EMIXEIPHEIAKO NMPOTPAMMA , EznA
EKMAIAEYZH KAI AIA BIOY MAGHEH =% -1 14

SN gy iowvivi , 2007-2013
E _ npéypoppo yio v avimugn

YNOYPFEIO NAIAEIAL KAl OPHIKEYMATAQON EYPOMATKO KOINANIKO TAMEIO
Evpwmaikr) ‘Evwon EIAIKH YNMHPEZIA AIAXEIPIZHZI

33 0LV A Xi

Evpwmalikd Kowwviké Tapeio

Me tn ouyxpnuarodotnon tng EAAadag kan tng Evpwnaikric Evwong

NMPOrPAMMA AIA BIOY MAOGHZHZ AEITIA THN
ENIKAIPOINOIHZH TNQZEQN AMO®OITQN AEI
(NMErA)

«O1 oUyxpoVveg TEXVIKEC Blo-avaAuong oTnv uyeia, mn

veEwpyia, 1o TTEPIBAAAOV Kai T dIaTPOQH »



20yxpoveg Texvikég Blo-avaluvong otn MFewpyia kat to MNeptpaiiov

BlotexvoAoyia kat BeAtiotomoinpeva Qutika Mpoiovta

K. NamadomouAou

ITpoypappa Emxaiponoinong I'vooewv Anogoitwv AEI (ITETA) *



H yewpyia eival pia moykoopia «ropnyxovio»

MNoapoywylkotnta putwyv - SUVOULKO Tou uToU:

Tpodn \

/ Blokauolpa

2ITNPECLA v (kd XnNULKEG Evwoelg



Emtotiun twv Qutwv kat MpokARoELC Tou 21°%° Awwva

/7

s  E€aodaAion tpodnic yla tnv KaAL PN TnE Taxvtatng avénong tou

TIAYKOOULOU avBpwritvou mAnBuacpou

/7

s A0&non tng PUTIKAG Tapaywyng UTto Ta SeSOUEVA TNG KALUOTIKAG
aAAaynG LE LElwWON TWV ELOPOWV OTN YEwpPYia (KALLOTIKA aAAayn-

npootacia neptBaiiovrtog)

/7

s  E€aodalion emapkouc /Kot eVIOXUHEVNC TPOPNG yLa HElWON TNG

gudaviong xpoviwv acBevelwv otov mAavntn (vyeia)

/7

s Avaykn yla Tapaywyn EVEPYELOC ATt OVOVEWOLES TINYEC (aeldopia

Kol TtEpLBAAAOV)

R

¥ Mapaywyn Blompoioviwyv avénuévng mpooTtBEpevng agiog



Werld pepulatden, Ellllens

Aucnon Tou avBpwTrivou TTANBUCUOU TTAYKOOHiWG.

/
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. 1950 (2.5 61c) :
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1 |
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[Twg avauéveTal va emMITEUXOEI augnan TNG QUTIKAG

TTapaywyng / Biopadag;

Me Tnv avatrTu¢n/onMioupyia UTWYV TTOU

gival avOeKTIKA oTNV ¢npaacia | o€ AAAEC
KATOTTIOVNOEIC

QATTAITOUV AIYOTEPEC EI0POEC KAl VEPO
gival avlekTIKa o€ TTaBoyova / exBpoucg
gival TTIo OPETTITIKA
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BeAtlwon putwv
* JTPOATNYLKEC TPOTOTIOLNONC YOVIOLWUATWVY

e KAaown BeAtiwon
— EmAoyn emBupntwy XapaKTNPLOTIKWY (MANBUOULOKE YEVETLKA)
— Eloaywyn VEwV yovISLaKwV XopoKTAP WV
e Texvoloyiec uBpLdlopou
— AlootaupoUpeVn €mkoviaon

— lotokaAALEpyela (oUvTnEén MpwTomMAAoTWV

 Moplakn BeAtiwon

e Texvoloyiec petadopac DNA

favenioTiiio 8ecvailg,



Kotaywyn Twv KaAALEpYELWV

Central Maxic-::-\\

- -

0 il
Yangzi and Yellow River Basins
/ - ¥ Al 9000 BP
\\ - : ‘;
5000 — 4000 BP N

. \ A A
nia’ o/ New Guinea highlands
\ ; L) . ) - N ‘_J

1**-».-?3\,& 9000 - 6000 BP
Northern South America \ L%

Approximate limits of prehistoric agriculture
{deserts, mountains, etc., not differentiated)



Texvntr emAoyn otnv olkoyEvela Brassicaceae

3
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...0TNV viopata

...0TNV TWItEPLA



O €pevuvec tou Mendel amoteAolv

1
IoTnNniiINnNC TNC
ILLU LI [T N LN

VEVETIKNC Kal TNC BeAtiwong Twv

- -

MPAZINH EMANASTASH
(1940-1960)

Norman Borlaug

1914-2009,
Nobel Laureate
1970

B
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Yriapxouv TOANEC
TEXVLKEC KAQOLKNC
BeAtiwonc
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* 1ix: Mass selection )




EPLOPLOMOL TNG TEXVNTNC ETMLAOYNG

* [eplopilleTall OTO YEVETLKA XOPOAKTNPLOTLKA TTOU
uTtapxouv NdnN ota KaAAlepyoUpeva €L0n

* Melwon Tng evpwoTiac Twv opoluywv Kot inbreeding

favenioTiiio 8ecvailg,



BeAtlwon putwv
* JTPOATNYLKEC TPOTOTIOLNONC YOVIOLWUATWVY

e KAaown BeAtiwon
— EmAoyn emBupntwy XapaKTNPLOTIKWY (MANBUOULOKE YEVETLKA)
— Eloaywyn VEwV yovLSLaKWV XOpOoKTAP WV
e Texvoloyiec uBpLdlopou
— AlootaupoUpEVn €mkoviaon

— lotokaAALEpyela (oUvTnén MpwTtomAaoctwy)

 Moplakn BeAtiwon

e Texvoloyiec petadopac DNA



Elocaywyn VEWV XOpOKTNPWV:
YBpLdLopoc

KateuBuvopevec HLAOTAUPWOELC
(otauvpoemnikovioon)

— KaAAtepyoUpevn molkiAla e Eva yoveQ

— JUYVYEVLKEC TIOLKLALEC ) €LON pE
ETMOUUNTA XOPOKTNPLOTLIKA
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favenioTiiio Geovalgy
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| f First crossing

Q'”I

ALOOTOUPWOELC LLE TOV EVal
YOVEQ yLaL TN HETAdOPA TOU
emBupntou yapoaktApa

Third crossing l l ,I
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Meplopiopiot tou vBpLSLGHOU

Meplopiletal og putd mou pnopouv av vPBpLdlotouv otn puon
ALOOTOUPWOELC OE OTEVA CUYYEVLIKA £16N
— ALOOTOUPWOELC OE ATIOUOKPUOUEVO YEVETIKWC £LON
e Mkpn mapoywyrn CTEPUATWVY
* Ta uBpidLa elval cuyva otelpa

Metadopa kal pn ertbupntwyv xapaktnpwv (Aoyw cuvdeonc)
favenioTiio Geovalgy



Eloaywyn VEWV XopaKTnpwV:
YnEpBaon Twv avamapoywyLKwVv GpayLwVv

e KoaAAlEpyeLleC HUTIKWV KUTTAPWV
— Aldowon euPpuou
— 2UVTNéN MPWTOTAQOTWV
— MKpOTOAAATIAQLGLALGLOC

Jwuotika EuPpua, Sitka spruce

B



20VTNEéN MPWTOTIAQOTWVY




The Tourmal of Horedipe @7 123 128 JOT4

Interspecific Hybridization by Protoplast
Fusion in Nicotiana

Confirmation and exlension

H. H. SMiTH. K. N. Kao, AND N, C. COMBATTI

favenioTiio Geovalgy



Interspecific protoplast fusion for the transfer of atrazine resistance from Solanum nigrum
to tomato (Lycopersicon esculentum L.).

Jain, 3. M, E. A, Bhahin, and 3. Gun, 1985, Interspecific protoplast fusion for the transfer of atrazine
resistance firom Solanum nigrum to tomatie (Lycopersicon esculentum L.). Flanf Celi, Tissue and O gan
Crlfure, 12: 159-192.

Atramne reststance was successhully transferred from 5 mgnim (2n = 4z = 48] to tomato o,
WEZ6 by protoplast fusion i the following combinations: (1) 5. mgrum with tomato; (2) TV -
radiated =, mignam with tornato; () T -irradiated 5. nignaimn with iodoacetate treated tomato;
atd (4) backfiuzsion of tomato with a somatic hybrid. In all, & somatic hybnds were 1dentified
by ther glutamate aspartic arminotransterase [aspartate armmotransterasze] isoenzyme banding
patterns. The fiasion hybnd from vanant 4 estubated a new 1soenzyme band with & mobality (Ef)
value of 0.41. Eesults from this hybrid indicated that the 5. mgnim genome was partial by
ehrminated and the tomato genome partially transferred. It 15 thought that several backfisions
may result m an atrazine resistant tornato plant with no 5. mgrim genome.

favenioTiiio 8ecvailg,



«Wide crosses» avapeoa og €l6n evieAwc
QTIOLOLKPUCLEVAL YEVETLKA: LECW oUVTNENC TTPWTOTIAQLCTWV
KOlL olVvalyEVVNON LOTWV

Brassica juncea (Pb') x Thilaspi caerulescens (Zn' & NIY)

favenioTiio Geovalgy



percent oil

‘ Erttdoyn eMBUNTWVY YEVETIKWY XOPOAKTNPWV

16
14
12
10

=T SR S -

high il

|y ail

10 20 20 40
generations of selection

50

percent pratein

24
21
18
15
12 ~

high protein

low protein

0 10 20 30 40 50
generations of selection

B



Avarmtuén notkiAlwv pullov kata tnv Mpadoivn emavactoon

ApPXLKEC TIOLKIALEC- TTATPLKA PuTA
woo-gen (6&€La)

dee-geo-woo-gen, 10 omolo €ixe tnv sdi
LETAAAQEN

favenioTiiio 8ecvailg,



Rice Domesticat

0

Changbao Li, Ailing Zhou, Tao Sang®

Hed_ucing Shattering

by

Crop domestication freguently began with the selection of plants that did not naturally shed ripe
fruits or seeds. The reduction in grain shattering that led to cereal domestication invelved genetic
loci of large effect. The molecular basis of this key domestication transition, however, remains

unknown. Here we show that human selection of an amino acid substitution in the predicted DNA
binding domain encoded by a gene of previously unknown function was primarily responsible for
the reduction of grain shattering in rice domestication. The substitution undermined the gene

functior necessary for the normal development of an abscision layer that controls the separation

of a grain from the pedicel.

ereals, the world's pnmary food, were

domesticated  fom wilkd mss species.

