, un ouvdedepevec peTafl Toug

 qauéavouv Tn cuXVOTNTA TWV AVACUVOUOCHWY LLE ATIOTEAECOL
NV €€aoywyn tou yovidilou erthoyng

*  ETUTPEMOUV TNV £€aywyr Tou yovidiou emAoyng armo 1o uTIKO
yoviSiwpa PE Xprion cuCTNUATWY PEKOUTTLVAONG LLE
eteldikevon B€oncg



Eneéepyaocia Novidiwpatoc — Genome Editing
ZuvOetikég NoukAedoeg yia NoviStwpatiky Mnxaviki

Zinc-finger nucleases (ZFNs)

~9nt ~9nt
(©  TALENSs (@ CRISPR/Cas9
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" Evowpdtwon Me akpifeia O£ong tou emBupNToU YEVETIKOU
UALKOU o€ TToAU KaBoplopeveg Beoelc peca oto yovidiwpa



H kataokeur) CRISPR/Cas9
mt/_ EVOWUOTWVETOL OTNV
nieploxn T-DNA kot o
COMMUNICATIONS HETAONIRATIOEG o
dUTWV YLVETOL HE TO
BIOLOGY Aypopaktiplo

ARTICLE  January 2019

CRISPR/Cas9 editing of endogenous banana streak
virus in the B genome of Musa spp. overcomes a
major challenge in banana breeding

Jaindra N. Tripathi', Valentine O. Ntui', Mily Ron?, Samwel K. Muiruri', Anne Britt? & Leena Tripathi® '



Awayovidiaka Quta oto EPNOPLo

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

Earlier R&D Advanced Regulatory Commercial Commercial
stages R&D pipeline pipeline GM crops !

‘ "mheri“
‘/AVGEKUKémta o€ (L{avioKTova

GM crops

‘/AVGEKUKémta O£ EVTopQ

‘/AVGEKTLKéTnTG o€ aoBevelec (BaktnpLa, HUKNTEG, Lol)
v Avtoxn o€ TepLBAANOVTIKEG KATATTOVIOELG

‘/Ytlm)\r'] napaywyn/anodoon

‘/Tpononoinon TNG TTOLOTNTAC KATIOLOU TIPOTOVTOC



Ol KUPLOTEPEC
[T KAANEPYELEC
TLIAYKOGIULWC
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Figure 16. Global Area of Biotech Crops, 1996
to 2017: by Crop (Million Hectares)

Source: ISAAA, 2017



IT kaAAEpyerlec o Apepikn Kot Kavada to 2017

Biotech Alfalfa

1.22 Mhas
(2%) —‘ I_ Other Biotech Crops*

Biotech Cotton 1.31 Mhas (29%)
4.58 Mhas
(6%)

Biotech Soybeans
34.05 Mhas

Biotech Maize (45%)

33.84 Mhas
(45%)

Figure 3. Biotech Crops Planted in the USA,
2017

* Biotech canola, biotech sugar beets, biotech potato,
biotech apples, biotech squash, and biotech papaya.

Source: ISAAA, 2017

Other Biotech Crops*
0.02 Mhas (0.23%)

Biotech Maize
1.78 Mhas
(13.5%)

Figure 6. Biotech Crops Planted in Canada,
2017

* Biotech sugar beets, biotech alfalfa, and biotech
potato

Source: ISAAA, 2017
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Figure 1. Global Area of Biotech Crops, 1996 to 2017: Industrialized and Developing Countries
(Million Hectares)

Source: ISAAA, 2017



Figure 2. Global Area (Million Hectares) of Biotech Crops, 1996 to 2017, by Country, Mega-

Countries, and for the Top Ten Countries
50,000 hectares, or more

1. USA 75.0 million

2. Brozil* 50.2 million

3. Argentina* 23.6 million

L 4. Canada 13.1 million

5. India* 11.4 million

L 6. Paraguoy* 3.0 million

/% 7. Pakistan* 3.0 million

8. China* 2.8 million

9. South Africa* 2.7 million

10. Bolivia* 1.3 million

& 11. Uruguay™* 1.1 million

12. Australia 0.9 million

13. Philippines* 0.6 million

) ) ) 14. Myonmar* 0.3 million

24 countries which have adopted biotech crops 15. Sudan* 0.2 million

16. Spain 0.1 million

" 17. Mexico* 0.1 million

In 2017, global area of biotech 18. Colombia* 0.1 million
crops was 189.8 million hectares,

