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Figure: The pipeline of GM crops from early R&D to commercialization
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Global Area of Biotech Crops, 1996 to 2007:
By Crop (Million Hectares)
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Source: Clive James, 2008 BIOTECH SEED MARKET BY CROP

Maize 48.4%
Soybeans 40.0%

Cotton 8.5%
Canocla 2.6%

Others 0.5%

TOTAL = $9,150 million



GLOBAL AREA OF BIOTECH CROPS N2
Million Hectares (1996-2009) IS AAA

INTERNATIONAL SERVICE
FOR THE ACQUISITION
OF AGRI-BIOTECH
APPLICATIONS
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A record 14 million farmers, in 25 countries, planted 134 million hectares (330 million acres)
in 2009, a significant increase of 7% or 9 million hectares (22 million acres) over 2008.

Source: Clive James, 2009.




Biotech Crop Countries and Mega-Countries*, 2009

#5 #20 #ile #19 #22 #25 #21
Canada® Poriugal Spain* Crech Republic || Poland Slovakia Romania
8.2 Million Has. <005 Million Has. 0.1 Million Has. =005 Million Has. | | =005 Million Has. | | <005 Million Has. =005 Million Has.
Maize Maize Maiize Maize Maize Maize
Canola, Maize, — T T
Soybean, Sugarbeet \
#6
hina*
#1 3.7 Million Has.
LisA*
Coten, Tofnag,
64.0 Million Has. Fopiin, Prpays, Sweet
Soybean, Maize, Pepper
Cotton, Canola, o
5c|pash, Fapaya,
Alialfa, Sugarbeat Tafia®
B4 Million Has.
#15 Coltan
Mexico*
0.1 Million Has. #11
Philippines*®
St S 0.5 Million Has.
Maize
#18
Honduras #24
=005 Million Has. Egypt
e <0.05 Million Has.
Maize
#23
Costa Rica #12
=005 Million Has. Australia®
Cobon, Scybean 0.2 Million Has.
» Cotton, Canola
#17
R li 3
af’m‘: - \ Eu.rk:'na Faso
: o Fas. 0.1 Million Has.
Cobion \ -
#10 #16 #8
Beolivia® Chile A%Hnﬂﬂd Uruguay f dmgu.uy Br.d'zr.f' South Africa*
0.8 Million Has. <0.05 Million Has. | | 21.5 Million Has. 0.8 Million Has. 2.2 Million Has. 214 Million Has. 2.1 Million Has.
Soybean Maize, sovbean, Canola | | Sovbean, Maize, Collon | | Seybean, Maize Soybean Soybean, Maize, Colon haize, Sovbean, Cotion

[] * 15 biotech mega-countries growing 50,000 hectares, or more, of biotech crops.

Source: Clive James, 2009.
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BioTexvoAoyikEC epappoyéc- A

Aiayovidiakd Butd pe PeATiwpéva aypovopikd XapdKTNPIoTIKA
‘/AVGeKTIKéTnTa oc (1{aviokToOva

‘/AVGEKTIKéTnTa o€ £vToud

4 AVOEeKTIKOTNTA 0c aoBéveiec (PakTnpia, HUKNTEC, 10i)

‘V/AVToxr'\ o€ TePIPAAANOVTIKEC KATATTOVAOEIC



Aiayovidiaka @uta He avOeKTIKOTNTA OF
CilaviokTova

Mari aura;

v' 0 pynxaviopdcg dpdonc ouykekpipévwy JiIZaviokTOVWY Kai Td pHeTaPoAikd
povoTtaTia mou emnpéalav nTav yvwaoTtd (eTepoyevAC opdda evwoewy)

v 1d Piohoyikd “epyaAcia” yia Tnv emiTUXid TG AvOEKTIKATNTAC UTTHPXAV:
avOeKTIKA PAKTAPIA, TIOIKIAIEC HE avTOoXh €TIAEYHEVEC OF
IoToKaAAIEpyeiec, avOeKkTIKEC KaAAiépyeiec katl (i1Idvia oTov aypo