Becmse wild gmsses naturally shed
mature gmins, a necessary early step towand
cereal domestication was 1o select plants that
could hold on to ripe grains to allow effective
fiekd harvest (£, J) (fig. 51). The selection pro-
vees mizht have heen mamly imronscions he-
cause gains that did not fall as easdy had a
betier chance of bemg harvested :nd planted in
the following years. Consequently, nonshattenng
alleles kad an moreased frequency and eventual-
lv replaced the shatermg alleles during domes-
tication. The finding that one locus accounted for

Two previous QTL studies wing crosses
betwemn O satfva ssp. indica and the wild
perennial species O agipogon detected four
amd five shattering OTL (&5, 9. Both studies
wentified a QTL at the same location of shd
with either the larpest or nearly lagest pheno-
typic effect among the detected OTL. Mone-

ower, penehe amalysss hatwesn () sativa s

japonrica and O rufipogon and two other close-

Iy melated wild species O glumaepetla and O
mieridionaliz all found that a singde dominant
allele from each of the three wild species was
responsible for grain shattenng (A0, £F) This
locus, memed S22, was mapped o the same

evaluation. By progressively examining 85K and
SNP {single-nucleotide polymorphism) mark-
ers between RC4-121 and BEM2BD, we finalby
mapped the mutation responsible for the den-
vation of nonshattering in cultivated rice to a
1.7-kb regiom of a pene with a previously
unknown function (Fig. 1B and table 51). The
gene 15 predicted to be a transenpion fador,
and its coding region is physically located be-
teeen M014305 and 34012126 hase pairs
(bp) on assembly LOC Owld 257330 of nce
chromosome 4 (The TIGE Rice Genome An-
notation Database),

The comparison of the 1.7-kb sequences
between the mapping parents revealed seven
mutations (Fig. 1C) These include one muta-
tion in the intron: (2) a 1-bp substitution; three
mutations in the first exon: (&) a 155p or five-
amino ackd insertion/deleton, (c) a 3bp or
one—aming acid msertion/deletion, and (d) a
I-bp or an amino acid substitution; and thres
mutations 5" upstream of the start eodon: () a
I-bp substitution at site -55, ( /) a 3-bp msartion’
delation between stes — 343 and — M4, and (g
an R-bp mserton'deleton between ales —558
and —559

To assess the polymorphism and evolution-
ary direction of these mutations, we sequencead
this 1.7-kb region from an additional 14 nee
cultivars representing the diversity of O satha
(14, 21 weessions of O mivara covenng the

favenioTiio GeovaAlgq.
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Moprakn levetikiy — Moplako

c i D

(marker-assisted selection)

XPNOLUOTIOLEL TOUC HopLaKkoUc Seikteg: ouvnBeotepa
elvall eva tunpo DNA ) kol piial YnULKnN «€Tiketay (tag)
TIOU CUOYXETI(ETAL LE VOl ETILOVUNTO YO POKTH PO

v emuloyn XOPOLKTNPLOTLKWV-OTOXWV LLE LLLKPN
KANPOvVoUNoLUOTNTA 1) UTTOAAELTTOMEVA YoVvidLa

vouyxpovn petadopd TOMwWVY  yoviSiwv Tou  ival
uTteVBuvVa YL TOo 1610 N TTOPOHOLA XAPAKTNPLOTIKA OE pia
(«rtupapida yovibiwv»- gene pyramiding).

favenioTiiio 8ecvailg,



Anpoupyia olKIALWY pullol AVOEKTIKWY O KATAKALON

IRB&-SUbT -~
Samba-Subl IH4S9E30 (Sub1)

RG4S Samba W 2
IR493830 l; b1 1

IR49830 (Subl ) & e
1 ) IHEA4 7

|AG4-Suk = e
- IRB4-Sub

Samba-Sub1 ;
= IR42 s e IR42

IR4983I0 [Subi)
(Subl) IR64-Subi

} IR45830 (Sub1)

Samba-Subi




ZUyxpova cuotipota popLlakng BeAtiwong

Ffovibwwpatikn EmAoyn (Genomic / Genome-wide Selection GWS)

Pedigree 7 r
) sequence OLVOLAU OVTOL Ta daALVOTUTILKAL
Geographic Phenotypic server , ,
Data Dta XOLPOKTNPLOTIKA KOl Ol HopLlakol
Germplasm vakes ~ OELKTEG OE OAOKANPO TO yovidiwpa
| MEUOVWHEVWV PUTLKWV CELPWV KOl
KOTOTILV yivetol mpofAedn yua toug
QTTOYOVOUC EVOC nAnBuaopuou
BeAtiwonc

W

Model application on next generation germplasm

Gaenotyping GEBVs SELECTION

Figure 1. Schematic diagram depicting the steps involved in

the use of genomic selection in a plant breeding program. Y\avenioTiiio Gecoadiq
GEBVs, genomic estimated breeding values. A
Carbera-Bosquet et al, 2012



Avaotpodn BeAtiwon

Landsberg

WT doubled haploids

(with crossovers)

Chrur‘rr:rmme

Heterozygote

Columbia

RBE doubled haploids
(without crossovers)

[IIIII lulul Anfiul

Chromosome

1 2 3 4 5

I||I||II il I “

ol [[[{

Reconstructed heterozygote

Winjker et al, 2012 ,Nature Genetics

A) Anuloupyia evog
gtepoluywtn OMOoU N
LKAVOTNTA LELWTLKWY
avVO.oUVOUACoUWY ELVOL
KQATOOTAAUEVN

(B) Fevotumoc St-amAosdbwv
LE TTOpOUCLA 1N
avVaoUVOUAOUEVWV
XPWHOCWHUATWY

(I') Frevotumocg 21
SLaPOPETIKWY YEVOTUTIWV UE
nARpn amnouvoia
AVO.oUVOUACUWY

B



OQLUTOMOTOTIOLNMEVEC TEXVOAOYLEC KATAYPADAC TWV
boWVOTUTIWY OE HEYAAN KALHLOLKOL

www.lemnatec.com
www.phenofab.com

favenioTiiio 8ecvailg,



Alepelivnon NG YEVETLKNG Baonc Twv GaLvoTUnwV o€
duoLkouc MAnBuaopoug

- — R R pummelo

i (]
H———
J—i—i—".i_ﬁ_n_i.
Il . . r-1, -2  mandarin
a — H—— A rp MNavelina
— .L-_f. ! Valencia
i TR e 3
: nn_ % — N
. r-2, r-2 OTAT
5 e HF : T RCP-2, r-1 OTAS
hd ? T
—_ - Mara (1)
o i § RE-2, r-2 OTA3
D HD-H——— Tarocco
 Yom— g T 72 Moro (UK)
A | 9
& (H " ; - . RC-3, r-2 Jingxian
1 Kb L ]
—_—
Figure 6. Maps of Structures of the Ruby Locus in the Different Citrus Species, Orange Accessions, and Hybrids.

favenioTiio GeovaAjge.

Butelli et al, 2012 The Plant Cell, Retrotransposons Control Fruit-Specific, Cold-Dependent Accumulation of A
Anthocyanins in Blood Oranges



Texvoloyia Avacuvduacpévou DNA Kol YEVETLKE) HNXOVLKI

Plasmid

Gene Cloning

by Bacteria_

4-Restriction -Gene of
sites interest

Restriction enzyme\.

-—

Base pairing andl Sticky ends

DNA ligase
Recombinant plasmid |
=" Transformation

—~

Bacterial
reproduction

Bacterial clone carrying copies of the foreign gene

- coli Foreign DNA

favenioTiio Geovalgy



Wild Relative  Crop Plant Wild Relative Crop Plant

Genetic Engineering

Conventional Breeding

B



H texvoloyia avacuvdbuaopevou DNA
Kol BeAtiwon putwv

Mropet va epappoobei o OAa ta €idn putwv
ETtpEMeL TNV Apeon HeTOPOPA LEUOVWUEVWV
emBuNTWV yovidiwv

Artatel plor peEBodo petadopac tTwv yovidiwyv ota

dbuTika kOTTOOO
Yv - ‘“VV‘

w wWivNWS N

Amtaitel kUtTOpa tou Ba pmopouv va
emavadnNLoOUpPynoouv Eva oAOKANPO GuUTO aro
LELOVWLEVA YEVETLKWC TPOTIOTIOLNHEVA KUTTAPO

favenioTiiio 8ecvailg,
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OMAoduvntuikotnta (totipotency):

OAa ta puTKA KUTTPOA SLATNPOUV TO YEVETIKO TOUC SUVAULKO
KOlL UTTO TLC KATAAANAEC oUVONKEC UIMOPOUV VO TO EKGPACOUV.
Eivat &6nAadny Sduvatov va amodladopomnoinbouv kat va
MOPAYOUV OAOUC TOUC KUTTAPLKOUC TUMOUC KoL apa va
avamntuxbouv ek vEou o€ TIANPEC UTO.

favenioTiio Geovalgy



lotokaAALEpyera — KuttapokaAAlEpyela putwv

3
o



OPENTIKA HEoA KUTTOPOKAAALEPYELOC PUTWV

BooLKQ OUOTATLKA

[1] anapaitnta otoxela A LETAAAKA LOvVTa (ouvnOwC pe TN popdri CUUTTAOKWY UELYUATWV
oAATWV)

Makpoaotoiyeia (alwto, kaAlo, uayvnoto, ewaopopog, acBeatio, Jeio,xAwpto)

Ixvootoiyeia (uayyavio, twbio, xaAkocg, uoAuBdéevio, Yeubapyupoc, aidbnpocg)

[2] opyavikd cupmAnpwpata/ avéntikol mapayovteg (Brtapivec-Jetauivn, tvoottoAn,
QULVOEEQ, TIEMTOVEG, OPUOVEG, |IAA, INA)

[3] mnyn avBpaka (cuvriBwc coukpoln aAAd kat YAUKOIN, LaAtoln, copPLtoAn, yalaktoln)

favenioTiio Geovalgy



Duto-avéntikoi puBLOTEC

Avaloya pe tn ductloloyikni toug Spaon Slakpivovtal oe:

[1] avéivec (kuttapodiaipeon kat avénon- empnkuvon BAaotwy kot puwv/emaywyn
avBnong/ avénon peyEbouc kaprwv/ kaBoplopog duAou)

[2] kuToKLwviveg (kuttapodlaipeon)

[3] yiBBepAALveg (KuTTAPLKN EMLUAKUVON- KaBoplopoc Upoug putol/ emaywyn
kKaprodopiac)

[4] apnowlko oL (avéntikol avaotoleic) (avaotoAn Kuttapodlaipeonc-amokonn
dUAAWV KoL KOPTIWV)

[5] atBuA&vio (€Aeyxoc wpipavong kapmwv, Anboapyoc)

favenioTiio Geovalgy



Kuplec DutoopHOVEC

/\

QUEIvEC KUTOKLVIVEG

AOMLKA OpOLEC HE adevivn

e e
i“:’ Q?