0 representing an increase of 3%
3 /0 from 2016, equivalent to 4.7 Vistngm® Portugal
Increase million hectares. Honduras* Bangladesh*

from 2016 Chile* Costa Rica*
Source: ISAAA, 2017 * Developing countries




AvOektikotnta o€ YIOVIOKTOVA - ZTPATNYLKEC

1. Amtotoéikomoinon (L{avIioKTOVoU UE eLooywyn yYovidiwv Baktnploknc

(kupilwc) N dUTIKAC TpoEAELONC

ClT[(ID(IiTI’TEEC L6 L(')TI’]TEC VOVL6 lwv Aev eival anapaitnto va yvwpilovpe
e qamoAutn e€elbikevon ToV TpOT0 SpAoNnC

®*  LOVOYOVLOLOKOC XOPOKTNPOG

* va unv anoteil moAUTAOKA CUVEVIU A

e  KkaAn ev{UULKN KIVNTLIKA

e qamoucia ToékoTNTAC TOU TIPOoioVTOoC avtidpaonc

2. Yniepriapaywyn tn¢ puoLloAoyLKAC, LN-TPOTIOTIOLNUEVNC TIPWTELVNG-OTOXOU

3. Tpomormnoinon tn¢ MPwTeivng-otoxoU

e yvwotn n BLoxnuikn 6€on dpdaonc
e Juvatotnta otn HOPLAKH KNXOVIKA TPOTOTtoinoNG

4. Evioyuon tng amotoékomoinong amno evOoyeVeilg unXovIopoug tou putoul
(kutoxpwpa P450, petadepaon S tng yloutaBelovng, GST)



AvOektikotnta oto glufosinate (phoshinopthricin) - Basta

®
H,Co /> H,C 1 H.C g/
3TN Ala P /
/ Ala” / OH bar / pat HG OH
HO a HO \l\[x

o Peptidase 0 PAT @)
acetyltransferase H_.C NH

NH, NH, SN

Phosphinothricin O

Bialaphos . N-acetylphosphinothricin
(glufosinate)
competit!ve
mh:bmon
L-glutamate L-glutamine

otpatnywkn 1: etoaywyn yovidiwv amotoéikonoinonc (Baktnplaknc npogAsvaonc)



AvOektikotnta o {{oviokTova

“ Roundup Ready Soybeans

iy

Bol gard

with
Roundup Ready*
Cotton

Traditional
Soybeans




AvOeKTIKOTNTO GE EVTOUQ

gLoaywyn yovidiwv Baktnplaknc mpoEAsvUonc

Bacillus thuringiensis (Baktiplo Bt):

napayetl 6-evdotoéivec (crystal proteins 1 Cry proteins)

e evtopoktovo dpaon (cry toxins)




AvOeKTIKOTNTO GE LOUC

= Me untepekdpaon twv CP (coat protein) oe Stayovidiakd putad

= Gene silencing Virus Re5|stance ,

Prssriciigs ol GMOs Revealed BIOLOGY,
How Does it Work?
—’ ﬂ—_—fp A gene from a virus, such as

the papaya ringspot virus is

engineered in the crop and is

expressed forming ents
ctramded nagronts 0f double-stranded (ds) RNA

The dsRNAs trigger the plant’s
&‘R defense mechanism and are
V ~ e cleaved into short RNA
Short RNA molecules.

+ The short RNA molecules are
complementary to the RNA
fromthevims Again, these

m.gg plant’s defense
nism and prevent the
virus from replicating.

