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TL elval n Blotexvoloyia Qutwv?

* Tpomormolnon Twv GUTWV N HEPOUC ALUTWV LA
NPOKTLKN Xpnon
— BeAtiwon twv kaAAlepyoUpEVWV PUTWV
* MeyaAutepn amodoon
e BeAtlwpeEvn Bpemtikn aia
* Avtoxn o€ ePLBANANOVTIKEC KOTOTIOVHOELG
— BeAtiwon tn¢ mapoywync ocnUOVILKWY
HeToBoAltwy

— Mapaywyn VEWV TpoilovVIwVY



H yewpyla eival pa maykoopia «Bropnyovia»

Nopaywykotnta putwyv - SUVOULKO TOoU PuTOoU:

Tpodn v Blokavotpa
ZItnpeota YA XNHKéC EVWOoEeLg
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* E¢aodalion tpodnc yia tnv KAALU PN TN TOXUTATNG

aUénong Tou TolyKOOULOU avOpwritvou mAnOuopou

\/

** AU&non tn¢ PUTIKAC mapaywyng uto ta Sedopeva TG
KALLOTLKN G aAAQYN G LE HELWON TWV ELOPOWV OTN YEWpPYLA

(kAtpotikn) aAAoyn- mpootaoctia eptBaiilovtog)

\/

¢ Etaodalilon emapkouC r/Kat EVIOXUHEVNC TPODNC YL
LElwon TNS e avionc xpOoviIwv aoBeveLwY oToV TTAQVATN
(vyeia)

< Avaykn ylo TTapaywyrn EVEPYELOC OTTO OVOVEWOLLLEC TINVEC
(aewpopia kat eptBaAiov)

/

< Napaywyn Blompoioviwyv avénUevNS MPooTOEUEVNC aglog ?&
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[MTw¢ avauéveTal va eTITEUXOEI augnon TNS PUTIKAC

TTapaywyng / Blopadag;

Me Tnv avatrTu¢n/onuioupyia UTWYV TTOU

gival avBekTIKA oTnV Enpaacia ] o€ AAAEC
KATATIOVNOEIC

ATTAITOUV AIYOTEPEC EIOPOEC KAl VEPOD
gival avlekTIKA o€ TTaBoyova / exBpoug
gival Tro BpeTTTIKA




MpwTteC KAAALEPYELEC
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BeAtiwon dutwv

* JTPATNYLKEC TPOTOTIOLNONC YOVLOLWUATWVY

e KAaown BeAtiwon
— Emloyn emiBupntwy XapoKkTtnpLloTtikwy (MAnNBuopLokn YEVETIKA)
— Eloaywyn VEwV YovISLaKWV XOPOKTAPWV
e Texvoloyiec uBpLdlopou
— AlaoTtaupoUHEVN ETILKOVIOON
— lotokaAALEpyela (cUvVTNEN MPWTOTAQLOTWV

 Moplakn BeAtiwon

e Teyvoloyiec petadopac DNA

fovenioTiiio SeovaAle.



Katoywyn Twv KAAALEPYELWV

9000 BP

New Guinea highlands
. 9000 — 6000 BP

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




Texvntn €AoY otnV OWKoYEVeLla Brassicaceae

fovenioTiiio SeovaAle.



...0TNV Viopata

...0TNV TIUTEPLA




OL €peuvec Tou Mendel amotelouv
TNV EMAPXN TNG ETULOTAUNG TNG
VEVETLKNC Kol TNC BeAtiwong Twv
duTWV

MPAZINH ENMANAZTASH
(1940-1960)

B

Norman Borlaug

1914-2009,
Nobel Laureate
1970

fovenioTiiio SeovaAle.
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http://www.worldfoodprize.org/borlaug/borlaug-history.htm
http://www.worldfoodprize.org/borlaug/borlaug-history.htm
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MepLoplopol TG TEXVNTNG ETUAOYNG

* MepLoplleTal oTA YEVETIKA XOPAKTNPLOTLKA TTOU
uTtapxouv NoN ota KaAALepyoupeva i6n

* Melwon tn¢ evpwoTiac Twv opoluywyv Kot inbreeding



BeAtiwon dutwv

* JTPATNYLKEC TPOTOTIOLNONC YOVLOLWUATWVY

e KAaown BeAtiwon
— Emloyn emiBupntwy XapoKkTtnpLloTtikwy (MAnNBuopLokn YEVETIKA)
— Elooywyn VEwWV YoVISLAKWV XOPOKTAPWV
* Texvoloyiec uBpLdlopou
— AlaoTtaUpoUUEVN ETILKOVIOON
— lotokaAALEpyeLa (cUVTNEN TPWTOTAQCTWV)

 Moplakn BeAtiwon

e Teyvoloyiec petadopac DNA



Eloaywyn VEWV XapoKTNPWV:
YBpLOLopoc

* KoateuBuvoueveg SLO0TOUPWOELC
(otaupoemnikoviaon)

— KaAAlepyoUpevn TOKIALOL LE EVa YOVEQ

— JUYYEVLKEC TIOLKIALEC 1 €LON HE
EMIOUUNTA XOPOAKTNPLOTLIKA

fovenioTiiio SeovaAle.
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‘ / First crossing

o

NI (|
ALOLOTOUPWOELC LLE TOV Eval
YOVEQ yLo. TN PeTadOopA TOU

emBupuntou Yapoktnpa




Meploplopoi tov uBPLOLGHOU

* Meplopiletal og puTtA OV ptopouv av vBpLdlotovv otn dvon
— ALOOTOAUPWOELG OE OTEVA CUYYEVLKA £16N
— ALOOTOUPWOELC OE ATIOUOKPUOUEVO YEVETLKWE £L0N
e MiKpn Topaywyrn OMEPUATWY
* Tao UBpLdLa eival cuyva oteipa

* Metadopad Kal pn emBupntwy xapoktnpwyv (Aoyw cuvdeonc)

fovenioTiiio SeovaAle.



Eloaywyn VEWV XapaKTAPwV:
YniEpBaon Twv avamapoywyLkwyv dpaywy

o KoAALEpyELEC DUTIKWYV KUTTAPWV
— Aldlowon euBplovu
— Z0vtnén nMpwTomMAQCTWV
— MukpomoAAaTAQCLAGLOC

Jwpatka euPpua, Sitka spruce



20vInNén MPWTOMAACTWY




The Tosrnal of Heredive 87023 128, 1OF4,

Interspecific Hybridization by Protoplast
Fusion in Nicotiana

Confirmation and extension

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

fovenioTiiio SeovaAle.



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

Jain, 3. M, E. A Shalun, and 5. Sun. 1955, Interspecific protoplast fusion for the transfer of atrazine
resistance firom Solanum nigrum to tomate (Lycopersicon esculentum L.). Flanf Cell, Tissue and Crgan
Culfure. 12: 159-194.

Atramne resistance was successfially transferred from 5. mugnuim (2n = 4z = 48) to tomatoe o,
WEZ6 by protoplast fiusion in the following combanations: (1) 5. mgrum with tomato, (2) TTV-
wracdiated =, nigrum wath tomato; (3) TV -wrradiated 5. mgnuim with 1o doacetate treated tomato;
and (4) backfiusion of tomato with a somatic hybnd. In all, & somatic hybrids were identified
by their ghutamate aspartic aminotransterase [aspartate armmotransterase] iseensyme banding
patterns. The fusion hybrid from vanant 4 extubited a new 1soenzyine band with a mobidity (Ef)
value of 0.41. Eesults from this hybnd indicated that the 5. mgnim genome was partial by
elirmimated and the tomato genome partially transferred. It 15 thought that several backfizsions
may result in an atrazine resistant tomato plant with ne 5. nigrim genome.

fovenioTiiio SeovaAle.



«Wide crosses» avapeoa o€ €i6n evieAwg
QTIOUOKPUOEVOL YEVETLKA: LECW oUVTNENC MPWTOTIAQCTWYV
KOlL avayEvvnon LoTwV

Brassica juncea (Pbt) x Thlaspi caerulescens (Znt & Nit)

fovenioTiiio SeovaAle.
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Rice Domestication by
Reducing Shattering

Changbao Li, Ailing Zhou, Tao Sang”

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 involved 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

function necessary for the normal development of an absciesion layer that controls the separation

of a grain from the pedicel.

ereals, the world's pnmary food, were

domesticated  from wild gmss species,

Becmse wild gmsses naturally shed
mature grins, a necessary early step towand
cereal domestication was to select plants that
could hold on to ripe grains to allow effective
fiekd harvest (£, 2) (fig. 51). The sekction pro-
cess might have been mamly unconscous be-
cause grains that did not fall as easilv had a
betler chance of bemg harvested and planted in
the following years, Consequently, nonshattenng
alleles had an moreased frequency and eventual-
Iy meplaced the shatermg allees during domes-
tication. The finding that one locus accountad for

Two previous OQTL studies wsing crosses
between O sativa ssp. indica and the wild
perenmial species O nyfipogon detected  four
and five shattering QTL (8, 9). Both studies
wentified a QTL at the same location of she
with either the larpest or nearly lagest pheno-
typic effect among the detected QTL. Mom-

over, penetic analyses between O sativa ssp.