v' n avBeKkTIKOTNTA ATAV duvdTHh HUE TN HedoAdPnon evoc pHovadidiou
yovidiou, To oTroio XpnoipoToleiTal Kal wW¢ OcikTNG £TIAOYAC

v gumopikoi Adyol



(iIdavia

exOpoi

AavOpwITTog

ao0Eveleg



M-

2 TPATNYIKEC

1. Amotolikomoinan (1{aviokTOvou e €l
(kupiwc) R QUTIKAC TTpoEAEUONG
dmapdaiTnTEC 1010TNTEC YOoVIQiwyY
+ amoAuTth e€ei1dikeuon
HOVOYOVIOIaKOG XAPAKTNPAG Aev eiva anapaitnto va
va gnv amnaitei moAUTAoka ouvévlupua yvwpiZouys Tov Tpdmo dpdonc
kKaAn evCUHIKA KIVNTIKA
amouaia ToIKOTNTAC TOU TIPOIOVTOC avTidpaong

2. Ymepmapaywyn ThG QUOIOAOYIKAC, HN-TPOTIOTTOINHEVNC TTPWTEIVNC-
oTOXO0U

3. TpoTmoTmoinon ThE TTPWTEIVNG-O0TOXO0U
YVWOTh n Proxnyikn ©€an dpaong
OuvaToTNTA OTH HOPIAKA HNXAVIKA TPOTTOTT0inoNG?
EVTOTTIIOHOC 0€ UTTOKUTTAPIKA OlapepiopaTa
moAupepn évlupa

4. Evioxuon Tn¢ amoTofikoToinong amo evOOYeEVEIC HNXaviopoUg Tou guToU
(kutoxpwpa P450, petapepdon S Tng yAoutaBeiovng , GST)



AvOekTIKOTNTA OTO glufosinate
(phoshinopthr‘icin)- BASTA

e O H,C._
’ \/P/ Ala/Ala bar / pat
e \H/g

0O peptldase
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: e
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NH

Blalaphos . N-acetylphosphinothricin
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competitive
o inhibition O
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oTpaTtnyikn 1. eicaywyn yovidiwv amoTof IKoTroinong
PakThplakA¢ TtpoéAcuong



AvOekTIKOTNTA Ot sulphonylureas/ imidazolinones

Agvkivn
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AvOekTIKOTNTA Ot sulphonylureas/ imidazolinones

oTpatnyikn 1. eiocaywyn yovidiwv amoé Ppaktipia, (UPEC Kal puTd

!

OoTPATNYIKA 3: TPOTIOTTOINON TTPWTEIVNG - OTOXOU

Ser621] —— Asné6?21

Zhu et al, 1999: Targeted manipulation of maize genes /n vivo using chimeric
RNA/DNA oligonucleotides. PNAS, 96, 8786-73



BiooUvOeon apwua'nKu'uv aulvoﬁéwv POGPOPIKN EpLOPON  POSPOEVOATLPOGTAPVAIKO 0ED
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AvOekTIKOTNTA O0TO glyphosate

(Roundup)
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AvOekTIKOTNTA OTO glyphosate