Papaya with gene from f\/ o, ‘—’ 1~
papaya ringspot virus Virus - Plant RNA




AloyovidLaka puta 2nG YEVLAG

() Zuocowpeupéva XopaKTNPLOTIKA AVOEKTLKOTNTAC OF
(WavioKTOVO KoL EVTOUQ

- SmartStax™ apapoocitog
- RReady2Yield™ coyia

) E€aAewpn yoviSiwv emhoync (avOekTikdTNTOC O€ aVTLBLOTIKA)



2To)XoL TN Brotexvoloyioc putwv onUEP

Quta pe avBekTIKOTNTA O€ APLOTIKEC KATATIOVAOELG: Enpacia /
aAatotnta / EAewdn Bpemtikwy otolxeiwv — kKupiwc N / P

Quta pe avOeKTKOTNTA 0€ A0OEVELEC

BlokaloLpa

Qutoamnoppunaveon / Qutoanokatdotaon

ITep1arrov kol Aew@popikn 'empyla




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

Earlier R&D Advanced Regulatory Commercial Commercial
stages R&D pipeline pipeline GM crops |

Commercial in Commercial Regulatory Advanced
Trait categorya 20Q8 pipaline pir=line develonment Total by 20150
Insect resistance /21\ / 2 \ 11 25 69
Herbicide tolerance 11 5 4 13 £E
Product quality® 2 1 = 12 20
Virus resistance 5 0 2 3 10
Abiotic stress tolerance 0 0 1 6 7
Other \ 0 / \ D/ 2 11 13
S S

ApoaBootitoc, mepLeXOHeVO o€ Auaivn

Apapoottog, avBektikotnta o€ Enpaocia (cspB, Bacillus subtilis)

-Pu{L, avBektikoTnTa 0 PUKNTEG / LoUC / Enpaota/ alatotnta
-Apapootitog, apuAdaon/ dutaon
-Natdta, apuAonnktivn/ PYV avOektikotnta

-Zoyla, Tpomnornotnpueva Atnapd (eAaiko / w-3) avOEKTIKOTNTA OE VIUOTWOELG
-Notata avOEKTIKOTNTA OE LUKNTEG/ TPOTIOTIOLNHEVO ALUAO
-Golden Rice



H aAAayn voc Ko povo yovidiou auvéavel tnv
ovtoxn otnv énpoaocia

Drought-resistant

. : » ’ -~ )
> 54 )’ « C :
Wild-type CM”HE OO *
Well-watered 10 days drought 20 days drought After re-watering
] ]

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.


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

Gene for Proof Development

drought of concept in crop
ongoing

tolerance
identified

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



MowtAiec BapBakiov emAEyovTal 6 Mpoypappota BeAtiwong
yla avOektikotnta o€ eXOpouc Katl KAAUTEPN moLoTNTA VoG

Photo credits: Chen Lab; IFPC



http://cottongenomics.biosci.utexas.edu/
http://www.cottonpromotion.org/
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From BIOMASS to CELLULOSIC ETHANOL: Genomics for Alternative Fuels

Cellulosic
Biomass Feedstock

Plant Residues and
Energy Crops

Biatechnology offers the promise
of dramaticatly incroasing ethanol
production using cellulose, the most
abundant biological material on sarth, and other polysaccharides

(hemicellulose) located in plant cell walls (see details on reverse),

Residue including postharvest corn plants (stover) and timber
residues could be used, as well os such specialized high-biomass
“energy” crops ns domesticated poplar trees and switchgrass.

Biochemical conversion of cellulosic biomass to ethanol for

transportation fuel currently involves three basic steps:

» Prot ts to | the ibility of
cellulose to enzymes and solubilize hemicellulose
sugars

» Hydrolysis with special enzymae preparations to
break down cellulose to sugars

P Fermentation to ethanol

Making cellulosic biomass convarsion to ethanel more
economical and practical will require a science base for
moleculor redesign of numerous enzymes, biochemical
pothways, and full cellular systems,

Tol KUTTOPLKA TOLXWLOTOL
Twv putwv £Xouv
KuTTapivn

Pretreatment

Goal: Make cellulose more accessible to
enzymatic breakdown (hydrolysis)
and solubilize hemicellulose sugars

~ Lignin

> Cellulose

N Hemicellulose
Plant cell wall

In plant cell walls (see revarse), cellulose exists vathin a matrix of

other polymers, primarily hemicell
of biomass with heat, enzy or acids
from the cellulose core hefore hydrolysis.

Pretreatment, one of the more expensive processing steps, has

and lignin. Pretreatment
these polymers

great p ial for impr hrough R&D.