Japorica and @ nefipogon and two other close-

Iy melated wald species O glumgepetla and O
meridionalis all found that a single dominant
allde from each of the three wild species was
responsible for grain shattenng ( (0, [F). This
locus, named Shd, was mapped o the same

evaluation. By progressively examining S5R and
SMP (single-nucleotide polymorphism) mark-
ers betwesn RC4-123 and BEM280, we finalby
mapped the mutation responsible for the den-
vation of nonshattering in cultivated rice to a
1.7-kb region of a gene with a previoushy
unknown function (Fig. 1B and table 51). The
pene is predided to be a transcription fador,
and its coding region is physically located be-
taeen 0014305 and 34012126 bhase pairs
{bp) on assembly LOC_Os4 g57530 of nce
chromosome 4 (The TIGE Rke Genome An-
notation Database).

The comparison of the 1.7-kb sequences
between the mapping parents revealed seven
mutations (Fig. 1C), These include one muts
tion in the intron: (@) a 1-bp substitution; thres
mutations in the first exon: (B) a 15-bp or five-
amino acd insertion/deletion, () a 3bp or
one—aming actd imsetion/deletion, and (4 a
I-bp or an amino acid substituton; and thres
mutations 5" upstream of the start codon: (¢} a
I-bp substitution at site =55, ( /) a 3-bp msartion’
delaion between spes — 343 and — X4, and (g)
an 8-bp imsertion/deletion betwesn sies —558
and —559,

To assess the polymomhism and evolution-
ary dimsction of these mutations, we sequenced
this 1.7-kb region from an additional 14 nee
cultivars represanting the diversity of O satha
(/4), 21 accessions of O aivara covenng the

fovenioTiiio SeovaAle.
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Moprakn Fevetikn — Moplokol AELKTEC
(marker-assisted selection)

XPNOLUOTIOLEL TOUC popLlakoUC deiktec: ouvnBeotepa
elvall eva tunpa DNA f kol pia YNk «eTiketa (tag)
TIOU CUOXETI(ETAL LE EVal ETIIOUUNTO Yo paKTAPO

veruoyn XOPOLKTNPLOTLKWV-0TOXWV LLE LLLKPN
KANPOVOUNCLUOTNTA I UTLIOAAELTTOMEVA YOViOLA

vouyxpovn petadopd TOMwvV  yovidiwv Tou  elval
uTteVOuva yla To OLo N apoOpOoLa XOPAKTNPLOTIKA O pia
(«tupapida yovidblwv»- gene pyramiding).

fovenioTiiio SeovaAle.



Anuoupyia OKIALWY pullol aVOEKTIKWY OE KATAKALON
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2UyXpPOVO CUCTAHOTO LOPLOKAC BEATIWONG

Fovibwwpatikn Emdoyn (Genomic / Genome-wide Selection GWS)

| o sequence OLVOLAUOVTOL Ta bOLVOTUTILKA
T o T XOPOKTNPLOTIKA KAl Ol poplokol
Gemplasn vakes  OELKTEG OE OAOKANPO TO yovidiwpa

) MEUOVWHEVWV PUTIKWV CELPWV KO

KOTOTILV YiveTal TtpoBAedn ya toug
QTTOYOVOUC EVOC nAnBuaopuou
BeAtiwonc

w

Model application on next generation germplasm

Genotyping GEBVSs SELECTION

Figure 1. Schematic diagram depicting the steps involved in

the use of genomic selection in a plant breeding program. qavenioTinio 8exoaAlg,,
GEBVs, genomic estimated breeding values. A
Carbera-Bosquet et al, 2012



Avaotpodn BeAtiwon

Landsberg l Columbia

Heterozygote

WT doubled haploids
(with crossovers)

RE doubled haploids
(without crossovers)

Chmms::rme [

2 3 4 5

Chromosome

II||II||II il
il I " |

Reconstructed heterozygote

o 11 [ e ([

Winjker et al, 2012 ,Nature Genetics

A) Anuloupyia evog
eTeEPOlUYWTN OTIOU N
LKOVOTNTA UELWTLKWY
avaouvouaopwy £val
KOTOLOTOALEVN

(B) Fevotumoc St-amlosldwv
LE TTOpOUCLa 1N
aAvVOLoUVOUACUEVWY
XPWHUOCWUATWV

(I) Frevoturmog 21
SLapOopPETIKWY YEVOTUTIWV UE
nARpn amnouacia
avVOLoUVOU AT WV

fovenioTiiio SeovaAle.



High-throughput Phenotyping (Phenomics)

OLUTOLOLTOTIOLNMEVEC TEXVOAOYLEC KaTaypadic TwV
davotUTwV o€ HEYAAN KALpMOKOL

www.lemnatec.com
www.phenofab.com

fovenioTiiio SeovaAle.


http://www.lemnatec.com/

Alepelivnon NG YEVETIKNCG Baonc Twv ¢povoTUNwyY O€

duokolC MAnBuopouC

I Figure 6. Maps of Structures of the Ruby Locus in the Different Citrus Species, Orange Accessions, and Hybrids.
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Elocaywyn VEWV XopaKTnpwV:
YnEpBaon Twv avamapoywyltkwyv ¢poyuwyv

TexvoAoyia Avacuvduacpévou DNA Kot YEVETIK HNXOVLIKNA

Plasmid

Gene Cloning
by Bacteria_

. coli

’ Restriction
L/ 8 ites i

Restriction enzym\.
4 Sticky ends

Base pairing an
DNA ligase

Recombinant plasmid .
Transformation

(@ 0)

~,

Bacterial
reproduction

Bacterial clone carrying copies of the foreign gene

fovenioTiiio SeovaAle.



Wild Relative Crop Plant Wild Relative Crop Plant

Genetic Engineering

Conventional Breeding

fovenioTiiio SeovaAle.
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H texvoloyia avacuvvbuaopevou DNA
Kol BeAtiwon putwv

Mropet va epappoobei og OAa ta €idn dutwv

ETtpEMEL TNV ApECN LETOPOPA LEUOVWUEVWV
emlBupntwyv yovidiwv

Amtatel plo peEBodo petadopac twv yovidiwv ota
duTKA KUTTOPA

Amattel kUtTopa tou Ba pmopouv va
emavadNULOUPYNooUV Eva OAOKANPO GUTO aro
LEUOVWMUEVA VEVETLKWC TPOTIOTIOLNMEVA KUTTAPOL

fovenioTiiio SeovaAle.
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OAoduvntikotnta (totipotency):

OAa ta dUTIKA KUTTPA SLOTNPOUV TO YEVETIKO TOUC OUVOLULKO
KOlL UTTO TLG KATAAANAEC OUVONKEC UITOpPOUV va To EKGPACOUV.
Elvat &6nAadn Suvatov va amnodladopomoinbouv Kat va
OPAYOUV OAOUC TOUC KUTTOPLKOUC TUTOUC Kol Aapa va
avarntuxBouv ek véou o€ MANPEC dUTO.

fovenioTiiio SeovaAle.



lotokaAALEpyela — KuttapokaAAlépyela putwv




OPENTIKA HEoA KUTTAPOKAAALEPYELOG PUTWV

BooLKOL cUOTATLKA

[1] anapaitnta otowxeia A LETAAALKA LOvVTa (OUVAOWC pE TN popdpry CUUTTAOKWY UELYUATWVY
oAATWV)

Makpootoiyeia (alwto, kaAlo, puayvnotlo, wo@opoc, acBeaotio, Veio,xAwpto)

Ixvootolyeia (uayyavio, twdto, xaAkoc, uoAuBdevio, Yeuvdapyupoc, oibnpoc)

[2] opyavika cupumAnpwpata/ avéntikol mapayovtec (Brtapivec-Jeiauivn, tvooltoAn,
OMLVOEEQ, TIEMTOVEC, OpMOVEG, |AA, INA)

[3] mnyn avBpaka (cuvRBwc coukpoln aAld Kat YAUKOTN, LAATOln, oopPLtoAn, yakoktoln)

fovenioTiiio SeovaAle.



Duto-auvéntikol pUOULOTEC

Avaloya pe tn ducloloyikn Touc Spdon Sdlakpivovtal o€:

[1] avéivec (kuttapodlaipeon kat avénon- empurkuvon PAaoTwy Kot pL{wv/enaywyn
avenong/ avénon peyébouc kaprwv/ KaBoplopog ¢puAou)

[2] kuTOoKWViveg (kutTapodlaipeon)

[3] yIBBEPAALVEG (KUTTOPLKNA ETLUAKUVON- KaBoplopog UPouc putol/ emaywyn
kKaprodopiag)

[4] apnowlko ofL (avéntikol avaotoAeic) (avaotoAn Kuttapodlaipeonc-amokornn
GUAAWV KoL KOPTTWV)

[5] atBuAEvio (€Aeyxoc wpipavong kaprwv, Anbapyoc)

fovenioTiiio SeovaAle.