[Mapaywyn Kupiwg o€ akpaia Zeatin
UEPIOTWHATA [Mapaywyn Kupiwg o€ auavouevoug
(UTIKOUG 10TOUG, pilec, EMBpuUAQ,
KQPTTOi

avéivn < KYTOKININH - BAactoi

AY=INH > kutokwivn = pilec .
flavenioThiio Seooalia,.

avéivn = kutokwivn =2 ano-dtadoponoinon ?@\



TOmot KuttapoKaAALEpyELac puTwv

@ KAaAAog

M KaAALEPYELEC KUTTAPLKWY olwpNUATWYV (YYPEC KOANEPYELEC DUTLKWV
KUTTAPWV)

1 KaAALEPYELEC TIPWTOTIAQLOTWVY

=1 KaAALEpyelec plwv

1 KaAALEpyelec BAaOTWY (LEPLOTWHATWV)
7 KaAALEpYELEC EUPPLWV

7 KaAALEpYELEC HKpooTiopiwy (Yupnc A avenpwv)

favenioTiio GeovaAlgq.



KaAAog: pada pun opyavopuevwy, adladopomoinTtwy KUTTAPWY HE LKOVOTNTO YPryopns
av&énong kat Evtovng dlalpeong




*QewpnTKA KABE TUAMA dUTIKOU LotoU (“€kduTto”) umopel va peTatparnel o
KAAAO UTIO TLC KATAAANAEC OUVONKEC KAAALEPYELAC
e Me ePLOSLKEC AVOKAAALEPYELEC SLaTNPELTOL CUVEXWC
e Aev €xeL tn duvatotnta pwrtoolvBeonc
e O puBuOC avamntuénc tou kKaAlou eEaptatal amo
TO £160¢ TOoU duTOU,
TO YEVOTUTIO TNC TOLKLALAL,
N $UOCLOAOYLKN KaTtAotaon Tou Ekdutou,

TLC OUVONKEC KAAALEPYELAC

favenioTiiio 8ecvailg,






Anpovpyia vypnc KAAALEPYELOG PUTIKWV KUTTAPWV

‘Ekdputo KotuAndovag K&AAoc 2 eBSopddwv KaAAog 3 eBdopadwv

Yypn KaAALEpYELa ETEPOTPOPLKWV KAAAWV Yypn kaAAépyerta pwtopt{otpodkwv KAAAwv

(MS, 3% ooukpoln,0.5 mg/l 2,4D, 0.05 mg/I kinetin, (MS, 3% ooukpoln,5 mg/l IBA, 0.5mg/I 2ip,
pH 5.8 pH5.8 NP —

XapaAaumidng, Atdaktopikn Alatplpn i i"‘ !



NpwtonAdoteg: GUTIKA KUTTOPA XWPELG TO KUTTAPLKO TolXwHAa, TO omoio adalpeital ite pe
NXOWVLKO £(TE —KUPLWG- KE EVIUULKO TPOTIO (KUTTAPLVACEG KAl TIEKTLVACEC)

JUVTNEN MPWTOTAQOTWV: ANULOUPYLA CWUATIKWY 1 KUTTOPOTIAACUATIKWY EUPPLWV

3
o



KaAAépyeleg puwv: pogpyxovTal amno Ekputa akpopL{lou, 0 OXETIKA ATTAQ BpEMTLKA

14
pEOQ

KaAAiépyeleg akpaiwv BAaoTkwY peplotwpatwy (opbaApwv). H kopudaia kuplapyia
urnopel va Eemepaotel mapouoia KATAAANANG OUYKEVIPWONG KUTOKWIvVNG Kol va
OXNUOTLOTEL CUMTAEYHA OTTO OVATITUGCOUEVOUC BAQOTOUC

- n KUpLa pEBodoc pikpomoAlamAactaopol/ KAWVIKAG Ttapaywyng Gutwy in vitro

favenioTiiio 8ecvailg,




KaAMépyeleg aveﬁpwv- wC¢ €kduTa Ypnotlpomotovvtoal arAoeldeic LoTol ya

I I
napoywyn eLBpuou n KaAAou.
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Artateital n adaipeon Tou KUTTAPLKOU TOLXWHATOC TOU avOnpa
Mn wpLun yupn: KAKAALEPYELO TOU APOEVIKOU YOUETOPUTOU yLa TNV mapaywyn

euBplovu

Emttuyyavetol
n rmapaywyn anAostdwv
Kal St-amAoeldwv putwv.

Kaldaepyeu
avipoy

g

AVEyEVVIGT]
amhoELSoNg
Amhoe1dEg QuTol
puth
Egappuoyt
| ®okgkime

1oLyt STTAoEbwY
hosibn gu
mo avenp

Opoliymto
Smhosidig
puTo
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Avaygvvnon putwv

1 OpyoavoyEveon

7 Zwpatikn EpPpuoyéveon

favenioTiiio 8ecvailg,



Opyavoyéveon: napaywyn uTKwv opyavwv anevBeiag and to €kputo i ano tov KAAAo.
EvaAAaktikad enwyeveic opOaApoi, ol omoiol avantucoovtol o€ KAAALEPYELEG BAaoTwV Kot
oKpaiwv n pooxoAlaiwv opOaApwv, eniong pmopouv va 0dnynoouv oTtnv ovoyEvvnon
OAOKANpwWV putWV

* PupOiletal anod ta CUCTATLKA TOU OpEMTIKOU MECOU Kol KUPLwE TG avaloyiac avéivng:
KUTOKWivNG

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



Enaywyn kdAAou o€ 16T KOTUANSOVWVY Enaywyr) BAactoyéveonc




MAeovekTRpoTO-
EdpapLovEC TNG in vitro kaAAEpyeLag puTwv

e[lapaywyn vylwv GuTwy, ATAAAAYUEVWY ATIO AOOEVELEC

eTayutatn mopaywyn Heyaiov apBpol putwv He i8Llo YyevoTuTo UE
LULKpOTIOAAQTTAQCLAC O

e Anuoupyia anAoedbwyv putwv

e AlaTAPNON YEVETLKOU UALKOU

e[lapaywyn putwv Twv omoilwv n avarntuén eivat SUCKOAN amo onopo.

e Mopaywyn GUCIKWY TPOLOVIWV ATtO UYPEC KAAALEPYELEC DUTIKWY KUTTAPWV
e Anuioupyia VEwv UPBPLOLWV aTtd YEVETIKWE ATTOUOVWHEVA £LON

e Emtitevén opoluywrtiog os npoypappata BeAtiwong

WWDWQ‘.
e Avayegvvnon dlayovidlokwyv putwv ?@\



Agrobacterium tumefaciens

Gram-apvnTiko pakThpio TnG p1{éopaipac
TaBoyovo: utteUBuvo via Thv acBévela Tou 'KopwvoToU KAAAoU' |, n oTroia

e¢aptdral amé Tnv mapouaia Tou Ti (tumour-inducing) mAaouidiou aTo A.
tumefaciens,




- To A. tumefaciens
TPEPETAI HE EKKPIVOHEVEC
ouaiec Tn¢ pilac Tou
PuUTOU

* HOAUVEI PEOW TPAUPATIOHEVWY |
IOTWV TOU QuTOU: ‘
TO QYUTO mapdyel oTIC Ooeig
TpaupaTiopoU evwoelg (popia-
ovidAa), onweg n
AaKETOOUPIYYOVN

cocn, To pakrtnpiakd Ti wAaopidio

A TAPAYEl KAl UTodOXEIC Yia
AUTEC TIC EVWOEIC KAl TO
pakTnpilo KiveiTai

XNHEIOTAKTIKA TTPOC AUTEC —

R

F

N\
CH,0 OCH,
Ol

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




T-DNA
TTEPIOXN

KUTOKIVivVNn

KATABOAICNOG
OTTIVWV

0éon Evapéng
TNG AVTIYPAPNG

z
o



+ T0 T-DNA opioBereital ano euBEwe emavaAapPavopeveg
aAAnAouxieg 25 bp
eravaAappavopeva ouvopiaka Left Border- LB
Right Border- RB
+ Ymapxouv dUo d1aPopeTIKOi TUTOI TAAOHIdiWwV
NomaAivne (éva ouvexéc Tunpa 22 Kb)
T6(6/A)CAGGATATAT(-/T)6(T/6)(6/C)6(T/G)GTAAAC
OkTomivng (0Uo Tunpata 14 kai 7 Kb: TL kai TR)
(C/TYGGCAGGATATA(T/A)C(A/C)A/G)TTGTAA(A/T)T

TAAGTCGCTGTGTATEGTTTETTTE (Toverdrive” / evioxuTtic)

favenioTiiio 8ecvailg,



Movidia onc (oncogenes)
‘Tovidia auxA (tmsl1/ iaaM) kar auxB (tms2/ iaakH) :
Tapaywyh Tng auivng, (vdoAuA oiko ofu (TAA)

- Dovidia cyt (tmr/ ipf) :
KWOIKOTIOIEI YIA TRV 1I00TTEVTEVUAIKRA Tpavgepdaon (TTapaywyn KUTOKIVIVAG

Movidia wapaywyng omivwy (ocs)

oTiveg: Tapdywya apgivoéwy / aypoTiveg: Tapdywya aakxdpwyv
oKToTivn R voraAivn (kai pavvorwivn, aypomwivn, @POUKTOTivN)

favenioTiiio 8ecvailg,



Proc. Natl Acad. Sci. USA
Vol. 80, pp. 4803-4807, August 1983
Genetics

Expression of bacterial genes in plant cells

(plant protoplasts/transformation/foreign DNA /antibiotic resistance/selectable markers)

ROBERT T. FRALEY, STEPHEN G. ROGERS, ROBERT B. HORSCH, PATRICIA R. SANDERS, JEFFERY S. FLICK,
STEVEN P. ADAMS, MICHAEL L. BITTNER, LESLIE A. BRAND, CyNTHIA L. FINK, JOYCE S. FRy,
GERALD R. GALLUPPI, SARAH B. GOLDBERG, NANCY L. HOFFMANN, AND SHERRY C. Woo

Monsanto Company, 800 North Lindbergh Boulevard, St. Louis, Missouri 63167

DeBlock M,Herrera-Estrella L, vanMontagu M, Schell J, Zambryski P. 1984. Ex- pression of
foreign genes in regenerated plants and their progeny. EMBO J. 3: 1681-89

Paszkowski J, Shillito RD, Saul M, Man- dak V, Hohn T, et al. 1984. Direct gene transfer
to plants. EMBO J. 3:2717-22




NH H
NHQ—Ié—NH—(CHg)g—(ID—COOH
AH
CH3—(|3—COOH
,L

Octopine

NH H
NH2—|C|—NH—(CH2)3—(|3—COOH
NH
HOOC—(CH2)2—(:3—COOH
H

Nopaline

favenioTiio Geovalgy
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Phenolics
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Aiadikaoia peTapopdc kair evowpatwonc Tou T-DNA

XNHEIOTAKTIKA avayvwpion Béocswv TpaupaTiopgoU ToUu @uUTOU atmod OTou
EKKpivovTal popla-oividAa. TlpookdAnon Kdi  dATOIKIONOC HE Tn
HegoAdPpnon Twv attR (moAvoarxapitng), chvA & B,chvB (KUKAIKEC B-
12-yAukdveg, pscA (0oUKIVOYAUKAVH) XpwHOOWLIKWY yovIOIaKwy TOmTwvY