[Figure adapted from N, Moxker ef al. 2005,

Features of Promiiing Technalogles for

Pretreatment of Lignocelisose

Womass, *Bloresource

Technalogy 96(1), 67385 Lignin

"':"'""' (phenalics)
Composition 30% 26%
of Biomass

{lignocellulose)

Cellubose
(glucose)

4%

ApPXLKOG XELPLOMOG TNG
Biopalag pe Oppavon,
€viupa f of€a yLa
npocfaocn otnv KutTAPivn

Hydrolysis

Goal: Break down cellulose into its
component sugars using enzyme
preparations

1
2
\\ ‘\
(1) A cefiulase =
\ enzyme breaks down ~

pretreated cellufose N
Cellulose
Cellulose molecule

fragments into double glucose \
O g PO N g o
R A A AXVA A

molecules (cellobiose), which are then
split by another celluase type (2) into
single glucose residues,

Celloblose Glucose
Cellulose is made up of double glucose molecules
(cellobiose).
Enzymas such as cellulases synthesized by fungi and b

work wgether to degrade cellulose and other structural
polysaccharides in biomass, Optimizing these complex systems
will require a more detailed understanding of their regulation
and activity,

‘Eviupa (ord pOKnTeG Kat
Baktipla) udpoAvouv thv
KUTTapivn 0€ ocAKXopQ

U.8. Dupartrvwnt of Enwrgy

Fermentation to Ethanol A

Goal: Convert sugars to ethanol
using microbes

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

Ta odkxapa propouv va
{upwOoUV ano pikpopLa
POG rapaywyn atbavoing



Bliokavoipa - BiovtileA

Nopaywyn Brovtile amo eAalokopka Guta
(ooyLa, eAatokpapPn, aAyeq)
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Image sources: Tilo Hauke, University of Minnesota, lowa State University Extension.



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 EVEPYELAKO HUTO TIOU
avamntUooeTol ToxuToTa
Kol KAALEpyYELTaL o€
edbadn akatdAAnAa yia
dUTA IOV TTAPAYOUV

feleloly

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

M. giganteus is mainly used as raw material for solid biofuels. It can be burned
directly, or processed further into pellets or briguettes. It can also be used as raw

material for liquid biofuels or biogas.
Wikipedia



H Ainavon ivat po evepyoBopocC mMPaKTLKN

* Tat KaAALEpyOU pEVA PUTA
xpeLlalovtal Alravon: KaALo,
dwodopo, alwto Kot ANAa BpeTtTIKA
oToLXELa

* To KAALo Kol 0 Pwodopoc lval un
QVOVEWOLLOL

*H ocuvBeon Twv alwtoUXWV
AUtaopaTwy eival evepyoopoc

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


http://hdl.loc.gov/loc.pnp/fsac.1a35070
http://hdl.loc.gov/loc.pnp/fsac.1a35070

H mpooAnyn Opentikwv ano etditkol¢ petadopeic
Uopeil va BeATLwOEel

ww w symplastic NHg* rhizo co endo peric xyl

apoplastic NH4* | | i
NH4+ ————— =
| AMT1;2 s =
\'v P NH4+
NHs  S=gh |”“ .
AMT1;1 AMT1;3 :
NH," il s = B Wb 5 O S N D
\ 4
NH,* =

AMT1:5 :41/

....LE TILO OLTTOSOTLKA CUOTAHLOTOL
netapopag




Ta alwtodeopeutikad Baktinpia, propLa,
OUVATTOUV cUMBLWTIKA oxéon pe Ypuxavon

H ZupBrwtik) AIwTodECHEUON HMOPEL VO AVTLKOTOLOTOEL
(touAayxiotov v HEPEL) TN XPNOoN XNHIKWV alwTtoUXwV Altnaopatwy !!

Alwtodeopeutikd pupatio

‘ :

MOAUOHOTIKO VNLATLO

)
lQQQ .

ReS

ESw ylvetaln
ZUMBLWTIKA
Alwtodéopevon
11



To opapo va LETAPEPOURE TN CUMBLWTLKNA OXECN OE
un-Yuxavon

Food for Africa,

Sustainability for the World.

More food for lower costs, sustainably.