OTPATNYIKA 2: UTtEPEKPPATN KN TPOTTOTIOINKEVOU PUTIKOU Yyovidiou

[TGamvsss | eictr

Petunia EPSP synthase cDNA

OTPATNYIKA 3: UTTEPEKPPATH TPOTIOTTOINHEVNE TIPWTEIVNG-OTOXO0U
v

Pet CTP

Pet N

E. coli mutant EPSPS

Y I o

A tumeiaciens

SR

Maize mutant EPSPS T10211 P106S

aAAd kai oTpaTthyikA 3 o€ cuvduaopo pe kataPoAiopod Tou

glyphosate

(60X: ogeiddon Tou glyphosate — apivoueBuApwogovikéd ofU + YAUOLUAIKS 0&U



ﬁ ROUNDUP READY 2 YIELD
; SOYBEANS

s —

the Genuity® Roundup Ready 2

Yield® gene is situated in one of

high-yield DNA regionst identified

through extensive gene mapping to

help deliver high-yield potential. @

MONSANTO



Aiayovidiaka @uta pe avOeKTIKOTNTA Ot €vTopd

KUpiec katnyopieg evTopwv-exBpwv:
Lepidoptera

Diptera

Orthoptera

Homoptera

Coleoptera



AvOektikOoTnTA OE EVTONU U

J

SLI0AYWYT] YOVIOI®WV BaKTnNplakng TIPOEAEVONG

B. thuringiensis:

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



2 TPATNYIKEC

gloaywyn yovidiwv PakTnpiakng mpoEAsuong

—

*TPOKAAOUV WOHWTIKA AUon emiOnAIaKWY KUTTAPWY TOU EVTEPIKOU
ocwAnva Twv evTopwyv
Kapia ewinTwon og aAAouc opyaviopoUc

‘TouAaxiotov 40 d1aPopETIKEC OIKOYEVEIEC YOVIdiwv



Table 6.3 The range of insecticidal crystal proteins in individual Bacillus thuringiensis strains

B.t. subpecies and strains  Crystal protein

aizawai CrylAa, CrylAb, Cryl1Ad, Cry1Ca, Cry1Da,
Cry1Eb, Cry1Fa, Cry9Ea, Cry39Aa, Cry40Aa

entomocidus Cry1lAa, Cry1Ba, Cry1Ca, Cryllb

galleriae CrylAb, CrylAc, Cry1Da, Cry1Cb, Cry7Aa,
Cry8Da, Cry9Aa, Cry9Ba

israelensis Cryl10Aa, Cryll1Aa

japonensis Cry8Ca, Cry9Da

jegathesan Cry11Ba, Cry19Aa, Cry24Aa, Cry25Aa

kenyae Cry2Aa, Cry1Ea, CrylAc

kumamotoensis Cry7Ab, Cry8Aa, Cry8Ba

kurstaki HD-1 CrylAa, CrylAb, CrylAc, Crylla, Cry2Aa, Cry2Ab

kurstaki HD-73 CryvlAc

kurstaki NRD-12 CrylAa, CrylAb, CrylAc

morrisoni Cry1Bc, Cry1Fb, Cry1Hb, Cry1Ka, Cry3Aa

tenebrionis Cry3Aa

tolworthi Cry3Ba, Cry9Ca

wubanensis Cry1Bd, Cry1Ga, Cry1Gb

Activated toxin

Truncated forms in transgenic plants

L 1 "

0 600 1200




AVATITUCN EUTTOPIKWY OEIpWV
® TTo16TNTA TOU £MBUUNTOU XAPAKTNPIOTIKOU
® ApIBuoc kai otaBepoTnTa evBéoewv Tou diayovidiou

® 3 1aOepoTNTA, £MITTEDO KAl "0X£ED10" TNC £KPPAONC



Etageix Trade name Bt mpwteivy Kalhepysie  Evtopo-ey0oog

Monsanto New-Leaf Cry3A Tarara Colorado beetle

Monsanto Bollgard CrylAc Pappaxi Tobaco budworm
cotton bollworm
pink booworm

Monsanto Yieldéard CrylAbmonsi0) kaAapmoki European corn borer
Novartis  Knockout (Bt11)

Mycogen  NaturGard (Bt176)

Dekalb Bt-Xtra CrylAc kaAapumoki  European corn borer
Aventis StarLink Cry9C kaAapumoki  European corn borer
Mycogen HerculexI CrylF kaAapgwoki  European corn borer
Pioneer