Emaywyn tng mepioxnc tolikéotntac vir: H virA mpwreivn (HeuPppaviki Kivdon-
uUTtodoX£dC) auTOPWOPYOPUAILWVETAI Kal €veEPYOTIOIEl TNV virG Kai n TeAsuTaia o0Aa
Ta utTtdAoITta yovidid Tou peyouAoviou

Anpiouvpyia- mapaywyhn tou T-DNA ocupmAdkou: amokomh amd To Ti mAaopidio
pHovokAwvng aAucidac (T-DNA strand) ota ouvopiakd (LB & RB) amoé 1i¢ D1/D2,
ouvdeon pe D2/E2

Metagopd Tou T-DNA/D2 kai tn¢ virE2 oto kUTTapo EevioTh péow e1dikoU
HeuPpavikolU cUOTAUATOC EKKPIONG

MeTagopd Tou T-DNA strand/D2 otov muphiva (o1vidAo TtupnvikoU evToTTiGHOU
D2, E2). Evowpdtwon otnv xpwuativn (VirE2 oe ouvepyaoia pe VIP1 & 2 Tou
@uTOoU Kail importins, cyclophilins) pe "avopBédofo avacuvduaoud” (illegitimate
recombination) vt Secii

R



Bacterial
Selectable
marker

favenioTiio Geovalgy



1

ON/OFF Switch Makes Protein

PROMOTER INTRON CODING SEQUENCE

Plant Selectable -
Marker Gene

Plasmid DNA
Construct

bacterial genes
«antibiotic marker
‘replication origin — \

College of Agriculrural, Consumer and Environmental Seiences
VHIVERSITY OF ILLINGEF AT VR R-CHRRIFRIGH

stop sign

poly A signal
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ZUOTATLKOL TIpoaywyEeic ota dtayovidiaka putd

npokaBopilouv tnv €kdppacn Tou yovidiou oe 6AouC oxedOV TOUC LOTOUC O€ TTapATIAN oL
enineda avetaptnta ano avamntuélakoUc Kat EPLBAAAOVTIKOUC TTAPAYOVTEC

Mapadeiyuata

35S amno CaMV (16¢ Tou pwoaikol Tou Kamvou): BavIKOG yia Ty Ekdpacn Twv yovidiwv
eTLAOYNC Kol avadopag

nos (ouvdaon tnc¢ voralivng), ocs (cuvBaon tng oktomivng), mas amnod Agrobacterium

ubiquitin I (kaAopumnoki) / actin (pul) yla povokoTtula

PupOuopevol katd cuvOnKn MPoaywyeig

‘/ lotoeldkol
‘/ Emaywpevol

‘/Avantuﬁtou(oi R —



Metapopdpwon dutwv peow tov Agrobacterium

KAwvormoinon tou yovidiou (i TULAMATOC Tou) otn ntoAuduvaun B€on
KAwvortoinong tou katadAAnAou dopea

Elocaywyn tou yovidiou oe eva katdAAnAo otélexoc Agrobacterium tumefaciens

2UV-KOAALEPYELOL TOU TPOTIOTIOLNLEVOU YEVETIKA A. tumefaciens e ta KATAAANAQ
EkpuTa PUTWV ATTO Ta oTtola pTtopEel va tpogABouv oAokAnpa duta

KaAALlEpyeLla EkPUTOU, APXLKWE OTNV TTAPOUCLO KATIOLOU PaKTNPLOCTATIKOU

o pAyovTa 1Iou mapeUnodilel Tnv avamntuén tov Agrobacterium aAAd OxL TwV
dUTIKWV KuTTApwWV (T1.X. cefotaxime) ko o€ mapayovta emAOyng yLa TV emloyn
TWV UETOUOPDWHEVWV DUTIKWY KUTTAPWY/ TUNUATWV

EmttAoyn Twv avayevwnUEVWY GpuUTWV yLa TNV Ekppaon Twv SEKTWV EMIAOYNAC N
avadopag

Avarmtuén Twv amoyovwy Twv PETOHOPPWHEVWY GUTWV Kol KABoPLoUOC TNG
KANPOVOULKOTNTOC TOU eloaxBEvtoc yovibiou S

v 2100€p0¢ HETAOXNUATIOHOC PUTWYV ?@\
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BouBapdiopnoc cwpatidiwv

(BloAlotikn, BopPopdiopoc npoetoxwv, EMITAXUVTHC CwHATIOlWY, yovidioko

OTAO, OTIAO cwHATIOLWV)
XpAon EMITOXUVOLEVWY PE PEYAAN TaxUTNTA CWHATIO LWV —Ttpoe€oxwV (armo xpuoo
N BoAdpapulo) ota omoia cuvdeetal to DNA npoc petadopad £ToL WOTE va

dlarmepvwvTal ol EEWTEPLKEC KUTTAPLKEC OTOLBAOEC 1] TOL KUTTOPLKA TOLXWLOTAL KOl
va eloepxetal to DNA oto kuttapo

Firing pin

Gunpowder
cartridge

Projectile

DNA-coated
pellets

Vent————

Stopping plate

Target cells

Figure 15.3

| DNA Particle Gun. The DNA particle gun, developed by John C. Sanford of Cornell University, fires ligeakmhio eocalg,
| pellets coated with DNA into plant cells. The pellets are held by a plastic microprojectile, which is accelerai

by a gunpowder charge. The plate stops the microprojectile; momentum sends the DNA-coated pellets into 1

target. The instrument shown is the Biolistic® system from Bio-Rad, but other instruments using variation:

| this basic principle have been developed.
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Jwpatibla xpuoou
ETUKOAU LLUEVOL LLE
DNA

Kuttoplkod toiywpa
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BouBapdlopoc cwpatidiwv

Duokeg mapapeTpol mov Aappavovrat unoyn

o

* YNULKA ovotaon cwpotdiwy

» pEyeBoc kol oxnua cwpatdiwy (0.6-1.2 um)

» TaxUTNTO cwHaTdlwy (emttayuvon, armdoTach oTtoxou, KEVO)

aplOpoc pkpoodatlpldiwv ava povada eloaywyns (tkovorotntkn KaAvdn
TOU KUTTOPLKOU ETUIESOU OTOXOU KOl ELOXWPNON OTO KUTTOPOTIAQCLLOL KOlL TOV
nupnva Xwpic tnv umtepPoALkn VEKPWON TWV EMLPAVELAKWY KUTTAPLKWY LOTWV)
** OLAUETPOC OTOXELUONC

o

o

/
0’0

BLOAOYLKEC MAPAUETPOL TTOU AapPdvovtat umoyn

& anmopaltATwE KUTTAPA 1 LOTOL e SUVOLLKOTNTA OVAYEVVNONC

(UEPLOTWUATIKOC LOTOC N EkuTa TTou BouBapdilovtoal Kol KATOTTLY EMAYWVTAL YL
eUBpuoyevean n kuttapa kaAdou kat euBpuoyevwyv kaAdiepyetwy, EuBpua, yupn)

& 0tddLo KUTTAPLKOU KUKAOU

& Soun kot péyeboc DNA avenariso e
& ouykévipwon DNA (bead-loading rate): uéxpt 5 ug/ mg cwuatidiwv ?@\



Boupapdiopoc ocwparidiwv

MAeovekTRpato

b Amoteleopatiki Kot ylo otabepd UETAOXNUOTIONO (HETapdOpdwon)
KUTTAPWV- LOTWV —0pyavwVv aAAd Kol opyavidiwyv (XAwpOomAAOoTEC)

b AMOTEAEOUATIKA) OE TEPUTTWOELC OTOU OL GAANEC TIPOOEYYIOELC
QTTOTUYXAVOUV

LY. “FUETANOPPWON HOVOKOTUANSOVWY puTwv
in planta petaoxnuatiopog BAaotwv N avBswv pe BouPapdlouod
LEPLOTWHATWY

MelovekTpota

8 moA\am\oTnTa TWV EVOETEWV
F avakatatdaeic Twy eloayFéviwy yoviSiwv

‘EvBeon w¢ single copy event, plasmid concatamers, interspersed clusters

favenioTiio Geovalgy
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Metapopdpwon xYAwponAactwyv

Novidiwpa nAactidiwv (plastome- ptDNA)
0 XTo avwTtePA GUTA TTOAU CUVTNPNUEVO, UE ULKPN TTOKIAOpOpdla oTnV opydvwaon Kol th
o 120-130 yovidia avrikouv o€ U0 KATNYOPLEG:
yovidia tou yevetikoU cuvotripoatog (FRNAs, tRNAs, ptoowuikeg urtopovadeg, RNA
oAU EPAON)
yovidla pwtoouvOeonc
o ovidla opyavwpEVa o€ oTtEPOVLA KOl EKPPaOK) TOUC 0€ TIOAUKLOTPOVIKA MRNAS

MEBoodor LeTadppwons
Boupapdiopoéc cwpartidiwv
(popeig ou emiTpémouv opdAoyo avacuvduaopo pe 1o ptDNA)

B



NMAEOVEKTALATA VEVETIKNC LETOLOPPWONC TAACTLOLWYV

0 YynAa enineda Ekppaong npwteivwv (HEXPL Kat 46% TN OALKAC SLAAUTAC
npwTteivneg) Aoyw tn¢ peyaAng moAumAosidiac tov ptDNA (m.x.10-14
VOUKAg0oeLdn ava YAwpomAdaotn, LeExpL kat 100 YAwpomAAoTEC ava KUTTAPO)

o Amnouocia enyevetikwy emdpacswyv (yovidiakn oilynon, enidpaonc 6€onc)
o TomoB<tnon noAAamAwv yovidiwv o€ omepovia

o KAnpovounon mAaotidiwv amo to ONAUKO yovea Kol OxL Ao tn yupn

Melovektnuata- MpoBAnuata

O TIEPLOPLOKEVOC OPLOUOC EOWV elval ETUOEKTIKOC 0€ HeETAHOpdWaN
XAwpornAaotwv (Kamvoc, TOUAT, ATATA, Brassica napus, Oryza sativa pe TToAG
TPOPBAAMATO YOVILOTNTOC KOl ETEPOTIAQCULOC)

0 arattouvtoL TTOAANEC YEVEEC O€ KUTTAPOKAAALEPYELQL TIPLV TNV ATIOKTNON
VEVETIKA otaBepwv Slayovidlakwyv dutwv

favenioTiio Geovalgy
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Sena delivery
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T Salechon

Raganaration n

Y
T
Mdmugmmn Artadoldn TwV YoVIOLWUATWY AypLOU-TUTIOU Kall
and ragenaration gyKaBiSpuon YEVETIKAC TpOTIOTOLINONC O KAOE
avtiypodo Tou YAwPOTAACTIKOU YOVIOLWUOTOC OF
KABe pUTLKO KUTTOPO :
OuotorAaopia (homoplasmy)

shoot proliferation and rocting
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2uvOeTIKEG NoukAedoec yia Movidtwpotiky Mnxoviki

(b)  Zinc-finger nucleases (ZFNs)

~9nt ~ 9 nt
() TALENSs (d) CRISPR/Cas9
ﬁPﬁh:ﬂ;GﬂDtif
VA2, \ VAR I N/ ,\ N
5
Cas8 '
' ~ 15 nt k ' ~15nt h sgRNA
: 20 nt "
(+ PAM motif)

gvowpatwon Me akpifera O€onc tov emBupntov
YEVETLIKOU UALKOU o€ TIOAU KalBopLlopEveg OEoelc pEoa
oto yovibiwpa (genome editing)

T



Awayovidioka Qutd oTto EUNOpPLO

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

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

“Other”
GM crops

B



BlotexvoAoyikec epappoyec- A

Atayovidlokd Qutd pe BEATIWUEVO OYPOVOULKA XOPOKTNPLOTIKA
‘/AVGEKUKétnta o€ (W{avioKTova

‘/AVGEKtLKétnta o€ Eviopa

‘/AVGEKUKétnta o€ aoBeveleg (BaktripLa, LUKNTEG, Loi)

‘/Avroxr'] o€ TEPLPAANNOVTLKEC KATATIOVOELG
Figure: The pipeline of GM crops from early R&D to commercialization

Commercial
GM crops

II:Dth erl!
GM crops

Earlier R&D Advanced Regulatory
stages R&D pipeline

B
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1.