Kuplec Dutooppnovec

\

auﬁivsq KUTOKLVLVEG

Aopka opoLeg pe adevivn

OH
CHﬂf _CHz0H
N

R N
| | >
H

[Mapaywyn KUpiwg o€ akpaia Zeatin
UEPICTWHATA [Mapaywyn KUpiwg o€ aucavoueVoug
(PUTIKOUG 10TOUG, pilec, EuPBpua,
KQpPTTOi

auéivy < KYTOKININH = BAacroi

AY=INH > kutokuwivn = pileg
fovenioTiiio SeovaAle.

avéivn = Kutokivivn = ano-6itadoponoinon A



TOmol KuttapokaAAlEpyeLac putwv

@ KaAAog

1 KaAALEPYELEG KUTTAPLKWY aAlwPNUATWY (YYPEC KOAMEPYELEC PUTIKWV
KUTTAPWV)

1 KOAMLEPYELEC TIPWTOTIAQACTWY

1 KaAALEpyeLec pL{wv

1 KaAALEpyeleg PAaocTwy (LEPLOTWHATWV)
1 KaAALEpyeLleg epPpLUwv

1 KaAALEpYELEC HKpooTiopiwy (YUpNGS N avBnpwv)

fovenioTiiio SeovaAle.



KaAAog: pala pn opyavouevwy, adladopormoinTwy KUTTAPWY E LKOVOTNTO YPrYopns
av&énonc Kat €vtovng dlaipeong




*QewpnTika KABe TUAMA PUTIKOU LoToU (“Ekduto”) pmopel va peTatparnet oe
KAAAO UTIO TLC KATAAANAEC CUVONKEC KAAALEPYELOC
* Me meploSIkEC avakaAALEPYELEC SLaTnpEeltal CUVEXWC
e Aev €xeL tn Suvatotnta dwtoouvOeonC
e O puBuoc avamntuénc touv KaAAou s€aptatol oo
10 €idoc¢ Tou duToU,
TO YEVOTUTIO TNC TTOLKLALALG,
N PUCLOAOYLKA KATACTAON TOU £KduUTOU,

TLC OUVONKEC KAAALEPYELOC

fovenioTiiio SeovaAle.






Anpovpyia vypnc KAAALEPYELOG PUTLKWV KUTTAPWV

‘Ekdputo KoTUANSAVaC K&aAAoc 2 eBSopaswv KaAlog 3 eBdopadwv

Yvpn KOAALEPYELA ETEPOTPOPLKWV KAAAWV Yypn kaAALEpyeila pwtoptéotpodpkwv KAAAwWV

(MS, 3% ooukpadln,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 U —

R

XapaAaumidng, Atdaktopikn Alatptpn



NpwtonAdotec: GUTIKA KUTTAPA XWPLC TO KUTTAPLKO Tolxwua, To omoio adalpeitol ite pe
HNXOVLKO £ite —KUPILWC- LE EVIUHLKO TPOTIO (KUTTOPLVAOEG KOlL TIEKTIVAOECG)

Zovtnén MpwTomMAaoTWV: ANULOUPYILO CWHOTIKWY I} KUTTAPOTIAACUATLKWY EUBPUWV

fovenioTiiio SeovaAle.



KaAAlEpyereg pullwv: mpogpyovtal amo €kputa akpopLllou, 0€ OYXETLKA OTTAQ BPETTIKA
HEoa

KaAAlépyeleg akpaiwv BAaoTikwy peplotwpatwy (opBaipwv). H kopudaia kuplapxia
uropel va emepaotel mapouvoia KATAAANANG OUYKEVIPWONCG KUTOKLWVIvVNG Kol va
OXNUATIOTEL CUUTTAEY A ATTO QVATITUOCOMEVOUC BAaotoUg

- n KUpLa pEBodoc pkpomoAlamAactacpol/ KAWVIKAG Ttopaywyng Gutwv in vitro

fovenioTiiio SeovaAle.




KaAAépyeleg avOipwv: W EKGUTA xpnotlpomotlovvtal armAosldeic LoTol yla
napoywyn epPpuou i kaAAouv.

AvOnpec: owpatikol Lotol mou meptBaAiouv tn yupn (apoeviko yapetoduto).
Artawteital n adaipeon Tou KUTTAPLKOU TOLXWUATOC TOu avenpa

Mn wpLun yupn: KaAALEPYELO TOU APOEVIKOU YOUETOPUTOU YLO TNV TTApAYWY)
euBplou

Ertituyyavetal
N mapaywyn amAosdwv

' ' KalmeEpyswt
Kol SL-armAoeldwv puTwv. =i

AvoyEvwnon
AAOEIBOVG
\ S VIOV
AmhOe1dES ¢
outd

Egappoyi
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Avayévvnon dutwv

1 OpyavoyEveon

1 ZWUOTIKA EUBPUOYEVEDN

fovenioTiiio SeovaAle.



Opyavoyéveon: nopaywyn uTikwv opyavwyv ancvBeiac anod to €ékputo i and tov KaAlo.
EvaAlaktikd enyeveic opOalpoi, ol omoiol avantvcoovtal o€ KAAAEPYELEG BAOOTWV KOl
okpaiwv [ pooxaAiaiwv opOaApwv, eniong pmopolv va odnyRoouv otnv avayEvvnon
OoAOGKANpwv putwv

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

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



Emaywyn KAAAOU O€ LoTO KOTUARSOVWV Enaywyr] BAaoctoyéveong




MAeovektnpata-
EdbapuoyEc TtnG in vitro kaAALEpYELOC PUTWV

e[Tapaywyn Lylwv putwy, ATTAAAQYUEVWVY aTIO ACOEVELEC

eTaxUtatn mapaywyn Leyailouv aplBpou dutwv pe i8lo yeVOTUTIO UE
LKPOTIOAAQITAQLCLOOLO

e Anuioupyia amAoeldwv putwv

e AlaTtripnon yeveTkoU UALKOU

e[Mapaywyn GuTwV TwV omoilwv n avamntuén eivol SUGKoOAN amnod onopo.

e Mapaywyn GUCIKWV MPOLOVIWV ATIO VYPEC KAAALEPYELEC DUTLKWV KUTTAPWV
e Anuioupyia VEwv UPBPLOLwV Ao YEVETIKWCE ATTOUOVWHLEVA 10N

e Emtitevén opoluywrtiag oe mpoypappata BeAtiwong

qovenioTiiio 8eovaAjg,.
e Avayevvnon dtayovidlakwyv dputwyv A



Agrobacterium tumefaciens

Gram-apvnTiko pakThpto Tn¢ pi1loopaipac

TaBoyovo: utteUBuUvo yia Tnv acBévela Tou 'KopwvoToU KAAAoU' , n oTroia

e¢apTdral amd Thv mapouaia Tou Ti (tumour-inducing) mAaouidiou oTo A.
tumefaciens,




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

+ HoAUVEl Héow TPAUPATIOHEVWY |
IOTWV TOU @uTOU: ‘
TO YUTO mapayel oTIi¢ Ocoeig
TpaupaTiopoU evwoelg (popia-
oividAa), onwg n
aKeTOOUpPIYyYyovn

F coc, To pakTnpiakd Ti wAaopidio
Ttapayel Kai Urodoxeic yia

AUTEC TIC EVWOEIC Kdl TO
PakTApio KiveiTal

XNHEIOTAKTIKA mpog auTég,

.

CH,0 OCH,
OH

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



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

T-DNA
TTEPIOXN

KUTOKIVivVN

gTaywyng

"/ kataBoAioudg

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

fovenioTiiio SeovaAle.



+ 710 T-DNA o0p1oOereital and cuBtwe emavaAappPpavopeveg
aAAnAouxieg 25 bp
eravaAappavopeva ouvopiaka Left Border- LB
Right Border- RB
+ Ymapxouv dUo diaWopeTiKoi TUTOI wAAoHIdiwy
NomaAivng (éva ouvexéc Tunpa 22 Kb)
T6(6/A)CAGGATATAT(-/T)6(T/6)(6/C)6(T/G)GTAAAC
Oktonivng (0Uo Tunpara 14 kai 7 Kb: TL kai TR)
(C/TYGGCAGGATATA(T/A)C(A/C)A/G)TTGTAA(A/T)T

TAAGTCGCTGTGTATEGTTTETTTE (Toverdrive” / evioxutic)

fovenioTiiio SeovaAle.



lovidia onc (oncogenes)
‘Tovidia auxA (tmsl1/ iaaM) kai auxB (tms2/ iaaH) :
mapaywyh Th¢ auivng, IvOoAUA oikd olU (TAA)

* Tovidia cyt (tmr/ ipt) :
KWOIKOTIOIEI YIA TRV I00TTEVTEVUAIKA Tpavgepdon (TTapaywyh KUTOKIVIVAC

MNovidia mapaywync owiviuy (ocs)

oTriveg: Tapdywya apivoéwy / aypoTiveg: Tapdywya oakxXdpwy
oKTomivn N voraAivn (kai pavvorwivn, aypomivn, QPOUKTOTIvVN)

fovenioTiiio SeovaAle.