The Vision of ENSA

Engineering Nitrogen Symbiosis for Africa

Engineering Nitrogen Symbiosis for Africa

2YMBIQZzH 2E ZITHPA



2TO)XOoL TNC Brotexvoloyiac putwv onpepa

Quta pe PEATIWHEVA XOPAKTNPLOTIKA TTOLOTNTOLC
(BloepmAoutiopoc o€ Brtapiveg, olbnpo k.a.)

[:J Quta pe BeATIWHEVA XOPAKTNPLOTIKA artodoont

D Quta yla topaywyn GapuUoKEUTIKWY Kol
AAAWV TEXVLKWV TTPOLOVTWV



H kakn dtatpodn kat n EAAewdn tpodnc:
€val TTAYKOGHLO TTPOBANHQL

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




Cassava: n Baowkn tpodn otnv Adppikn eivat ptwyn o€
OPEMTIKA GUCTOTIKAL

——

MolKAlo eVPEWC
KOAALEPYOULEVN

NEa TToLKIALOL HE

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. 2010. Plant Cell: tpc.110.077560.



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

EMIMAOUTIONOG HE VEVETLKN TPOMOTOiNoN

PUOQL pe avénuévn

OUYKEVTPWON ' '
clérpou 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).



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

+EUTAOVTIOUOC O
Brrauivn E kot oi8npo

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

Expression l 1

in endosperm
Phytoene Carotene B-Cyclase
synthase desaturase

GGPP —————> Phytoene ——> Lycopene ———————> [-Carotene
(Provitamin A)



MNapaywyn w-3 Kot w-6 Autapwv o&EwvV
o€ diayovidiaka puta

Consumers \
v y
Té .

5 2> .9
Fish  Foed Weem— M plams
Genetic
Engineering
:z?.,.s s,a
e ’}4‘“'.’\
s g e
% st —— & @
. Feed Microalgae and
Krill other microorganisms

Curmrent Opinion in Biotechnology

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

Sustainable omega-3 production Adarme-Vega, Thomas-Hall and Schenk



Duowka npoiovta - e€ELOIKEUMEVOL HETABOALTEC TWV
butwv
Tepméevia
DAapovoeldn

AvBoKuavivec
AAKaAoeLdn

n.X. Artemisia annua: TapAyeL APTEULOLVN, EVA ATTOTEAECHATLKO TPLTEPTIEVLO
yla TNV KatanoAEunon tn¢ eAovooiog

{ Artemisia Artemisinin

OL amalLTACELG YL
apTEULOLVN Eemepvolv
TNV mopaywyn

¥

AUCELC LEOW TNC
Blotexvoloyiog




Anpovpyla yevotunwv Artemisia pe auv€npnevn
napaywyn

The Genetic Map of Artemisia annua L. ldentifies Loci
Affecting Yield of the Antimalarial Drug Artemisinin

lan A. Graham'"", Katrin Besser’, Susan Blumer', Caroline A. Branigan', Tomasz Czechowski’, Luisa Elias’, Inna Guterman’,
David Harvey', Peter G. IsaacZ, Awais M. Khan', Tony R. Larson’, Yi Li’, Tanya Pawson’, Teresa Penfield', Anne M. Rae’,
Deborah A. Rathbone', Sonja Reid', Joe Ross', Margaret F. Smallwood’, Vincent Segura’, Theresa Townsend', Darshna
Vyas', Thilo Winzer!, Dianna Bowles"

TCentre for Novel Agricultural Products, Department of Biology, University of York, York YO10 5YW, UK.
2IDna Genetics Ltd., Norwich Research Park, Norwich NR4 7UH, UK.