ZTPATNYLKEG

Amntotoélkomnoinon Wlov

W .

N GUTIKAC MPoEAELONC

arapaltnTeC LOLOTNTEC Yovidlwv

4.

aroAutn eelbikevon

|J.OVOVOVL5 LAKOG XApaKTNPAG Agv givon anapaitnto va yvwpilovpe
va LNV analttel moAunmAoka cuveviuvpa Tov tpémo Spdong

KA VUK KLVNTLKNA

armouaoia ToéLKOTNTOC TOU IPOTOVTOC aviidbpaonc

Yriepmapaywyn tnS duoLoAOYLKAC, LN-TPOTIOTIOLNUEVNC TIPWTEIVNC-OTOXOU

Tpormormnoinon tTng mpwTteivng-otOxou

yvwotn n Broxnuikn 6€on dpaong

duvaTtotnTa OTN LOPLOLKN UNXAVLKN TpoTmomnoinong?
EVTOTILOMOC O€ UTTOKUTTOPLKA Slapepiopata
noAupepn evivpua

Evioxuon tn¢ amotoélkomnoinong amo evOOyEVELC UNXOVIOUOUC Tou putou

(kutoxpwua P450, petadepaon S tng yloutaBelovng , GST) ﬂ&m%



AvOektikdtnta oto glufosinate
(phoshinopthricin)- BASTA

H.C /O H C
/
TP A _Ala bar / pat OH
"o \H/g

0O peptld ase
acetyltransferase
NH,
. Phosphmothrlcm O
Bialaphos . N-acetylphosphinothricin
(glufosinate)
competitive
inhibition
L-glutamate L-glutamine

otpatnykn 1: elcaywyn yovibiwv amotolkonoinong laveniTiiio Gecoaiog
BAKTNPLOKAC TIPOEAEUONC ﬂ&



BLOGUVOEGH QP WHATIKWY AULWVOEEWV POGPOPIKN EpLOPON  POSPOEVOATLPOGTAPVAIKO 0ED

ST e

+

GIKLUIKO

v
v

Shikimate 3-phosphate ‘

glyphosate | | l EPSP cuvdon
5 eVOATTLPOGTAPVAGIKILL —3-POCPOPIKO
Chorismate
Anthranilate Prephenate
¢ Arogenate
Tryptophan Tyrosine Phenylalanine




|\

ndup

Bolig

with

Roundup Ready*
Cotton

Roundup Ready Soybeans

gard
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AvOektikotnta oto glyphosate

oTPATNYLKA 2: UTtEPEKDPOON KN TPOTIOTIOLNEVOU duTLKOU Yovidiou

[TGamvsss | eictr

Petunia EPSP synthase cDNA

oTpaATNYKA 3: UTtEPEKDPOOT TPOTIOTIOLNMEVNC TPWTEIVNG-0TOXOU

v

Pet CTP

Pet N

E. coli mutant EPSPS

Y I o

A tumeiaciens

SR

Maize mutant EPSPS T10211 P106S

CBERE
o



‘/AvesKrLKétnra o€ évtopa
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AvOekTikOTNTA € EvIOoua

S10AY®YT] YOVIOI®V aktnplakng tpoeAevong

B. thuringiensis:

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




ZTPOTNYLKEG

gLoaywyn yovidiwv BaKtnplaknc mpogAsvuong

*TIPOKAAOUV WOUWTLKA AUON EMONALAKWY KUTTAPWYV TOU EVIEPLKOU CWANRVA TWV

EVIOLWV
Kapia enintwon og aAAoug opyaviopoug

eToUAa)LotoV 40 S1apOPETIKEC OLKOYEVELEG YOVLSLWV

favenioTiio Geovalgy



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

= Gene silencing




AlayoviSlaka (puTa 21)¢ YEVIAG

) SVOWPEVUEVA YAPAKTIPLOTIKA avOekTIKOTNTAG
o€ QCaVIOKTOVA KAl EVTIOUA

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

& EEdAenpn yovidiwv emAoyng (avBektikotntag oe avtiflotika)

] “EOvika” mpoiovia

IT.x. Bt Huahui-1 xan Bt Shanyou Shanyou-63 p0Q, Huazhong Agricultural
University, Kiva
Bt Paufaxt ko Bt brinjal (eggplant) , Ivoia

favenioTiio Geovalgy



2To)Xol TNG BrotexvoAoyiac putwv oUEPA
“food, feed, fiber”
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H avamntuén twv putwv avaoTtEAAETAL Ao TNV Enpaocia

Areas of physical and economic water scarcity

=] Linteor nowater scarcity
I Physical water scarclty
[ Approaching physical water scarcity
- Economic water scarcity

[ Motestimated

Source: IMWI report, Insights from the Comprebensive Assessment of
Water Management in Agricutturs, 2006 / pB
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Yriopxel avaykn ylot KAAALEPYELOL UTWV UTIO CUVONKEC
KOLTATIOVNONG

YynAn Bepupokpoaoia
Kal Enpaocia HeELwVEL
™ PuTIKA Mapaywyn

‘

Auénuévn anaitnon yla
KaAALEpYNOLUN VN

N

Artopidwon dacwv avéavel

neploootepo 1o CO2 NG
nTlmn'rhmnnr

‘a
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H aAAayn evoc Kat Hovo yovidilou auéavel Tnv avioxn
otnv &Enpoaoia

Drought-resistant

Wild-type CMEDDHE mum

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

Activated expression of an Arabidopsis HD-START protein confers drought tolerance with improved root system and reduced

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)
stomatal density. Plant Cell 20:1134-1151. m



Eva peyaAltepo plllko cloTnpa CUVELCHEPEL OTNV AVTIOXA OTNV

¢npooia
Drought Drought
Wild-type tolerant  Wild-type tolerant

\

B WT

Seedlings Mature plants

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.

favenioTiio GeovaAlgq.
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Development
in crop

Proof

Gene for
of concept

drought
tolerance ongoing
identified

moss gene

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

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

Earlier R&D Advanced Regulatory Commercial
stages R&D pipeline GM crops
IKOth Erl‘
GM crops

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

E e Aancad  Reguiatory  Gommarca
Cnmml in Cumi;rg\al pw“ﬁepalatu]r ~  Advapead
Trait category® 00 Fipeline developmert Total by 2015*
Insect resistance 2 11 25 59
Herbicide tolerance 11 b 4 13 33
Product quality© 2 1 b 12 20
Virus resistance 5 U 2 3 10
Abiotic stress tolerance 0 0 1 = 7
Other \ 0 / \ / 2 11 13

0
ApaBooiTog, TrepIEXONEVO O€ AuTivn

#Apaﬁéonog, avOeKTIKOTNTA O¢€ ¢npaocia (cspB, Bacillus subtilis)

-Pull, avOekTIKOTNTO O€ MUKNTES / 10UG / Enpacia/ aAaToTnTa
-ApaféoiTog, apuAdon/ eutaon
-Mardra, apuAotrnkTivn/ PYV avOeKTIKOTNTO

-2oyida, TpotroTroinMéva AIrrapa (EAaIko / oTEapIOOVIKO — w-3-)
AVOEKTIKOTNTA OE VNMATWOEIG

-Matata avOeKTIKOTNTA 0€ HUKNTEG/ TPOTTOTTOINMEVO AMUAO
-Golden Rice




Ta roAvetn putd mpooAapBavouv BpemTikd oTolxeiokal vEpO KAAUTEPQ ATTO T

Photo credit: Jodi Torpey, westerngardeners.co:

kKaAAlepyouueva putd

H diaoTaupwaon
KOAAIEPYOUUEVWYV QUTWV
QUTA UTTOPEI va
EAQTTWOEI TNV €CAPTNON
TOUG O€ VEPO Kal
NITTGouara

Thinopyrum intermedium
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H Aitravon gival pia evepyofopa Auon

* Tat KaAALEpyoU eV puTa
xpeLlalovtal Alravon- KaALo,
dwodopo, alwto Kot aAAa BpemTika
oToLXEla

* To kKAALo KoL 0 pwodopoc lval pun
QVOVEWOLLOL

*H ocuvBeon Twv alwToUXWV
ALtaopatwy eival evepyoBopa

Photo credits: Mining Top News; Library of Congress, Prints & Photographs Division, FSA-OWI Collecti(}{]’w
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H npocAnyn Bpentikwv ano edkouc petadopeic pmopei va
BeAtuwOel

=== symplastic NHs* rhizo endo peric xyl

..€ TILO ATTOSOTIKA CUCTAHOTA
HETODOPAC

Yuan, L., Loque, D., Kojima, S., Rauch, S., Ishiyama, K., Inoue, E., Takahashi, H., and von Wiren, N. (2007). The organization of high-affinity ammonium uptake in
Arabidopsis roots depends on the spatial arrangement and biochemical properties of AMT1-type transporters. Plant Cell 19: 2636-2652.
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...L€ TN SnuLoupyia Blo-aoBntNpwv

Ot avaykeg tou putol uTo TI¢ SLAPOopEC
ouvOnkec replBaiAovtoc pnopouv va
Kataypadovtal Kot va yivetal avaioyn
npoooapuoyn otn dltaxeiplon Twv
KAAALEPYELWV

3
o



2To)Xol TNG BrotexvoAoyiac putwv oUEPA
“food, feed, fiber”

[ J®utd pe avBekTikOTNTA 0 ABIOTIKEG KATATTOVIOLIG: Enpaocia /
aAatotnta / eMenpn OpenTik®wv oTotelwv — KUplwg N / P

dvuta pe avBektikotnTa 0 A0OEVELEC

Blokavowa

IHepBarrov kat Aewpopikn I'ewpyla

3
o



Y10y o1 NG ProTEYVOAOYIAG PUTOV CTIHEPA
“food, feed, fiber”

Aypovouikd YapakTnploTiKa:
avOektikotnTa o€ acbeveleg (Lvknteg, Paktnpia, 101)