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. ROoGERS, ROBERT B. HORsCH, PATRICIA R. SANDERS, JEFFERY S. FLICK,
STEVEN P. ADAMS, MICHAEL L. BITTNER, LESLIE A. BRAND, CyYNTHIA 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

] |

ITIH
CH3—(|3—COOH
H

Octopine

hIH H
|
NHz—C—NH—(CHz)s—C—COOH

ITIH
HOOC—(CHg)g—(l’)—COOH
H

Nopaline “uvmwn\uloem,\b‘,
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Phenolics

vir gene \ @
Induction Attachment

3
ChvE_"

Nuclear
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Processing

ir8/ D4

Agrobacterium
tumefaciens

&
Plant Cell

fovenioTiiio SeovaAle.



Aiadikaoia peTagopdc kai evowpatwone Tou T-DNA

XNUEIOTAKTIKA avayvwpion B€éoswv TpaupdTiopgoU ToUu (uUTOU atmod OTou
EKKpivovTal popla-oividha. TIpookdAnon Kal dAmOIKIONOC HE Th
HeooAdpnon Twv attR (moAugakxapitng), chvA & B,chvB (kukAwkég pB-
1,2-yAukaveg, pscA (douktvoyAukavn) XpWHOOWHIKWY YOVISLOKWY TOTTWV

Emaywyn tng mepioxic ToikotnTtag vir: H virA mpwreivn (HepPpavikn Kivdon-
uTtodox£adg) auTOPWOPOPUAILWVETAI Kal EVEPYOTIOIEI TNV VirG Kai h TeAsuTaia O0Aa
Ta uttoAoiTta yovidia Tou peyouAoviou

Anpiouvpyia- mapaywyh Tou T-DNA ocupmtAdKou: amokoTi amdé 1o Ti  TrAdopidio
HovokAwvng aAucidac (T-DNA strand) ota ouvopiakd (LB & RB) amé 1i¢ D1/D2,
ouvdeon pe D2/E2

Metagopd Tou T-DNA/D2 kai tnh¢ virE2 oto kUTTapo EevioTh péow ei1dikoU
HepuPpavikoU CUOTAUATOC £KKPIONG

MeTagopd Tou T-DNA strand/D2 otov mupriva (o1vidAo TtupnvikoU evToTTioHoU
D2, E2). EvowpdTtwon otnv xpwyativn (Vire2 oe ouvepyaoia pe VIP1 & 2 Tou
@UTOU Kai importins, cyclophilins) pe "avopB6doo avacuvduaous” (illegitimate
recombination) e Senoaiy

R



Bacterial
Selectable
marker

fovenioTiiio SeovaAle.



=

ON/OFF Switch Makes Protein

PROMOTER INTRON CODING SEQUENCE

Plant Selectable
Marker Gene

Plasmid DNA
Construct

bacterial genes
santibiotic marker

-replication origin —> "\

College ot Agricultural, Consumer and Environmental Sciences

UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN

stop sign

poly A signal

fovenioTiiio SeovaAle.



ZuoTtatikol mpoaywyeic ota dtayovidiakd puta

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

Mapadeiyuata

35S amno CaMV (16¢ Tou pwoaikol Tou Kamvou): LOavikog yia TNV Ekbpacn Twv yovidiwv
eTLAOYN G Kal avadopdg

nos (ouvdaon tnc voradivnc), ocs (cuvBaon tn¢ oktomnivnc), mas amnod Agrobacterium

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

PupBiuopevol katd cuvOnKn mMPoaywyeig

‘/Ictost&l(oi
‘/Enav(bp.svm

‘/Avantu&akoi U —



Metapopdpwon putwv pEcw tov Agrobacterium

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

Eloaywyn tou yovidiou og eva katdAAnAo otélexog Agrobacterium tumefaciens

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

KaAALEpyeLa EKHUTOU, APXLKWE OTNV TIOLPOUCLA KATIOLOU BaKTNPLOCTOTIKOU
niapAyovIa tou mapeUnodilel tnv avarmntuén touv Agrobacterium aAAd OXL TwV
dUTIKWV KUTTAPWV (T1.X. cefotaxime) kat o€ mapdyovta MAOYNG yLOL TNV ETILAOYN
TWV HETOUUOPPWHEVWV GUTIKWV KUTTAPWV/ TUNUATWV

ErtiAoyn Twv avayevwnUEVWY GUTWV yLa TV EkPpaon Twv SELKTWV EMIAOYNAC N
avadopac

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

v’ 2.1a0ep0¢ HETAOXNUATIOUOC PUTWV ﬂ




Agrobacterium-Mediated Rice Transformation







BouBoapdlopoc cwpatidbiwv

(BloAloTtikn, BopPapdlopoc mpoefoxwy, EMITAXUVTAG CWHATIOLWY, YyovidLako
OTtAO, OTIAO cwHATISlWV)
XpNon EMITOXUVOUEVWY PE HEYAAN TaXUTNTA OWHATO LWV —TtpoeéoxwV (aro xpuoo
N BoAdpapio) ota onoia cuvdeetal to DNA ntpog petadopd €10l WOTE va
SLamepVwWVTOL Ol EEWTEPLKEC KUTTUPLKEC OTOLRASEC ] TOL KUTTAPLKA TOLXWHLOTOL KOl
va eloépxetat to DNA oto kUtTapo

Firing pin H

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 tigsvemmiio 8eooalle.

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

this basic principle have been developed.



O

Jwpatidia xpuoou
ETUKOAUUHEVOL UE
DNA

Kuttaplko tolywpa




BouBapdlopoc cwpatidiwv

Duokég mapapeTpot mov Aappavovtal unoyn

<&

L)

* XNULKA cuoTtaon cwuatdlwy
» neyeboc kat oxnua cwpatdiwy (0.6-1.2 um)

s ToxuTNTA cWHATLOlWV (emitayuvon, anootaon oToxou, KEVO)
@ aplBuoc pkpoodapldiwv ava povada etoaywyng (LkavormonTikr KaAuvyn
TOU KUTTAPLKOU ETILITESOU OTOXOU KOl ELOXWPNOCN OTO KUTTOPOTIAQCKA KOLL TOV
nUpAva Xwpic tnv urtepBoALK VEKPWON TWV ETILPAVELAKWY KUTTOPLKWY LOTWV)
** OLAUETPOC OTOXEVONC

(R )

L)

(R )

L)

(R )

BloAoykéG mapapeTpol mou Aappavovtol unoyn

& anmopaLtTWE KUTTAPO ] LOTOL LE SUVOLLKOTNTO OVAYEVVNONC

(LEPLOTWUATIKOC LOTOC N EKuUTa TTou BouBapdilovtal Kol KATOTTLY EMAYWVTAL YLO
EUBpuoyEvean n kuttapa kaAdou kot euBpuoyevwy kaAAlepyewwy, euBpua, yupn)

& oTtadLo KUTTAPLKOU KUKAOU

& Soun kot péyeboc DNA SN
& ovuykévtpworn DNA (bead-loading rate): uéxpt 5 ug/ mg owuatibiwv A



Boupapdiopéc ocwpartidiwy

MAeovektpata

b Amoteleopatiki Kat ylo otabepd HETAOXNMOATIONO (HETapOpdwon)
KUTTAPWV- LOTWV —0pYyaVwV oAAQ Kol opyovidiwv (XAwpomAAoTeC)
b ATOTEAECUATIKA) OF TIEPUTTWOELC ONMOU OL GANEC TIPOCEVYIOELS
QTIOTUYXAVOUV
LY. “fUETOApOpdWON HovoKoTuAndovwyv dutwv

in planta petaoxnpatiopog BAaotwyv np avBswv pe BouBapdlopo
LEPLOTWHATWV

MelovekTipato

8 moA\amA\oTNTA TWV EVOETEWV
F avakaratdaéeic twv eloaydéviwy yoviSiwv

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

fovenioTiiio SeovaAle.

R



Metapoppwon xAwponAaotwyv

Novisiwpa mAaotidiwyv (plastome- ptDNA)
0 2To avwTtePa GUTA TTOAU CUVTNPNUEVO, LE ULIKPA TTIOWKIAOHOpdla oTnV opydvwaon KoL Th
o 120-130 yovidia avrikouv og SU0 KATNYOPLEC:
yovidia tou yevetikoU cuotripatog (FRNAs, tRNAs, ptBoowpikéc urtopovadeg, RNA
oAV EPAON)
yovidia pwrtoouvOeonc
o [ovidLo opyavwHEVO O€ OTIEPOVLOL KOl EKPaoT) TOUC 0€ TIOAUKLOTPOVLKA MRNAS

MéeBodot petaudppwaonc
Boupapdiopoc cwparidiwyv
(popeig Tou emiTpémouv opdAoyo avacuvdudopo6 pe To ptDNA)

fovenioTiiio SeovaAle.