«"To whom correspondence should be addressed. E-mail: iag1@york.ac.uk (1.A.G.); djb32@york.ac.uk (D.B.)
- Hide authors and affiliations

Science 15 Jan 2010:
Vol. 327, Issue 5963, pp. 328-331
DOI: 10.1126/science. 1182612



Mapaywyn AVTILKOPKIVIKWY EVWOCEWV OE KUTTOPO
Cantharanthus roseus

Missing enzymes in the biosynthesis of the anticancer
drug vinblastine in Madagascar periwinkle

Lorenzo Caputi’, Jakob Franke'", Scott C. Farrow', Khoa Chung’, Richard M. E. Payne'., Trinh-Don Nguyen', Thu-Thuy T. ..
+ See all authors and affiliations

Science 15 Jun 2018:
Vol. 360, Issue 6394, pp. 1235-1239
DOIL: 10.1126/science.aat4100



Napaywyn petoafoAttwv ko putiking Bropalog in vitro

T

http://www.alkion-bioinnovations.com



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

Aloyovidloka ¢putd yla mapaywyn npoioviwy

(molecular farming/ poplakn aypokaAALEPYELQ)

v EpuBoAla — Avtiowpata - aAAa QapUoKEUTIKA
npoiovia

v Blopnyovika evivpa

‘/Bton)\aoukd



Bepaneia unokatactaonc ev{ULOU

http://www.protalix.com/index.asp

Napaywyn ¢poppdkou
(ELELYSO) o€
KOAANLEPYELEG
KUTTAPWV KOPOTOU OE
Bloavtibpaotipeg

lAukooepeBpooidaon yia vooo Gaucher FDA 2012, Pfizer

ELELYSO™ (taliglucerase alfa):  http://www.elelyso.com/


http://www.protalix.com/index.asp

MAeovekTRpoTA

v MeyaAn Blopala Pe HUIKPO KOOTOC EMEKTAONC TTAPAYWYNC
v Amtouoia maBoyovwyv Kat pn ertbupntwv DNA aAAnAouxlwyv

‘/Oper'] LLETO-UETODPOAOTLKN TPOTIOTIOLNON MPWTEIVWV
(avadimAwon, amoBnkevon yla otaBepotnta, yAukoouAiwon)

‘/O kaBaplopog dev eival amapaitnTtoc



JKBP .............................................

Kentucky Who We Are  WhatWeDd Our Processes  OurPartners  JoinUs  Get In Touch
BioProcessing

A leading producer of recombinant proteins using tobacco plants.

Kentucky BioProcessing, Inc. (KBP) is a world leader in developing and employing processes to manufacture high-
value proteins using novel plant-based technology.



Kavadikn etatpla tov mapayet epBoAta (onwc AIDS/Ebola) o dputd kamvou

Our Plants Grow Siope

About PlantForm

PlantForm Corporation is a privately-held Canadian biopharmaceutical company focused on the rapid development and
production of specialty antibody and protein drugs using our proprietary vivoXPRESS® manufacturing platform. The
plant-based vivoXPRESSE system makes it easier, faster and less expensive to produce approved biologic drugs for
novel indications and new markets.

The company's vivoXPRESS® technology uses genetically modified tobacco plants to produce biopharmaceuticals in
fully contained greenhouse environments. Our plant-based technology delivers high drug expression levels and
mammalian-type glycosylation (to eliminate the risk of an unwanted immune system reaction). vivoXPRESS® also
provides the following key advantages compared to other fermentation systems for biologic drug production (e.g.,
mammalian cell culture):

News

» March 20, 2019

AntoXa Corporation awarded
federal government contract for
anti-nerve agent enzyme

Read More

» February 14,2019

India grants patent for PlantForm
antibody technology

Read More



Biopnyoawvika Evivpa

Avidin/ B-glucuronidase
trypsin

KUTTAPLVAOEC

EUAQVAOEC

urtepo&eldaon tng Ayvivng
a-oLLUAGoN

B-yAoukavaon

dutaon



IxvnAaowpotnta twv MO




Tavtonoinon éiayovidtakwv putwv

B Me PCR, pe ekKlvnTEC €€ELOLKEVLEVOUC

* yLa Ta yovidla mpoc €vBeon

® yLOL TOL CUVOPLOKQ

* yLa TTEPLOYEC OlmAa ota cuvoplakad (yia e€akpiPwon
evowpatwonc DNA tou popea)

e Avaotpodn PCR (IPCR)

B Me Southern avaAuvon yia tnv avayvwplon povadtlaiou
avtiypadou tou €vBetou yovidiou oto putiko yovidiwpa

B FISH (Fluorescence in situ hybridization)



Avaotpodn PCR (I-PCR)