Qi¢avia

ex0poi

avlpwITog

ao0&veleg
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Puown apuva putwv
= AvOTopLKA YapaKktnplotkd (peArol, knpot K.T.A.)
= [IpooYNUATIOUEVOL LETABOAITEC KAl XNULKN TtpooTaCiO
(avtipikpoBLakec mpwteivec, .x.defensins, devtepoyevelg
uetaBoAitec, putoavtioutiveg kot putoaAe€ivec)

= Emoywpeva cuotnuota

= ALOLOUOTNUOTIKA aVTOoXN

favenioTiio Geovalgy



Fovidia avOektikotntag R kat avtidpaon unepevaicOnoiog HR

Pathogen Pathogenesis genes
(=) (=) (=H(C=)
Avirulence
geneproduct
Resistance
gene
product 4 N ( N ( A A
Resistance Disease Disease Disease
\ O\ O\ J J

(a)

(b)

(c)

Plant cell

(d)
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ALlCLOTNUATIKA AVTOXN

= Emiktntn avOektikotnta (SAR)
= Emaywpevn avBektikotnta (ISR)

Signals to other plants ?
The release of
volatiles as signals

e

Intercellular signal generated-SA
passes through plants vascular system

parts awayfrom the
initial site of infection

Signal transduction through
the plant to generate SAR

3
o



2TPOTNYLKEC yLa “Otapkn” avOekTikoTnNTA

= “tupapida” R yovidiwv (marker-
assisted selection)

it.x.Oryza sativa — Xanthomonas

oryzae pv oryzae, Yriepéyovto Inoculated with fungus Not e
yovibia Xa21, Xa4 kat urtoteAn inoculate
xas, xal3 Resistant I Susceptible

= 0TOXOC cuVTINPNUEVOL avirulence
loci

T.X.Bs2-avrBs2, munepLa-
Xanthomonas campestris pv.
vesicatoria

Song, J., Bradeen, J.M., Naess, S.K., Raasch, J.A., Wielgus, S.M., Haberlach, G.T., Liu, J., Kuang, H., Austin-Phillips, S., Buell, C.R., Helgeson, J.P., Jiang, J. (2003)
Gene RB cloned from Solanum bulbocastanum confers broad spectrum resistance to potato late blight. Proc. Natl. Acad. Sci. USA 100:9128-9133.



Phytophthora infestans -
TTATATA

Puccinia graminis tritici-
oITap!




MeTaoUAAEKTIKN QUOIOAOYIa

Photo credits: Cornell University ; ARC



METAGUANEKTLKEG N e Rese )

ANWAELEG GTAVOUV TO N

50% tng mapaywyng g 3]
— 8 2- Days = -0.106 + 0.6937(GS)

Ay 2 ]

|_

.D._

0 1 2 3 4 5 6 7 8 9

Greening Scale

«Tpaciviopa» TTaTATaC AOYyw TNG
ooAavivng, To€Lkr o€ LEYAAEG
OCOTNTEC

Aspergillus mold growing on corn kernels.

Photo credits: Dr. C.M. Christensen, Univ. of Minnesota.; WSU; Pavalista, A.D. 2001
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Figure: The pipeline of GM crops from early R&D to commercialization

E e Aancad  Reguiatory  Gommarca
Cnmml in Cumi;rg\al pw“ﬁepalatu]r ~  Advapead
Trait category® 00 Fipeline developmert Total by 2015*
Insect resistance 2 11 25 59
Herbicide tolerance 11 b 4 13 33
Product quality© 2 1 b 12 20
Virus resistance 5 U 2 3 10
Abiotic stress tolerance 0 0 1 = 7
Other \ / \ / 2 11 13

0 0
ApaBooiTog, TrepIEXONEVO O€ AuTivn

ApaBooitog, avlekTIKOTNTA O€ Enpacia (cspB, Bacillus subtilis)

-Pull, avOekTIKOTNTO O€ MUKNTES / 10UG / Enpacia/ aAaToTnTa
-ApaféoiTog, apuAdon/ eutaon
-Mardra, apuAotrnkTivn/ PYV avOeKTIKOTNTO

-2oyid, TpotrotroinMéva AIrrapa (EAaiIko / oTEApPIOOVIKO — w-3-)
AVOEKTIKOTNTA OE VIHATWOEIG

-Matata avOeKTIKOTNTA O€ HUKNTEG/ TPOTTOTTOINHMEVO AMUAO
-Golden Rice
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KUTqulm TOIXWHATA TWV

SAan = nEmmuuos “. "V 4 _—‘.A.

UTIKWYV KUT IUPWV

ArtotedoUvtal Kupiwg amo vdatavOpaKeg KoL
TIPWTELVEC.

Middle {
Lamella

|

Cellulose
Microfibril
Primary
Cell Wall
Plasma [~ ~\ Hemicellulose ) )
Membran;E To 6EUTEPOYEVEG TOLXWHA

neptAapfavel Ayvivn

Soluble

Protein ) credit: www.wpclipart.com/plants; Zhong, R., et al., (2008) Plant Cell 20:2763-2782 .
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To ¢UNo atroTeAEi Baoikr TTPWTN UAN JE TTOANATTAEC XPNOEIC

‘Evduon

Kataokeuég Kal
ETTITTAQ

Rembrandt van Rijn (1631)

Tveg kavvapng
Kal AIvapl

favenioTiio Geovalgy
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Photo credits: Chen Lab; IFPC

MowktAiec BapBoakiov erMAEYOVTOL OE TTPOYPALLLLATA
BeAtiwonc yla avOekTIKOTNTO 0€ £XBpoUC KAl KAAUTEPN
noLotnTa tvag
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To yovidiwpa NG AeUkac gival dIaBEaiuo

Pulp bleaching

The dark colour of the pulp is mainly due to residual lignin.
This is removed gradually during bleaching.

After cooking Oz Bleaching



Biokauoiua- AiIBavoAn

Aladopa cakyopa Kot
KuTtapivn pmopouv va
{NHUwBoULV Mmpog
mapaywyn atboavoing

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

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




Kuttapika
ToIXWHOTA
atro
apaBooTio
Kal aAAa
QUTIKA
UTTOAEiypaTa

Lignin

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

Cellulose

Cellulose molecule

OH OH OH OH
g S N S
; o 3 Q
HO OH OH HD OH OH
y-—W L |

Glucose

Cellobiose

Cellulose is made up of double glucose molecules
(cellobiose).

A7
24

L
L]
Pretreatment
D EEEE————a

Hemicellulose




Blokavoipa-BlovtileA

Noapaywyn Blovtile amo eAalokopka puta
(ooyia, eAatokpappn, alyec)
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Image sources: Tilo Hauke, University of Minnesota, lowa State University Extension.
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Ta «evepyeloka» GUTA SLaPEPOUV W TIPOC TO TIEPLEXOUEVO TOUC OE
XPNOLUEC TPWTEC UAEC yLa apaywyn Blokavoipwyv

[ Cellulose O Xylose
[0 Hemicellulose @ Arabinose
M Lignin ] Galactose
o H Mannose
Corn stover
Wheat straw Rice straw Miscanthus
Sorghum Sugar cane Switchgrass

&

Hardwood Softwood
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Miscanthus giganteus:
EVOL EVEPYELOKO HUTO TIOU
OVATITUOETOL TOXUTATA
Kol KaAALEpyEiTal o€
ebadn akataAAnAa yia
bUTA-TIAPAYWYELC
TPONG

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

Bo

I

(LwV pmopouv va apay

Blokauat

O TNV apaywyn

/4

ATt

(ue Tnv meplooela tng Propadlag my aélomoinon Atyvivng)

Primary Product

Value Added’ Products
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Plant resource % Hemicellulose = % Cellulose | % Lignin

[ *Typical aromatic

polymer containing:

24-33 45-52 9-13 | Syringyl ©
C

c
s
H,c0” ~F “OCH,
26-33 37-32 17-18 P
Guaiacyl

()

| & |
31 37 18 ‘“\f"’“‘gcus

=

I

c

:

16-22 42-48 21-27 |
H

Depending on the
bioresource and
isolation method-
24-28 39-45 23-52 ology, molecular

weights for native
lignin have been

| reported from
78,400 [in spruce
{778)] to 8300 [in
Miscanthus (779)]
g mol', which are

23 4 i derived from C8

monolignols as

L described in Fig. 2.

4
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Chemical building blocks for

4 Plastics

¢ Industrial additives
/ © Biomedical applications

pp————
/ ,..a-‘""fﬁ_.

Cellulose & //

Hemi-cellulose et

A

3

: g ngmn recovery
Lignin 54 conversion by

Aromatics thermachemical
Resource or bialogical W
methods

Ethanol or
Advanced Fuels
i ‘.‘h
_ Fungible \
Carbon Fiber
Praduction :
Products in
o Fuiels
wrer ~ - Composites
* Plastics
- Chemicals
/
Conversion

Ragauskas et al, 2014
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2To)Xol TNC BrotexvoAoyiac putwv cUEPA

“food, feed, fiber”

duta pe feATiwUEVa YApAKTNPIOTIKA TTO10TNTAG
(BroepmAovTiopog oe Prrapiveg, 010N po K.a.)

duta pe feATiwuEVa YApAKTNPIOTIKA ATOd00NG

TPOMOTTOINOoT peTafoAouov
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H kokn Statpodn kot n EAAewdn tpodnC: Eva TAYKOOULO

N

—m ADY) s~
POpANMa

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




Zoé Harcombe
BA. MA [Cantab)
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BeATiwon Tou TTEPIEXOUEVOU O€ BPETITIKA CUCTATIKA OTA PUTA UTTOPE! VO
BonBnosi 114\ :)\)\mum / Kmm ﬁlnTnnmn

| il B Bt

Vitamin A deficiency

-:.""’f,“i

_.,.5

Anemia (young children)

-

_E-w_dﬁ‘r"

ol
...............

Image sources: Petaholmes based on WHO data; WHO
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Cassava: n faoikni
TPO®N TNV APPIKN

gival TwxnN o€ BPETTTIKA
ouCTaTIKA

MotkAla EVPEWC
KAAALEPYOU LEVN

NEa motktAia pe

aUENUEVN TLapaywyr
Brtapivneg A

favenioTiio Geovalgy

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.



EUTTAOUTIOMOC LE YEVETLKN TPOTIOTOLNON

,)@W“'

_‘;’“‘“’}

PO pe avénpévn
OUYKEVTpWON olbrjpou

NTOUATEC UE QUENHEVN
OUYKEVTPWON OVTLOEELO WTIKWV
avBokuavivwv

Golden Rice

Photo credits: Golden Rice Humanitarian Board © 2007; Credit: ETH Zurich / Christof Sautter; Reprinted by permission M

from Macmillan Publishers, Ltd: Butelli, E., et al., Nature Biotechnology 26, 1301 - 1308 copyright (2008).