NMAEOVEKTAOTO VEVETIKNC LETOMOPPWONC MAACTLOLWV

o0 YynAad enineda ékppaong mpwteivwy (HEXPL KoL 46% TN OALKNAC SLAAUTAC
NMPWTELVNC) AOYw TN HEYAANC TtoAuTtAoeldiag tou ptDNA (m.x.10-14
VOUKAEOELON ava YAwporAdotn, HExPL Kat 100 YAwpomAAoTEC ava KUTTAPO)

o0 Amouoia emyeveTikwy entdpaocewv (yovidlakn oilynon, enidpaoncg 6€onc)
o TomoB£tnon noAAamAwyv yovidiwv o€ onepovia

o KAnpovounon mAaotidiwv amod to OnAUKO yovea Katl OxL oo T yupn

Melovektnuata- MpofAnuata

O TIEPLOPLOUEVOC OPLOUOC ELOWV Elval ETILOEKTIKOC O€ PETANOPDWON
XAWpPOTAQCTWVY (KATVOC, TOUATA, ATATA, Brassica napus, Oryza sativa pe TIOAA
T(POPBANHOTA YOVILOTNTAG KOl ETEPOTIAACLLAC)

O QIOLTOUVTOL TTIOAAEC YEVEEC OE KUTTAPOKAAALEPYELD TIPLV TNV OITOKTNON
VEVETIKA oTtaBepwv SLayovidlakwyv putwv

fovenioTiiio SeovaAle.



Additional rounds of saeledcion
and regeneration

shoot proliferation and rooting

Artadoldpn TwV YovIOLWUATWY AypLoU-TUTIOU Kall
eykaOibpuon YEVETIKNC TpoTomnoinong o€ KAOe
avtiypado tou YAwpomAaoTikoU YOVIOLWATOG O€
KABe GUTIKO KUTTOPO :

OpolonAaopia (homoplasmy)

fovenioTiiio SeovaAle.

R



2uvOetikéc NoukAeaoec yia Novidtwpatiky Mnxavikn

(b)  Zinc-finger nucleases (ZFNs)

~9nt ~9nt

(d) CRISPR/Cas9

PAM motif
NGG

VAANYL,\ VAR \V/ ,\\

5

LR B R L L F B S L L

Cas9

i I 1 -3
~15nt ~15nt sgRNA

20 nt
(+ PAM motif)

gvowpatwon He akpifera O€onc tov emBupntou
YEVETLIKOU UALKOU O€ TTOAU KOlOOpPLOMEVEG OE0ELC HECA

oto yovidiwpa (genome editing)
QaveniaThlio Bevoaly,



Awayovidiaka Quta oto EUOpPLo

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

Commercial
GM crops I

Earlier R&D Advanced Regulatory
stages R&D pipeline

“Other”
GM crops




BloteXvoAoylkec epappoyEc- A

Atayovidlakd Qutd pe PEATIWHEVA OYPOVOULKA XOPOKTNPLOTIKA
‘/AVGEKTLKétnta o€ (Ll{avioKTova

‘/AVGEKTLKétnta o€ éviopa

‘/AVGSKTLKétnta o€ aoBevelec (BaktripLa, LUKNTEC, LOL)

‘/Avroxr'] o€ TEPIPAANOVTIKEC KATATIOVAOELC

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

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

.




\/AVGEKTLKétnra o€ (W avioKktova

fovenioTiiio SeovaAle.



1.

ZTPOATNYLKEG

Artotoélkomoinon {L{avIioKTOVOoU PE eloaywyn Yovidiwv Baktnplakng (kuplwc)
N GUTLKNG TIPOEAELONC

arapaltnTtec LOLOTNTEC YOVIOLWV

4.

amnoAutn e&eldikevon

“‘OVOVOVLG LAKOG XaApaKInNpag Agv givan anapaitnto va yvwpiloupe
va PNV arattel moAUTIAOKO GUVEVIU UL oV TpéTIo Spdiong

Ko} VU LK KLVNTLKA

armouoia ToELKOTNTAC TOU TTPOLOVTOC avtidpaong

Yriepmapaywyn tTng dUoLoAOYLKNC, LN-TPOTIOTIOLNEVNC TPWTEIVNG-0TOXOU

Tpormormnoinon tTNg MPWTEIVNG-0TOXOU

yvwotn n Bloxnuikn 6€on dpaong

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

Evioxvon tnc amotoilkomoinong amo evOoyeVvel LNXOVIOUOUC TOU d)uroumk,m

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



AvOektikotnta oto glufosinate
(phoshinopthricin)- BASTA

O H,C_
H.C_ # H,C__
P e bar / pat OH
HO ., HO

0O peptidase
! acetyltransferase H c

NH, NH,
_ Phosphinothricin O
Blalaphos . N-acetylphosphinothricin
(glufosinate)
competlt:ve
mhlbltfon
L-glutamate L-glutamine
otpatnywkn 1: etlcaywyn yovidiwv amotolkonoinong qovenaThiio e,

BoakTnpLakng MPoEAELUONG A



BlooUVOEC QP WHATIKWVY AUIVOEEWV QPOGPOPIKT €pLOPOLN  POGPOEVOATVPOGTAPVAIKO 05D

v
T
GIKIUIKO

v
v

Shikimate 3-phosphate ’

glyphosate | i l EPSP cuvBdon

5 eVOATUPOGTAPVACIKIL —3-QOCPOPIKO

|

Chorismate
Anthranilate Prephenate
¢ Arogenate

SN

Tryptophan Tyrosine Phenylalanine




\ Roundup Ready Soybeans
naup

Traditional Soybeans

Bol gard

with
Roundup Ready*
Cotton

fovenioTiiio SeovaAle.



AvOektikotnta oto glyphosate

oTPATNYLKA 2: UTtEPEKDPOON KN TpOoToTolNUéEVoU duTikoU yovidiou

[Tcamvsss T etctr

Petunia EPSP synthase cDNA

oTPATNYLKN 3: UTtEPEKPPAON TPOTIOTIOLNUEVNC TIPWTEIVNG-OTOXOU

v

Pet CTP

Pet N

E. coli mutant EPSPS

Y IR o

A tumeftaciens

e BI949 8t EPSPS

Maize mutant EPSPS T1021/ P106S

fovenioTiiio SeovaAle.



‘/AVGEKTLKémta o€ éviopa

fovenioTiiio SeovaAle.



AvOekTikOTNTA OE EVvIOoUA

£10aymwyr) YoviSiov aktnplakng apoeAsvong

B. thuringiensis:

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




ZTPOTNYLKEG

gLoaywyn yovidiwv Baktnplakng npoEAevong

*TIPOKOAAOUV WOUWTLKA AUoN EMONALAKWY KUTTAPWV TOU EVTIEPLKOU CWARVO TWV

EVIOMWV
Kapia emtintwon o aAAouc opyaviopoug

etouAaxLotov 40 SLadOPETLKEC OLKOYEVELEC YOVLS LWV

fovenioTiiio SeovaAle.



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

= Gene silencing

fovenioTiiio SeovaAle.



AlayoviSiakd @utd 216 YEVIAG

) SVOWPEVUEVA YAPAKTNPLOTIKA avlekTikoTnTag
o€ QCaVIOKTOVA KAl EVTIOUa

- SmartStax™ apafoorto¢ (MON 89034 x TC1507 x MON 88017x DAS-59122-7)
- RReady2Yield™ ooywa

& EEdAenpn yovidimv emmAoyng (avBektikotntag oe avtilotika)

] “Efvika” mpoiovia

I1.x. Bt Huahui-1 xan Bt Shanyou Shanyou-63 pv(1, Huazhong Agricultural
University, Kiva
Bt Baupaxt kau Bt brinjal (eggplant) , IvSia

fovenioTiiio SeovaAle.



2toxol TnG Brotexvoloyiac putwv ocnUEPA
“food, feed, fiber”

[ J®uta pe avBektikoTnTA 08 APfOTIKEG KATATTOVNOEIG: Enpaocia /
aAaToTnTA / EAAeyY” BpenTikmv oToteElmV — Kuplwg N / P

dutd pe aviekTikOTnTA 08 A0OEveIEg

Blokavoiua

dvutoamoppumavon,/ PuToATOKATACTAOT)

ITepiarrov kal Aew@opikn 'empyla

fovenioTiiio SeovaAle.