Monsanto Cry3Bb kaAapgwoki  Corn rootworm larvae

http:/ /www.pewagbiotech.org/search/starlink/starlink.pdf



AVATITUCN avOeKTIKOTNTAC ato Ta £vTopa oTic Bt kai
OTPATNYIKEC AVTILHETWTIONG

B “rrupapida” yovidiwv pe diaotalpwaon d1dPopETIKWY
d1ayoVviOIdKWV CEIpwV

5 dnuioupyia XEIHAPIKWY TTPWTEIVWY HE YEVETIKA HNXAVIKA

® Tntegrated Pest Management (IPM) kai ox£dia
diaxeipiong avleKTIKOTNTAC TI.X. " OTPATNYIKA KATdguyiou”



2 TPATNYIKEC

"Copy nature”

% Avayvwpion avOekTikwv @utwyv (PiPAloypagia, ouAAoyEC, maparnpnon
QUOIKWY TTANBUOHWYV)

5 Amopovwon mPWTEIVWY HE EVTOHOKTOVEC 1810TNTEC KAl TWV
avTIoToIXWV Yyovidiwv

% Bioassays (TexvnTéc diaITEC opyavioUWV-OTOXWYV)

® Teor TofIKOTNTAC ONnAAOTIKWY

= Anpioupyia diayovidiakwy QUTWY HE XPAON I0TOEIBIKWY TpoaywyEiwv
(w.x. Tryptophan synthase a: , pepc: mpdoivor 10T0i) i mpoaywyEwv

anokpiong oTov TpaupaTiopo (w.x. Proteinase inhibitor II)

= EmwiAoyn Kal HEAETEC EMIKIVOUVOTNTAC



TTapadeiypara:

Protease inhibitor genes targetting:
Serine protease

Trypsin

Cysteine protease

Proteinase

Carbohydrate inhibitor genes targetting:
Lectins (Homoptera-uulnrixd)

Ag 4 Jutinins { Galanthus nivalis Agglutinin-
a- amylase S

Pusztai affair
Others: http://wwwroyalsoc.ac.uk}
Chitinase
Anionic peroxidase

Tryptophan decarboxylase (tryptamine)



Emidpaon oto mepiPdAAov
B AvamTtuén avBeKTIKOTNTAC ATIO TA €EVTOHA-OTOXOUC

= Emidpaon oc opyaviopoUC HN-0TOXOUC:

v évTopa pe evaioBnoia oc Bt

v évTopa xwpig euaioBneia (Homoptera, Thysanoptera)
v éVTOHA ETTIKOVIAOTEC

v EVTOUA-PUaIKoUG exBpoUc evTopwy



a Bt cotton

Emergence of
resistance alleles in the
absence of refuges

Low level of damage with high risk of
resistance in the absence of refuges

b Non-Bt cotton

= e s e e
= e e e e
= e e am em

Release of
sterile moths

Severe damage from
wild insects

C Bt cotton

Release of
sterile moths

Low level of damage with high risk of
resistance in the absence of refuges

L —

Severe change from
resistant insects

Q

Low level of damage with costly

release of large numbers of sterile moths

Extremely low level of damage with
reduced chance of resistance and less
extensive release of sterile insects

Katie Vicari

Use of the SIT together with transgenic cotton expressing the Bt

transgene suppresses the growth of the
facilitates management of resistance to

pink bollworm population and
Bt toxin. Wu, Nature Biotechnology 28, 1273-1275 (2010)



AAAA KAl YEVETIKN UNXAVIKA O€

* predators
-Evropoma®oydévouc HUKNTEC
‘EvTopoma®oydvouc vAHaTWAEIC
*Baculovirus

- ANiayovidiakd évropa-ex0polc



Alayovioiakd (putd 21n¢ YEVIAC

()] Zvompevpeva Yapaktnpotika aviektkomntag
o QaVIOKTOVA KAl EvToud
- SmartStax™ apafoortog¢ (MON 89034 x TC1507 x MON 88017x DAS-59122-7)