= 25 mg/g B-carotene

+EUTTAOVTIONOC OE
Brrauivn E kan oiénpo

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

Daffodil \ Bacterial ; Daffodil \ -y |
phytoene carotene lycopene KF
synthase desaturase B-cyclase
gene (psy) gene (cril) gene (foy)

Genes introduced 1 I’

into rice genome

Rice .. .. -
(]Chromos:)tm&ps Y

Expression

in endosperm
Phytoene Carotene [-Cyclase
synthase desaturase

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



A0&non 169X otnv moootnta a-KAPOTEVIOU,
6X aokopBLKoU o&€og ko 2X PoAlkol 0€€og

/k/\)y\/g/-\)ww&( Fhylome

;
CRTI

l {carotensa desaturase

MMW

Lympene WY

l Lycopeneg cyclase

B D-Man-P

N

Méow omovOuAwTN¢ petadopdag DNA 00 v !

Navgi et al, PNAS, 2009
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Enrichment of tomato fruit with health promoting
anthocyanins by expression of select transcription factors

NMATURE BIOTECHNOLOGY VOLUME 26 NUMBEE 11 NOVEMBERE 2008



Nopaywyn w -3 Kot w-6 Aumapwv ofewv o dlayovidlaka putd

oil

i

Cl:m su mers

o

Genetic
Engineering

Ba |
) "i%"-*.r. ‘j\ﬁ
‘ ,ﬁ...ﬁ £,
% 4t el — 4: 58
' _ Feed Mlcmalgae and
Krill other microorganisms

Current Cpinion in Biotachnology

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

favenioTiio GeovaAlgq.

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



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

E e Aancad  Reguiatory  Gommarca
Cnmml in Cumi;rg\al pw“ﬁepalatu]r ~  Advapead
Trait category® 00 Fipeline developmert Total by 2015*
Insect resistance 2 11 25 59
Herbicide tolerance 11 b 4 13 33
Product quality© 2 1 b 12 20
Virus resistance 5 U 2 3 10
Abiotic stress tolerance 0 0 1 = 7
Other \ / \ / 2 11 13

0 0
‘ ApaBooiTog, TrepIEXONEVO O€ AuTivn
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-2oyid, TpotrotroinMéva AIrrapa (EAaiIko / oTEApPIOOVIKO — w-3-)
AVOEKTIKOTNTA OE VIHATWOEIG

-Matata avOeKTIKOTNTA O€ HUKNTEG/ TPOTTOTTOINHMEVO AMUAO
-Golden Rice
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TepmEVLIQL

CH,

HiC CH,

Pinene

s e, pom,

Image sources: Calvero; Wilhelm . uuiie, 5 vivor v snui wwns, ssen@n A. Rawlins, University of Georgia







Paclitaxel



PaivoAikég evwoelg: @AaBovosldr), avOoOKUAVIVES, TAVIVESG KTA

Genistein an
isoflavonoid from
soy beans

Tannins Found in tea,

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

HO
¥

CHq 0 OH CH;

Curcumin from the spice turmeric




 Coffee beans

Chlorogenic acid

Cinnamon bark
CHO

Cinnamaldehyde

Ginger rhizome

O

OH
Gingerols

Orchid

Cloves

Nutmeg

R
OH
RS Chavicol
R =0OCH; Eugenol
<o =
9]

K H Safrole
R =0OCH; Myristicin

CH,CH,OH

Phenylethyl alcohol
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Red and black peppers

O
H,CO k _
N R o
! _ Vanilla
HO .
Nordihydrocapsaicin
R= F
Capsaicin
Q
<O b e N: >
o Tiperitic Vanillin
Green tea "
OH
HO 0
OH
"OH
OH

R=H (-)-Epicatechin
R=0H (-)-Epigallocatechin
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AAKOAOE£ION

CH3

|
N (@]
</|\| | \(
N N
/ CH3
HaC o)

Caffeine

Catharanthus Coffee

~CH,

Morphine

Papaver somniferum

Nicotiana tabacum



Cinchona: Trapaywyn Kivivic oTov KOPUO -
KatatroAéunon Plasmodium

Al

Image credits: Kdhler; CDC




EAovooia

The regions of the world with highest risk for malaria.

Hay, S.I., et al., (2009) PLoS Med 6(3): €1000048. doi:10.1371/ journal.pmed.1000048



Artemisia annua: TTapAyel apTEUICIVN, EVO ATTOTEAECUATIKO TPITEPTTEVIO
VIO TNV KATatroAEunNon TNG eAovoaiag

Artemisinin

1 m Precuction -

vw & 1504 = Demand* T -

E .E § ' ‘ : i ,..-:v*""“"f"'"";
OL amaltroELg yLa g E L e i

- w

opTepLOivn Eemepvolv TNV

50
TIapOywyn '

als = == L b
2003 2004 2005 2006 2007 2008 2009 2010 2011 20012 203 2004 2015
e fonne gives sbout tee millien deses of artemisinin-bazed combination therapy.

favenioTiio GeovaAlgq.
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Photo credit: www.anamed.net; Reprinted by permission from Macmillan Publishers Ltd. From Van Noorden, R. (2010) Demand for malaria drug soars. Nature 466: 672 — 673.



Anuioupyia yevoTuttwyv Artemisia
ME auEnMEVN TTapAYWYN

T 15 JANUARY 2010 VOL 327 SCIENCE

The Genetic Map of Artemisia annua L.
Identifies 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. Isaac,” Awais M. Khan,* Tony R. Larson,”
¥i 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'*

Photo credit: www.york.ac.uk/org/cnap/artemisiaproject/ A



AIGQOPEC TTPOCEYYIOEIC VIO TNV AUCnNOoN TNG
TTAPAYWYNG APTEPIOIVNG

Simple sugar

Fevetikn BeAtiwon KA HuwouvOetikn

Acetyl-CoA

$ cen nopaywyn: Ekppoon twvy
i e duTIkwv yovidSiwv o€

& ERG13

’ ’
. o HMG-Con YEVETLKO TPOTIOTIOLMEVAL
‘ 2x tHMGR ’ ’
| . s kuttapa {UKNG
ol = 404 ) Mevalonate
= g = g
3l § 30 3 ‘ ERG12
c%u artemisinin £ 201 g arTIE\ DHEDA Mevalonate-P
A all'l'__,.t,. ul. 1 A ..'L. '-..-L 'LJJ'

02 04 06 08 10 12 14 18 5 s 0 15 X 25 02 04 06 08 10 12 14 18 Mevalonate-PP

Time (min) artemisinin content (pg/mg) Time (min) l ERG19
B 1o

IPP = DMAPP

804 —
ERG20

CYP71AVI/CPR

Artemisinic acid

801 GPP
z l ERG20
=
E
% B FPP

Met —i lergg;.-P,,m-Eneg

]
=1

L
Y
Squalene ++ Semi-synthesis

-l

— v —
0 1000 2000 3000 4000 5000

ERG1,7,11,24,25,6,2,3,54
leaf area (mm2) :

v

Ergosterol

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. et al .
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—1702 rerwoTiio Geoouiia,.

R



NI ITIWI W W ITTAN AL
VIIRWY NVITUpPWY

Ta évlupa ou emnpedlouv TNV apaywyn GuoLKwV TPoTiOVIWY €XOUV
eVIoXUBEeL 1 TpomomnolnBel og PpuTIKA KUTTAPA KoL OE OAOKANPa puTd

TR

;C,'C?CJ 0000000000

Cytosolic MVA pathway
o

e

Acatyl-CoA
'

ZoA

3-Hydroxy-3-methylglutaryl-CoA

HMGR
1-Deoxy-p-xylulose 2-C-methyl-o-erythritol
oH S-phosphata ,+ 4-phosphate
H'XJC\)\/\
CH
Mevalonate
5.\‘
ey
e
= NP, Sap— of
DMAFP 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; Mufioz-Bertomeu, J., Arrillaga, 1., 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.. FlavemoTiiio Beooakia,

o]



Mx avénon 1n¢ PBloovvBeong Tou
Sipwodopikol oomevievuliou (IPP),
nPodpopou Hopiou ylo  tnv
TIOpOywyrn TEPTEVIWY auEAvEL TNV
nopoywyn alBepiwv  elaiwv  oTN
Aefavta

z
o



M.X. TOPOyWYr TWV OVTLKOPKIVIKWY EVWOEWV BLvkplotivn Kat BvpmAaotivn o€ KUTTapa
Cantharanthus roseus

B HO .l'ﬂli Wle

vinerigtine: R=H. R'=CHO
vinblastine: B = OMe, R' = Me

Dr. Carolyn W. T. Lee-Parsons Northeastern University

z
o



M.x. mopoywyn avBokuavivwyv — GUCLKWV XPWOTLKWVY 0TNV TEXVOAoyia tpodipwy oe

KAAALEPYELEG KUTTAPWV

MNon-transgenic
culture

OCH;y

OH
@
Ho. 0
O = OCH,
Z > 0.aic

OH
Malvidin-based
anthocyanins

OH
= [
HO. 0
1
Z 0.6l
OH

Pelargonidin-based
anthocyanins

bHLH OE

bHLH OE
DFR OE
F35H HNAI

Current Opinion in Biotechnology

Davies and Deroles Current Opinion in Biotechnology 2014,

3
o



Table 1

Examples of food and health compounds that are potential targets for production in plant cell cultures.

Compound Compound type Use Common plant sources
Anthocyanins Flavonoids Colourant (e.g. E163) Grape (Vitis vinifera) skins, sweet potatoes,
various fruits

Betacyanins Betalains Colourant (e.g. E162) Beta vulgans roots, Amaranthus flowers

Carthamin Colourant (Matural Red 26) Carthamus tinctorius (safflower) petals

Capsaicin Capsaicinoid Flavour Capsicum fruits

Ferulic acid Phenylpropanoid Food ingredient preparations Many sources, for example, cereal brans

Ginsenosides Triterpene saponins Health food extract Panax spp. roots

Lavender oil Terpenes and other compounds Flavour Lavandula spp. flowers

Noni root extract Anthraquinones, alkaloids Health food extract Morinda citrifolia roots

Nootkatone Sesquiterpene Flavour Citrus » paradisi (grapefruif) fruits

Phytosterols Phytosterols such as p-sitosterol Health ingredient Seed oils, especially from legumes

Resveratrol Stilbene Health food extract Grape seed extract, legume shoots

Saffron (crocetin, Apocarotenoids Flavour and colourant Crocus sativus (saffron) stigmas and styles
safranal)

Vanillin Phenylpropanocid Flavour Seed pods of Vanilla planifolia
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“food, feed, fiber”

) outa Y10 TTOPAY®YT] PAPLUAKEVTIK®V KAl AAA®DV TEXVIKDV
TPOLOVIWV

Plant —made pharmaceuticals kau plant-made industrial products
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2TPOTNYLKEC yLa pallkn apaywyn IPWIEWVWY
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http://www.elelyso.com/how-elelyso-is-made

ELELYSO™ (taliglucerase alfa): ukooepeBpootbacn yia Fepaneio umokatAoToonN¢ VIUUOU
o€ vooo Gaucher
FDA 2012, Pfizer
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http://www.medicago.com/English/Technologi
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Table b. Examples of plant-based expression systems used for pharmaceutical protein production

System Protein Expression Company’

Stable nuclear transformation systems

Whole plant (cytosolic) HbsAg, vaccine [65] 0.007% TSP AltaGen Bioscience Inc. (potato)
collagen [66] 1 mg/g DW CropTech Corp. (tobacco)