H avantuén twv putwv avaoTteEAAETAL Ao TNV Enpaoctia

Areas of physical and economic water scarcity

Little or no water scarcity
I Physical water scarcity
] Approaching physical water scarcity

- Econoric water scarcity
Not estimated

)
Source: IMWI report, Insights from the Comprehensive Assessment of
Water Management in Agricutture, 2006 / pB
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2

D

'
55
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http://www.iwmi.cgiar.org/

YrtapxeL avaykn yiot KaAAALEpYELA PUTWV UTIO CUVONKEC
KOTATIOVN O NG

YynAn Beppokpacia
- Kal Enpaocia pelwveL

™ dUTIKA TTopaAywyN

Au&nuevn aroaitnon ywa
KAAALEPYAOLLLN VN
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H aAAayn €vOoc Kal LOVOo yoviOLou auéAaveL TNV avtoxn
otnv Enpaocia

./\’/

Drought-resistant Ve ~
L/ N /

)( 7 % -\ L4 j‘?L\'r s ,

Wild-type QM”EE mmm
Well-watered 10 days drought 20 days drought After re-watering

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

Eva peyoAUTEPO PLULKO CUCTNUO CUVELODEPEL OTNV AVTOXN OTNV

¢Enpaoia

Drought Drought

Wild-type tolerant Wild-type tolerant
W

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

Gene for Proof Development

drought of concept in crop
ongoing

tolerance
identified

Crop e.g. corn

N.x. DroughtGard™Hybrids system Monsanto, 2013 ywa kaAAiépyeLa 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
IJOth Erl‘
GM crops
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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 M

Com jlalin Com lal Regulatury Advapred
Trait category? m plm pipeline developmert Total by 2015P
Insect resistance ' 21 \ !E 11 25 59
Herbicide tolerance 11 5 4 13 33
Product quality® 2 1 b 12 20
Virus resistance 5 0 2 3 10
Abiotic stress tolerance 0 0 1 6 7
Other \ 0 / \D / 2 11 13
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ApaBoéoiTog, TrepieXONEVO O€ Auoivn

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

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

-2oyla, TpoTroTroinMEVA AlITrapa (EAAIKO / OTEAPIOOVIKO — W-3-)
AVOEKTIKOTNTA OE VIMATWOEIG

-MaTtata avleKTIKOTNTA € MUKNTES/ TPOTTOTTOINMEVO AMUAO seveneThiao Sexuli

-Golden Rice @




Ta moAvet putd pooAapfavouv BpeMTIKA oTOLXELOKAL VEPO KAAUTEPA OTTO TAL
KaAALepyoUpeva putd

H diaoTaupwaon
KOAAIEQYOUNEVWV QUTWV
QUTA UTTOPEI va
EAQTTWOEI TNV £CAPTNON
TOUG O€ VEPO Kal
AiITTaouaTa

Thinopyrum intermedium

Photo credit: Jodi Torpey, westerngardeners.com
“uvmwrm.uo em,\bs,


http://www.westerngardeners.com/foodshed-challenges-require-new-thinking.html

H AitTtavon €ival pia evepyoopa Auon

* Ta. KaAALEpyoU pEVA duTA
xpelalovtol Aitrtovon- KAALo,
dwodopo, alwTto Kol AAAA BpeMTIKA
oToLXEl

* To kAALo KoL 0 pwodopoc eival pn
QVOLVEWOLUOL

*H ocuvBeon Twv alwtoUXWV
AUmaopatwy ival evepyoopa

Photo credits: Mining Top News; Library of Congress, Prints & Photographs Division, FSA-OWI Collecti%%vww
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http://www.miningtopnews.com/rio-tinto-reaches-agreement-to-sell-potash-assets-and-brazilian-iron-ore-operation.html
http://hdl.loc.gov/loc.pnp/fsac.1a35070
http://hdl.loc.gov/loc.pnp/fsac.1a35070
http://hdl.loc.gov/loc.pnp/fsac.1a35070
http://hdl.loc.gov/loc.pnp/fsac.1a35070
http://hdl.loc.gov/loc.pnp/fsac.1a35070
http://hdl.loc.gov/loc.pnp/fsac.1a35070

H npooAnyn Opemtikwv oo dkou¢ petadopeic LMOpPEL va
BeAtiwOel

== = symplastic NHg* rhizo endo peric xyl

>asparian strip

..L€ TILO aTTOSOTIKA CUCTAHOTA
HeETOdOPAC
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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 A
Arabidopsis roots depends on the spatial arrangement and biochemical properties of AMT1-type transporters. Plant Cell 19: 2636-2652.


http://www.plantcell.org/cgi/content/abstract/19/8/2636
http://www.plantcell.org/cgi/content/abstract/19/8/2636
http://www.plantcell.org/cgi/content/abstract/19/8/2636

...L€ TN OnuLoupyia Blo-aloOntnpwv

OL avaykeg tou putol U TIC SLAPOpPEC
ouvOnkeg meptBaiAovtoc pmopouv va
Kataypadovtal Kot va yivetal avaioyn
npocappoyn otn dlaxeiplon tTwv
KAAALEPYELWV
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Ytoyol ¢ froteyvoroyiag pUT®V GTUEPA
“food, feed, fiber”

AypovoUIKA YO pAKTNPIOTIKA:
avOekTikoTnTA 08 aoBeveleg (LvknTeg, Paktnpia, 101)

Qifavia

ex0poi

AvlpwITog

aoBéveieg



PDuown apuva putwv
= Avatopka xopaktnplotika (deAlotl, knpot K.T.A.)
= [lpooxnNUATIOUEVOL PETABOAITEC KAl XNULKA TtpooTaoia
(avtipkpoBlakeg mpwteiveg, r.x.defensins, deutepoyeveic
netaPolitec, putoavtioutiveg kot GutoaAetivec)

= Emaywpeva cvotipata

= ALOCUOTNMOTLKN avVToXh
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FNovidia avOektikotnTac R kat aviidbpaon unepsvatodnoiac HR

Pathogen

Pathogenesis genes

=) (=D (=D(C=)

geneproduct
Resistance
Soduct [ N ([ N N R
Resistance Disease Disease Disease
o 2N A N L v
(a) (b) (c) (d)

Plant cell



ALOLOUOTNUOTIKA 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

%
0a

Fungus attacks via pore.-localised HR

SAR induced in otherplant
parts awayfrom the
initial site of infection

Signal transduction through
the plant to generate SAR
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2TPOATNYLKEG yia “Odlapkn” avOektikoTNTA

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

rt.x.Oryza sativa — Xanthomonas

oryzae pv oryzae, YIEPEXOVT Inoculated with fungus

yovidia Xa21, Xa4 kat urtoteAn

xa5, xal3 Resistant ‘ Susceptible

= 0TOXOC oUVTNPNUEVOL avirulence
loci

T.X.Bs2-avrBs2, muepla-
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.

Not
inoculated
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http://www.pnas.org/content/100/16/9128.abstract
http://www.pnas.org/content/100/16/9128.abstract
http://www.pnas.org/content/100/16/9128.abstract

Phytophthora infestans -
TTATATA

Puccinia graminis tritici-
oITaP!



http://www.news.cornell.edu/

MEeTOOUAAEKTIKN QualoAoyia

Photo credits: Cornell University ; ARC



http://www.hort.cornell.edu/department/faculty/watkins/Newsletter2005.pdf
http://www.arc.agric.za/institutes/infruit/main/divisions/postharvestprocessing/fruitquality.htm

White Rose
(6.8 uE m*sec”)

METAGUANEKTIKEG
ANWAELEG PTAVOUV TO
50% NG mapaywyng

Days = -0.106 + 0.6937(GS)

o 1 2 3 4 65§ 6 7 8 9

Greening Scale

Time (days)

o - N W A 00 O
| IR SN SN ST S —

«TIpaACLVIOMA» TTOTATAC AOYW TNC
ooAawvivng, ToLkr) o HEYAAEC
TLOOOTNTEC

Aspergillus mold growing on corn kernels.

Photo credits: Dr. C.M. Christensen, Univ. of Minnesota.; WSU; Pavalista, A.D. 2001
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http://www.wsu.edu/~fullern/greening/Greening.htm
http://web.aces.uiuc.edu/vista/pdf_pubs/206.PDF
http://www.wsu.edu/~fullern/greening/Greening.htm
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1089&context=extensionhist
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1089&context=extensionhist

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 M

Com jlalin Com lal Regulatury Advapred
Trait category? m plm pipeline developmert Total by 2015P
Insect resistance ' 21 \ !E 11 25 59
Herbicide tolerance 11 5 4 13 33
Product quality® 2 1 b 12 20
Virus resistance 5 0 2 3 10
Abiotic stress tolerance 0 0 1 6 7
Other \ 0 / \D / 2 11 13
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ApaBoéoiTog, TrepieXONEVO O€ Auoivn

ApaBooitog, avlekTIKOTNTA € Enpacia (cspB, Bacillus subtilis)

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

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

-Matata avOeKTIKOTNTA C€ HUKNTEG/ TPOTTOTTOINMEVO GAMUAO
-Golden Rice
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KUTTOPIKA TOIXWHOTO TWV
PUTIKWYV KUTTAPWYV

ArtoteloUvtal KUpilwe amod vdatdvBpaKkeg Kot
TIPWTELVEC.