YOVIOIWHUIIKO UINA

1234 567 8 91011121314 151617 181920

—_— N
=
10000 TéYn YovISIwHa- 5
3880 N TiIkoU DNA pe évu-
6000 ga Treplopiouou
5000
4000
3500
%5
2%%0 pépog tou T-DNA
META TNV TTEWN
1500
* | To UTT6AOITTO PEPOG:
Tou T-DNA perd v mé
1000 + * $ H nv meyn
750 f }
500 evCupIKA avTidpaon
NG Alydong
250

,

EKKIVNTEG

i

EVIOXUMEVA aAuoIdwWTN
TufpaTa DNA ~ avridpaon
TToAUpEPAONG




NMwc eAéyxoupe yia ITO

ELISA:

‘EAgy)xoc mapouoiac mpwteivwv nov ekppaloviol ano tn
YEVETLKN TpOMOnoinon

Ynép: Nfpyopo, $Onvao, xapnAng texvoAoyiag

Kata: E€eldikevon yia kaOe ¢putd, otaBepotnta npwTteivng

PCR:

‘EAgy)xo¢ yLa mapouvoia etoayopevou EéEvou DNA
Ynép: Tavtonotei dStadopetika IT putd, otabBepotnta DNA

Kata: AkpBa, xpovoBopo



Nwc eAéyxoupue yua ITO

‘EAeyxo¢ ywa ITO pe PCR:
1. AAecpa tpodNnc
2. E€aywyn DNA ano to ésiypa

3. ‘EAeyxoc deiypatoc DNA yLa alomioto
dutiké DNA

4. ‘EAeyxocg deiypatoc DNA yLa YEVETLKEC
TPOTIOTIOLOELC



AvaAucn anoteAEoHATWY

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
primers

6: GMO positive template with GMO
primers

7: PCR MW Ruler

o
OLPVNTLKO




TuoupPaivel otnv Eupwnn;

» KaAAlepyeitat povo I'T kahaumokl og lomavia kot MoptoyaAia

» [T nmpoiovta nou €xouv eykplOel yla eloaywyr otnv Evpwnn
yla xpnon we tpodLua N mpoobeta tpodiluwy:

e KavoAa (13)

 Bapfaxt(13)

e KoAapmokt (52)

* MNatata (1)

e Joyla (19)

e Zayapoteutho (1)



‘EAgyxoc yia ITO

e NopoOeoia

— HMA: 2Apavon tpodpwv “GM-Free” <5% I'T

— EE: 2Apoavon tpodwv “TT” gav >1% T

— lanwvia: ZApovon tpodpwv “I'T” eav >5%



Global Status of Commercialized Biotech/GM Crops: 2017 ‘ European Union ) «
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Figure 15. Biotech Maize Area in the European Union, 2006-2017, Hectares

Germany discontinued planting Bt maize at the end of 2008 and grew 2 hectares of Amflora potato in 2011. Sweden
grew 15 hectares of Amflora in 2011. Farmers in Germany and Sweden who had a positive experience with growing
Amflora in 2011 were denied the privilege in 2012 because BASF discontinued the development and marketing of
biotech crops for the EU because of the EU's hostile policy on biotech crops and shifted its research activities to

the US. Romania grew 145,000 hectares of RR soybean in 2006, but had to cease growing it after becoming an EU
member in January 2007.

Source: ISAAA, 2017



22 EUROPEAN BUSINESS ORGANISATIONS ASK THE EU
FOR PRO-INNOVATION RULES FOR PLANT BREEDING

CEMA é UNITING BEET GROWERS

European Sings o2/
Agricultural
, @ E'?'ﬂc Machinery
¥ e J = [EFFCA
' E F F A B EU rOpean . :ﬂ'gltgrs Ewropean Food & Foed Culturos Assocabion
‘ . Crop Protection
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Brussels, 23 April 2019: 22 European business organisations jointly call upon member states and the European
Commission to initiate a legislative change that provides innovation-friendly rules for plant breeding. The goal is
to obtain practical and science-based rules for products resulting from the latest mutagenesis methods that
foster public confidence and trust. This would unlock great potential for a high-performing, innovative and
diversified European bio-based solutions in sectors such as plant and animal breeding, agriculture, animal feed,
food, healthcare and energy thereby contributing to Europe’s resilience to climate change, and to benefits for
consumers, patients and the environment.
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Crosscutting activities