Cellular compartment  Vacuole

ER

Apoplast

Tissue-specificity Seed

Tuber

Root

Fruit
Exudate

Stable plastid transformation system
Chloroplast

Transient transformation system
Viral

scFv, hepatitis B [67]
sIgA/G [68]

scFv, cutinase [69]
scFv, T84.66 [70]
scFv, ABA [71]
IgG1[b5]

IgA/G (72}

IgG1, Fab [73]
avidin [74]

hirudin [61]

scFv, oxalozone [75]
IgM, RKN [76]
RSV-F protein [77]
human SEAP [62]
human SEAP [63]

somatotropin [78]

c-trichosanthin [79]

0.032% TSP

not reported
1% TSP

29 ug/g FW
6.8% TSP
1.3% TSP
500 Lig/g FW
13% ISP

6% TSP

1% FW

2% TSP

0.003% TSP

not reported

20 ng/g DW/day
2.8% TEP

7% TSP

2% TSP

Medicago Inc. (alfalfa)
Meristem Therapeutics (tobacco)
PlantGenix Inc. (notreported)

Novoplant GmbH (tobacco)

Epicyte Pharmaceutical Inc. (tobacco)

ProdiGene inc. (corn)

SemBioSys Genetics Inc. (canola)
Applied Phytologics Inc. (rice)
Epicyte Pharmaceutical Inc. (corn)
IPT, Monsanto (corn)

Meristem Therapeutics (rape)
Meristem Therapeutics (potato)

Phytomedics Inc. {tobacco roots)
Phytomedics Inc. (tobacco leaves)
Biolex Inc. (duckweed)

Large Scale Biology Corp. (tohacco)

Abbreviations: DW, dry weight; ER, endoplasmic reticulum; F\W, fresh weight; ISP, intercellular soluble protein; TEP, total exuded protein;

TSP, total soluble protein.

Companies sharing a row with a protein and reference are sources of this information.
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Table 1 | Plant-derived pharmaceutical proteins that are closest to commercialization for the
treatment of human diseases

Product Class

[ndication

Company/Orgarization

Crop

Status

Various single- Antibody

Mon-Hodgkin's Large Scale Biology Corp

Viral vectors Phase [

chain Fv anti- lvmphoma in tobacco
bodyv fragments
CaroRx Antibody  Dental caries  Planet Biotechnology Inc. Transgenic  Phase 11
tobacco
E. vodf liesai- Vacdne Dart hoes Frodigere Inc. Tramszenic  Plase ]
labile toxin maize
Arntzen group Transgenic Phase ]
(Tacket et al, 1993) potato
(sastric lipase  Therapeutic Cystic fibrosis, Meristem Therapeutics Transgenic  Phase I
ENZVITE pancreatitis rmaize
Hepatitis B Vaccine Hepatitis B Arntzen group Transgenic Phase ]
virus surface (Richter et al, 2000) potato
antigen Thomas Jefferson University/  Transgenic  Phase |
Polish Academy of Sciences  lettuce
Human Dietary Vitamin B12  Cobento Biotech AS Transgenic Phase Il
intrinsic factor deficiency Arabidopsis
Lactoferrin Dietary Castrointestinal Meristem Therapeutics Transgenic  Phase ]
infections maize
Morwalk virus  Vaccine Morwalk virus  Arntzen group Transgenlc Fhasel
capsid protein infection (Tacket et al, 2000) potato
;;.-swﬂunewwuq‘.
Habies Vaccine Rabies Yusibov et al (2002) Viral vectors Phase [
glvcoprotein inspinach A




Table 2. European companies and organisations active in molecular farming®

Company or
Organization

Plant hostis)

Products or Indications

Agrenvec, Spain
BASF, Germany
Bayer Crop Science,
BioScience, Germany
Cobento Biotech,
Denmark
CropDesign®

ERA Flantech, Spain

Fraunhofer IME,
Germany
Greenovation Biotech
GmbH, Germany*®
leon Genetics AG,
Germany®

LemnaGene 3.4,
France®

Maltagen Forschung
GmbH, Germany
Meristzm
Therapeutics, France

Novoplant GmbH,
Germany

ORF Genetics,
loeland®

Phyton Biotech,
Germany
Pharma-PFlanta
Project, European
Community
PlantBio Products,
Spain

Flantechno SRL, Italy

Flanton, Germany
Plant Research
International, The
Netherlands
SunGene, I!3|:rr'r'nan~,rf

Syngenta, Switzerland

UniCrop Ltd, Finland

Brassica |viral expression)
Brassica, tabacco
Mot specified

Arabidopsis

Maize, rice
Protein bodies in most plant
tissues and species

Tobacco, corn, rice, wheat,
tomato, plant suspension cells
Moss

Tobacco, Micotiana benthamiana,
spinach, red beets

Lemna sp.
Barley, malt

Maize, tobacco

Tubers, rape seed, flax seed,
peas
Barley, lettuce

Flant cells

Maize, tobacco (various plants)

Chloroplast transformation

Rice, wheat, tomato, maize,
poplar, Agaricus, barley

Potato

Platform technologies

applicable in all plant hosts
(tobacco, potato, tomato, rice
and others)

Rapeseed, potato, tagetes,
Arabidopsis, tobacco and tomato
Safflower

Camelina sprouts

Contract manufacturing
Polyunsaturated fatty acids
Antibodies

Hurman intrinsic factor and transcobalamin protein

Contract manufacturing
Product-neutral productivity improvements

Antibodies, vaccines (injectable and oral administration),
enzymes for oncology and infectious disease

Monoclonal antibodies and other complex proteins

Interferon, somatotropin, restriction enzymes, single-chain
antibodies, monoclonal antibodies, antigens,
glucocerebrosidase, thaumatin, albumin, DNase, RNase
inhibitor, insulin

Mot specified

Lactoferrin, lysozyme, human serum albumin, hepatitis vaccine,
edible vaccines

Gastric lipase (MERISPASE®), albumin, human collagen, human
lactoferrin, human lgA (x4), dust mite allergens, murine lgh
(monomeric) and human plasma proteing

Orally administered antibodies for animal health

Growth factors, proteases, antibodies and vaccines

Includes growth hormone-receptor antagonist for treating
acromegaly, cancer and diabetes
Antibodies and vaccines

Bioplastics
Enzymes, phytoremediation

Contract manufacturing
Antibodies as a model: vaccines for oral application and
targeted delivery

Secondary metabolites, for example, carotenoids and vitamins
for food, feed and health

Biopharmaceuticals for a range of indications, including
antibodies, enzymes and other protein therapeutics

Model proteins: monoclonal antibodies, immunoglobulin fusion

protein, human serum albumin, enzymes

®Spurces: [1,4) company websites (Box 2); “this company recently became afully owned subsidiary of BASF; “licence agreement with Bayer; “this com pany recently becamea
fully owned subsidiary of Bayer; *recently acquired by the US co mpany Biolex Therapeutics; leeland is not 8 member of the EU but belongs to the Eurcpean Economic Area;
Hjoint wanture of BASF Flant Science, the Institute of Plant Genatics and Crop Plant Research.
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Box 2. Useful links

Agrenvec: http:fwww.agrenwvec.es

Arizona State University: hitp:fwww.asu.edu/

BASF: http:/fwww.corporate.basf.com/en/produkte/biotech/
plantscience/pflanzenalsfabrik

Bayer Crop Science: hitp://www.bayercropscience.com
Biolex Therapeutics: hitp J/www.biolex.com

Biotechnology Industry Organization: http:fwww.bio.org

Canadian Food Inspection Agency (CFIA}: http:fwww.inspection.

c.ca
gobento Biotech AS: hitp//www.cobento.dk
CropDesign: http:/fww.crop design.com
Dow Agro Sciences: hitpz/iwww.dowagro.com/news room/
corporate news/2006/200601310.him
Environment Protection Agency (EPA): hitp:/www.e pa.gov/
ERA Plantech: http:{fwww.erabiotech.com
EuropaBio: http:/fwww.europabio.org
European Food Safety Authority: hitpdfwww.efsa.eu.int
European Plant Science Organisation: http://www.epsoweb.org
Fraunhofer Gesellschaft: http:/www. fraunhofer.defha/EN/
Fraunhofer IME: http:/www.ime. fraunhofer.de
German Parliament: http:/fwww.bundestag.de
Greenovation Biotech GmbH: htt p:fwww.greenovation.com
lcon Genetics AG: hitp:fwww.icongenetics.com
Institute for Prospective Technology Studies: http:/Anww.jrc.es
International Alliance of Patients® Organizations: http:fwwae.
patientsorganizations.org/
Large Scale Biclogy Company: hitp:/f/www.lsbc.com
LemnaGene S.A.: http:/fwww.lemnagene.com
Maltagen Forschung GmbH: http:/fwww.maltagen.de
Meristem Therapeutics: hitp:./fwww.meristem-therapeutics.com
National Corm Growers Association: httpJ/fwww.nega.com/
Novoplant GmbH: hitp:fwww.novoplant.de
Office of Technology Assessment at the German Parliament:
httpy//fwwwy.tab.fzk.de/home_en.htm
ORF Genetics: htt p:fwww.orfgenetics.com
Pharma-Planta Project: http:/www.pharma-planta.org
Phyton Biotech: http:/iwww.phytonbiotech.com
Planet Biotechnology: http:/Asww.planetbiotechnology.com
Plant Research International: http:/fwaww.priswur.nl
PlantBio Products: hittp:/\www.planthioproducts. es
Plantan: httpy/www.planton.de
SemBioSys Genetics Inc.: http//www.sembiosys.ca
Sigma-Aldrich: http:/fwww.sigmaaldrich.com
SunGene: httpd/www.sungeme.de
Syngenta: http:/fwww.syngenta.com
UniCrop Ltd: http:/fwww. unicrop.fi
United States Departrment of Agriculture (USDA): http:fwaww.
usda.gov
Ventria: h ttp://wwaw.ventria.com
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Expression systems for the production of biopolymers in plants:

» Ubiguitous expression and
expression of transgenic
proteins in storage organs (e.q. tubers, seads)

+ Accumulation in ‘optimal’
compartments (e.q. ER, chloroplast)

* Production of plastic-like biomaterials
in chloroplasts and peroxisomes
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2TOXOL TNG €TLOTANG duTWV yLa to 2015-2025 (Decadal Vision Report, ASPB)

» BelAtiwon tng tkavotnTag vo TpoBAETOVTOL TA XAPAKTNPLOTLKA TWV GUTWV Ao T
duUTIKA yoviSlwpata o€ Tokila teptBaAlovta

» ZuvaBpolon GUTIKWV XapAKTNPLOTIKWY 0€ Stdidpopouc cuvOUATHOUC UE OKOTIO TNV
eTAUON OUYKEKPLUEVOU TIPOPARUATOC

» AvakaAuvn, kataypadn kot xprion ¢utikwyv petoBoArtwy (Bloxnueia, xnUeia)

» BelAtlwon tn¢ LkavotnNTag EUPECNC ATTAVTINOEWY OVALLECO OE TEPACTLO OVKO

debopévwy (BrommAnpodopikn)
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