Middle {
Lamella

|

Cellulose
Microfibril
Primary
Cellwall 5
Plasma { ~\ Hemicellulose
Membrane

Soluble
Protein

To SeutepoyeVvEC TolywH
neplthapBavel Ayvivn

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



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

To EUAO atroTeAEi BACIKA TTPWTN UAN YE TTOAANQTTAEG XPNOEIC

‘Evduon

KaTtaokeuég Kal
ETTITTAQ

Rembrandt van Rijn (1631)

Tveg kavvapng
Kal Aivapil

fovenioTiiio SeovaAle.

R



Photo credits: Chen Lab; IFPC

MowkiAiec BapPakiol emIAEyovTaL OE TIPOYPOAOTO
BeAtlwonc yLa avBeKkTkOTNTA 0 €XOpouC Kal KAAUTEPN
moLoTNTA Vo N —

R


http://cottongenomics.biosci.utexas.edu/
http://www.cottonpromotion.org/

To yovidiwpa TG AeUkag gival dIaBEaiuo

Pulp bleaching

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

After cooking 0, Bleaching


http://www.chmltech.com/

Biokauaoiua- AiIBavoAn

Aladdopa cakyoapa Kot
KuTtapivn urnopouv va
~ {nuwBouv mpog

% mopaywyr aBavoAng

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

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



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

Cellulose molecule

"°H(,\J\ oy Ho\:\o”/é#°

L) e JoAT : Glucose Cellobiose
SN T | gk Cellulose is made up of double glucose molecules
Lignin (cellobiose).
/ Cellulose
KuTtapika 11}
R 11 Ethanol
aTmmo -
GpGBéoﬂo Pretreatment > -
Kol aAAa
QUTIKA A\
UTTOAEippaTa \ | /

N\
\ Hemicellulose

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



http://3media.initialized.org/photos/2003-10-25/73 Corn stalks.jpg
http://www.renewablefuels.com.au/e85.html
http://genomicsgtl.energy.gov/biofuels/placemat.shtml

Blokavolpa-BlovtileA

Nopaywyn BlovtileA oo EAALOKOULKA puTA
(ooyLa, eAatokpapfBn, aAyec)
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Image sources: Tilo Hauke, University of Minnesota, lowa State University Extension.



http://de.wikipedia.org/wiki/Benutzer:TiHa
http://de.wikipedia.org/wiki/Benutzer:TiHa
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

Ta «evepyelaka» ¢dutd SLadEPOUV WCE ITPOC TO TIEPLEXOUEVO TOUC OE
XPNOLLLEC TIPWTEC UAEC yLa Ttapaywyn Plokavoipwy

1 Cellulose [ Xylose
O Hemicellulose [@ Arabinose
M Lignin [ Galactose
__ Hl Mannose
Corn stover
Wheat straw Rice straw Miscanthus
Sorghum Sugar cane Switchgrass
Hardwood Softwood v o Nag




Miscanthus giganteus:
EVOL EVEPYELALKO UTO TTOU
avarntuostal taxutata
Kol KAAALEpYELTOL O€
ebadn akataAAnAa yLa
duTA-TIaPAYWYELC
TPodNG

Photo Illustration courtesy S. Long Lab, University of Illinois, 2006
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ATIO TNV mopaywyn Plokauoipwy pmopouv va rtapaxBoulv Kot ToAAd AAAa
npoiovta avénuevng npootBepevnc atlog

(ne Tnv meplooela tng Blopalog mx a€lomoinon Ayvivng)

Primary Product

‘Value Added’ Products



Plant resource % Hemicellulose = % Cellulose | % Lignin"

*Typical aromatic

polymer containing:
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Depending on the
bioresource and
isolation method-
24-28 39-46 29-32 ology, oleciilds

weights for native
lignin have been

| reported from
78,400 [in spruce
(7118)] to 8300 [in
Miscanthus (7179)]
g mol', which are

23 4 28 derived from C9

monolignols as

\dmcribed in Fig. 2. -

/




Chemical building blocks for

+ Plastics

* Industrial additives
/’ ' Biomedical applications

/’ //,,_.
Cellulose & /

p—
-

Hemi-cellulose PASESSRNESETR !

;//
g " 4
~ Lignin recovery
ug“i“ ~ and conversion by
Aromatics thermochemical
Resource or biological w
methods

Ethanol or
Advanced Fuels
‘\
X ¢ ~ Fungible i)
Sl
\
Carbon Fiber 14
Production e
Products in
; © Fuels
=T . + Composites

- Plastics

Ragauskas et al, 2014
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2toxol TnG Brotexvoloyiac putwv ocnUEPA
“food, feed, fiber”

dvuta pe feATiwUEVA YAPAKTIPIOTIKA TTOI0TNTAG
(BroepmmAovtiouog oe Prrauiveg, oidnpo K.a.)

duta pe feATIwUEVA XYAPAKTPIOTIKA AtOS00N G

TPOITOOINON HETAPOAIGHOV
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H kokn Statpodn kat n EANeWPn TpodnG: Eva TTAYKOOULO
nPOBANUa

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€ BPETTITIKA OUCTATIKA OTA QPUTA UTTOPEI VA
Bondnoel TNV EAAEIYPN / KAk dlaTpo@n



commons.wikimedia.org/wiki/File:Vitamin_A_deficiency.PNG
commons.wikimedia.org/wiki/File:Vitamin_A_deficiency.PNG
http://www.who.int/nutrition/publications/vitamin_a_pub/en/
http://www.who.int/vmnis/anaemia/prevalence/summary/anaemia_data_status/en/index.html

Cassava: n Baoikni
TpOoPnN aTnV AQPIKN

gival Twy o€ BPETTTIKA
OuUCTaTIKA

Molk\ia eVpEwC
KAAALEPYOU EVN

NEa molkIAla pe

QUENUEVN TTOPOYWYN
Brtapivng A
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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.


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

ELUTTAOUTLOMOC LE YEVETLKN TPOTIOMOLNON

POQL pe avénuévn
OUYKEVTpwaon oldrjpou

NTopATEC pHe auENUEVN
OUYKEVTPWON OVTLOEELO WTLKWV
avBokuavivwv

Golden Rice

fovenioTiiio SeovaAle.

Photo credits: Golden Rice Humanitarian Board © 2007; Credit: ETH Zurich / Christof Sautter; Reprinted by permission
from Macmillan Publishers, Ltd: 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.goldenrice.org/
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.swissinfo.ch/eng/science_technology/Scientists_unveil_iron_enriched_super_rice.html?siteSect=511&sid=11020125&rss=true&ty=st
http://www.swissinfo.ch/eng/science_technology/Scientists_unveil_iron_enriched_super_rice.html?siteSect=511&sid=11020125&rss=true&ty=st
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
http://www.nature.com/nbt/journal/v26/n11/abs/nbt.1506.html
http://www.nature.com/nbt/journal/v26/n11/abs/nbt.1506.html
http://www.nature.com/nbt/journal/v26/n11/abs/nbt.1506.html

= 25 mg/g B-carotene

+EUTTAOVTIONOG O
Brrauivn E kot oiénpo

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

Daffodil \ < Bacterial Daffodil \ <
phytoene " carotene lycopene ’
synthase " desaturase B-cyclase
gene (psy) gene (crtl) gene (lcy)

Genes introduced
into rice genome \ w \

Rice . .. "
chromosome '
Expression
in endosperm Y Y Y
Phytoene Carotene B-Cyclase
synthase desaturase

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



AU&non 169X otnv moootnta a-KAPOTEVIOU,
6X aokopPLkou o&€oc Kot 2X PpoAlkoU o€€o¢

Méow omovOuAwTH ¢ petadopac DNA e

Navqi 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 NOVEMBEE 2008
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Figure: The pipeline of GM crops from early R&D to commercialization

Earlier R&D Advanced Regulatory Commercial Commercial
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Cinchona: Trapaywyn Kivivng otov Kopuo -
KatatroAéunon Plasmodium

Al

Image credits: Kohler; CDC
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Artemisia annua: TTapAyel APTEPIOIVN, £va ATTOTEAEOUATIKO TPITEPTTEVIO
Yia TNV KAtatroAéunon TnG eAovoaiag

Artemisia ¢ Artemisinin

H

200_..' : " U Lo L . s S R S :
M Production ' 5 : : : E : : :

1504 = Demand* . . B ...

Tonnes of
artemisinin

OL anattnoeLg yla 1001
apteptoivn emepvouv tnv =V (B SR RS S
Topaywyr oL,
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*0One tonne gives about two million doses of artemisinin-based combination therapy.

.