GMOs Related Publications

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



Lo JOINT RESEARCH CENTRE
C e Deliberate Release and Placing on the EU Market of GMOs - GMO Register

European Commission > EU Science Hub > GMOinfo - GMOregister

Deliberate Release and Placing on the EU Market of GMOs - GMO Register

http://gmoinfo.jrc.ec.europa.eu/default.aspx

E u R 1 http://gmo-crl.jrc.ec.europa.eu/

European Union Reference Laboratory

for GM Food & Feed
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Prevalence of undernourishment (percent) (annual value)
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Share of the population that is undernourished, 1995

This is the main FAO hunger indicator. It measures the share of the population that has a caloric intake which is
insufficient to meet the minimum energy requirements necessary for a given individual. Data showing as 5 may signify a
prevalence of undernourishment below 5%. Regional aggregations are based on World Bank regions and exclude
high-income countries. They may therefore differ from UN FAQO regional figures.

T
L 4 e

Share of the population that is undernourished, 2015

This is the main FAO hunger indicator. It measures the share of the population that has a caloric intake which is
insufficient to meet the minimum energy requirements necessary for a given individual. Data showing as 5 may signify a
prevalence of undernourishment below 5%. Regional aggregations are based on World Bank regions and exclude
high-income countries. They may therefore differ from UN FAO regional figures.

T
. e

<s% 20% 50% »80%
Nodata 5% | 35% | 65% |
I I
Source: UN Food and Agriculture Organization (FAO) CCBY

Note: Developed countries are not included in the regional estimates since the prevalence is below 5%.



T ggs T 00s 2016

The setting

‘ Population, total (mln) 57515 6 542.2 7 550.3
Rural population, total (mln) 3173.8 33151 53735
Govt expenditure on ag (% total outlays)
Area harvested, crops (mln ha) 1168.9 12543 1384.8
Cropping intensity ratio 0.8 0.8 0.9
Internal renew. water resources per cap (m3) 6 900 5740
Land area equipped for irrigation (1000 ha) 271 826 310118 334 272
Agric. area actually irrigated (% agric. area)
Employment in agriculture (%) 41.3 35.2 26.7
Employment in agriculture, female (%) 42.7 37 27.5
Fertilizers use, Nitrogen (1000 t nutrients) 89 805.8 110 182.4
Fertilizers use, Phosphate (1000 t nutrients) 38 763.4 48 578.4
Fertilizers use, Potash (1000 t nutrients) 29 584.2 38 743.7
Agr value added per worker (constant US$) 1631 2 243 3542
Hunger dimensions
Average dietary energy supply (kcal/cap/day) 2753 2 904
Average dietary energy supply adequacy (%) 115 120
Dietary energy supp, cereals/roots/tubers (%) 52 50
Prevalence of undernourishment (%) 14.5 10.9
Prevalence of severe food insecurity (%) 10.2
GDP per capita (US$, PPP) 8125 11698 15 080
Cereal import dependency ratio (%) -0.6 -1.0
Stunting, children under 5 (%) 29.3 22.7
Wasting, children under 5 (%) 55

Safely managed drinking water (% pop using) 66.1 71.2



T esE 005 2018

roauction indices = )
Food 77 100 129
Crops 76 100 132
Cereals 84 100 125
Vegetable oils 63 99 150
Roots and tubers 84 101 121
‘ < Fruit and vegetables 69 100 137
Sugar 89 97 134
Livestock 81 100 120
Milk 81 100 123
Meat 81 100 117
Fish 86 100 125

Net trade (mln USS$)

Cereals and preparations

Fruit and vegetables

Meat and meat preparations
Dairy products (milk equivalent)

Fish

Environment

Forest area (% total land area) 31 31 31
ﬂ { Agricultural area (% of total land area) 38 38 37

Freshwater withdrawal (% int renewable) 9.0

Terrestrial protect areas (% total land area) 14

Organic area (ha)

Wood pellet prod. (thousand tonnes) 29 668

‘ Emissions in agriculture (CO2 eq Gg) 4 600 615 4 838 132 5294 156

* et emissions In land use T 866 670