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.
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Anuioupyia yevoTUTTWV Artemisia
ME QUENMEVN TTOPAYWYN

15 JANUARY 2010 WVOL 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 Har\.rt:],r,1 Peter G. Isaac, Awais M. Khan,! Tony R. Larson,t
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™*

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

Moni root extract Anthraguinones, alkaloids Health food extract Morinda citrifolia roots

Mootkatone Sesquiterpene Flavour Citrus = paradisi (grapefruit) 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 Phenylpropanoid Flavour Seed pods of Vanilla planifolia

fovenioTiiio SeovaAle.
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AtayoviSLoka GuTa yLa Ttapoywyr mpoiloviwy

(molecular farming/ poplakn aypokaAALEpyeLa)
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Fig. 1. Comparison of various commercial recombinant protein
expression systems
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Safflower
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A seed structure with a protein

coat that stores energy for Proteins
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Protalix Blotherapeutlcs

http://www.elelyso.com/how-elelyso-is-made

ELELYSO™ (taliglucerase alfa): ukooepeBpooidaon yia Fepamncsio urtokataotaonc ev{UUoU
o€ vooo Gaucher
FDA 2012, Pfizer

.



http://www.medicago.com/English/Technologi
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Table 5. Examples of plant-based expression systems used for pharmaceutical protein production

System

Protein

Expression

Company’

Stable nuclear transformation systems

Whole plant (cytosolic)

Cellular compartment  Vacuole

ER

Apoplast

Tissue-specificity Seed

Tuber

Root

Fruit
Exudate

Stable plastid transformation system
Chloroplast

Transient transformation system
Viral

HbsAg, vaccine [65]
collagen [66]

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

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

IlgG1 [55]

IgA/G [72]

lgG1, Fab [73]
avidin [74]

hirudin [61]

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

somatotropin [78]

a-trichosanthin [79]

0.007% TSP
1 mg/g DW

0.032% TSP
not reported
1% TSP

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

6% TSP

1% FW

2% TSP

0.003% TSP

not reported

20 nug/g DW/day
2.8% TEP

7% TSP

2% TSP

AltaGen Bioscience Inc. (potato)
CropTech Corp. (tobacco)
Medicago Inc. (alfalfa)

Meristem Therapeutics (tobacco)
PlantGenix Inc. (not reported)

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. (tobacco)

Abbreviations: DW, dry weight; ER, endoplasmic reticulum; FW, 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

Indication

Company/Organization

Crop Status

WVarious single- Antibody

MNon-Hodgkin's Large Scale Biology Corp

Viral vectors Phase [

chain Fv anti- lvmphoma in tobacco
bodv fragments
CaroRx Antibody  Dental caries  Planet Biotechnology Inc. Transgenic  Phase I1
tobacco
E. colf heat- Vaccine Diarrhoea Prodigene Inc. Transgenic  Phase |
labile toxin maize
Arntzen group Transgenic  Phase |
(Tacket et al, 1998) potato
Gastric lipase  Therapeutic Cystic fibrosis, Meristem Therapeutics Transgenic  Phase II
BNZYITIE pancreatitis maize
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 Sclences  lettuce
Human Dietary Vitamin B12  Cobento Biotech AS Transgenic Phase II
intrinsic factor deficiency Arabidopsis
Lactoferrin Dietary Castrointestinal Meristem Therapeutics Transgenic Phase |
infections maize
Morwalk virus  Vaccine MNorwalk virus  Arntzen group Transgenic  Phase |
capsid protein infection (Tacket et al, 2000) potato
vwovenioTiiio SeovaAle.
Habies Vaccine Rabies Yusibov et al (2002)

dlycoprotein

Viral vectors Phase [
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, Gerrmany
Cobento Biotech,
Denmark
CropDesign®

ERA Plantech, Spain

Fraunhofer IME,
Germany
Gresnovation Biotech
GmbH, Germany®
lcon Genetics AG,
Germany®

LemnaGene 5.4,
France®

Maltagen Forschung
GmbH, Germany
Meristem
Therapeutics, France

Movoplant GmbH,
Germany

ORF Genetics,
leeland®

Phyton Biotech,
Germany
Pharma-Planta
Project, European
Community
FlantBio Products,
Spain

Flantechno SEL, ltaly

Planton, Gerrmany
Plant Research
International, The
Metherlands
SunGene, Gcrn’nar‘ﬂn,-'f

Svyngenta, Switzerland

UniCrop Ltd, Finland

Brassica (viral expression)
Brassica, tabacco
Mot specified

Arabidopsis

Maize, rice

Protzin bodies in most plant
tissues and species

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

Tobacco, Nicotiana benthamiana,
gpinach, red beests

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

Human 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, DMNase, RNase
inhibitor, insulin

Mot specified

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

Gastric lipase IMERISPASE®), albumin, human collagen, human
lactoferrin, human IgA (x4), dust mite allergens, murine lgh
(monomeric) and human plasma proteins

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, enzy mes

S ources: [1,4] company websites (Box 2); “this company recently became a fully owned subsidiary of BASF; “licence agreementwith Bayer; “this company recently became a
fully owned subsidiary of Bayer; *recently scquired by the US company Biolex Therapeutics; 'leeland is not & mem ber of the EU but belongs to the European Economic Area;
"joint venture of BASF Plant Science, the Institute of Plant Genetics and Crop Plant Research.
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Box 2. Useful links

Agrenvec: hitp:fwww.agrenvec.es

Arizona State University: http:/www.asu.edu/

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

Bayer Crop Science: httpy/www.bayercropscience.com
Biolex Therapeutics: hitpJfwww.biolex.com

Biotechnology Industry Organization: http:{www.bio.org

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

c.ca
gobento Biotech AS: httpsfwww.cobento.dk

CropDesign: http://ww.cropdesign.com

Dow Agro Sciences: hitpy/www.dowagro.com/newsroom/
corporatenews/2006/20060131b.htm

Environment Protection Agency (EPA): hitp://www.epa.gov/
ERA Plantech: http:fwww.erabiotech.com

EuropaBio: http:/Aww.europabio.org

European Food Safety Authority: http:/www.efsa.eu.int
European Plant Science Organisation: http:/fwww.epsoweb.org
Fraunhofer Gesellschaft: http:/fwww.fraunhofer.de/fhg/EN/
Fraunhofer IME: http:/Awww.ime. fraunhofer.de

German Parliament: http:/www.bundestag.de

Greenovation Biotech GmbH: http/fwww.greenovation.com
lcon Genetics AG: http:/f'www.icongenetics.com

Institute for Prospective Technology Studies: http:/fwww.jrc.es
International Alliance of Patients” Organizations: http:fwaww.
patientsorganizations.org/

Large Scale Biology Company: http:/iwww.|sbc.com
LemnaGene S.A: hitp/dwww. lemnagene.com

Maltagen Forschung GmbH: http://www.maltagen.de
Meristem Therapeutics: http:/fwww.meristem-therapeutics.com
Mational Corn Growers Association: hitp//www.ncga.com/
MNovoplant GmbH: hitp:fwww.novoplant.de

Office of Technology Assessment at the German Parliament:
hitpyfwww.tab.fzk.de/home_en.htm

ORF Genetics: http:fwww.orfgenetics.com

Pharma-Planta Project: http:/www.pharma-planta.org
Phyton Biotech: http:/fwww. phytonbiotech.com

Planet Biotechnology: http:/fwww.planetbiotechnology.com
Plant Research International: http:/fww.priawur.nl

PlantBio Products: http:/fwww.plantbio products.es

Planton: hitp:/www.planton.de

SemBioSys Genetics Inc.: http /fwww.sembiosys.ca
Sigma-Aldrich: http:/Anww.sigmaaldrich.com

SunGene: http//www.sungene.de

Syngenta: http:/fwww.syngenta.com

UniCrop Ltd: http:/Awww.unicrop.fi

United States Department of Agriculture (USDA]: http:fwaa.
usda.gov

Ventria: http:/fwww.ventria.com
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Expression systems for the production of biopolymers in plants:

« Ubiquitous expression and
expression of transgenic
proteins in storage organs (e.q. tubers, seeds)

« Accumulation in ‘optimal’
compartments (e.g. ER, chloroplast)

« Production of plastic-like biomaterials Leaves
in chloroplasts and peroxisomes

e

Mucleus Tubers
' ‘%\ ER and roots

\thurnplas}) Perumsnrne ), S ; '

Current Opinion in Plant Biology
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2TOYOL TNC ETLOTAMNG duTwV yLa to 2015-2025 (Decadal Vision Report, ASPB)

» BeAtlwon tng Lkavotntag vo PO BAETTOVTOL TA XOPAKTNPLOTIKA TwV GUTWV Ao Ta
dUTIKA yoviSlwpata o€ molkida eptBaAiovta

> JuvaBpolon GUTIKWVY XaPAKTNPLOTIKWY o Sladpopouc ocuvSuaopouC LE OKOTIO TNV
ETLAUON OUYKEKPLUEVOU TIPOBANATOC

» AvokaAun, kataypodn Kot xprion Gutikwyv petafolttwy (Bloxnuela, xnuela)

» BeAtlwon tng IKavoTNTOC EUPECNC ATIOVTII|OEWY OVAECO OE TEPAOTLO OYKO

dedopévwy (BromAnpodopikn)
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