- RReady2Yield™ coywa

8 E&aienyn yovidlwv emhoync (avBektikotntag oe
avtiflotika)

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



THUMBS-UP TO COMPANY
Maharashira
TRANSGENIC Hybrid Seeds,
Some of the 28 no-objection certificates, ﬂ
the companies that have obtained PROMISED TRAIT
them, and the special iraits they have Herbicide
promised for their genetically tolerance

medified crops (list not exhaustive):

COMPANY
Bayer Bio Science,
Haryana
PROMISEDTRAIT

Insact rasistance and
herbicide tolerance

Brinjal

COMPANY

Ankur
Seeds

PROMISEDTRAIT

Insect
resistance

Cotton
COMPANY COMPANY
Monsanto Dow Agro
India Sciences India
PROMISED TRAIT PROMISED TRAIT
Insect resistance and Ingact resistance and
herbicide talerance herbicide tolerance

COMPANY COMPANY

Pioneer Overseas Syngenta Bio
Corporation Sciences, Pune
PROMISED TRAIT PROMISED TRAIT
Insect resistance and Insect
herbicide tolerance tolerance




AVOEKTIKOTNTA 0t A0OEvEIEC
(PakTnpia, pHUKNTEC, 10i)

AANNAETTIOPATEIC PUTWV-HIKPOOPYAVIOHWY

= 2 UUPIWTIKEC ox€EaeIC (p1lopia, pukoppilec)
= O giIkpoopyavioHoc cival taBoyovoc (pioTpogor, vekpdTpoo)

* To UTO-CEVIOTAC cival avOeKTIKO Kal dev avamTUooETal
acBévela

= To @uTO eppavilel avToxn oThv HOAUvOoN Kal Td CUUTTTWHATA
ThG aoBévelag eival eplopiopéva



Y1oyol TG Proteyvoioyiag pUI®WV OT|UEPA
“food, feed, fiber”

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

Qi¢avia

ex0poi

avlpwITog

ao0&veleg



AiaouoTnuaTiki avToxn

= Systemic acquired resistance (SAR)

» Induced systemic resistance (ISR)

ISR . Pathogen perception
(rhizobacteria) l
/ ethylene SA/BTH
NPR1 |«
JA . l N
(herbivory)
bZIP factors WRKY factors

!

Defence gene expression
(PR genes, others)

Fungal/bacterial/viral/in
sect resistance



Puoikn apguva PUTWV
= AvaTopIKd XapakTnptoTikd (peAAoi, Knpoi K.T.A.)
= TTpooxnuaTiopévol HeTaPoAiTEC Kal XNHIKA TpooTadia
(avTipikpoPilakéc TpwTeiveg, T.X.defensins, deuTepoyeveic
HETAPOAITEC, QUTOAVTIOITIIVEC KAl YUTOAAEEiVEC)

= Eraywyeva ocuoThparta

= AiaouoTnuaTiki avToxh



Figure 1 Chemical diversity of
constitutive and inducible antimicrobial
plant natural products. The chemical
class of the compound is followed in
parentheses bythe trival name {if
avallable), a selected species of origin,

and an indication as to whether the
compound is progluces [tutively (C) _@_{‘ E M
: HO
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tabacian, C); 8, flavanone (sakuranetin,

Ribes migrum, C, Cryza satwva, )

9, aurone | Cephalocereys seris, [ 10,

Isoflavone (luteone, Luypims als, C); 11, piemcarpan {maackiain, Ear:erane!mm Ii: 12, pteracarpan (medicarpin, Medicago satia, [); 13, stilbene (resveratrol,
Vitrs winiferss, 1); 14, chromene (Pperaduncem, C); 15, bibenzyl (b A i, biphenyl (aucuparin, Mdadss iz, 1); 17, benzofuran
(Cofoneasterspp., |); 18, xanthone (Pofvgala myikenss, CRMitrogen- and/or 5ul|:|hur-|:nnta|n|ng compounds. A9, benzophenanthridine alkaloid (sanguinanne,
Fapaver bracteatum, ); 20, benzylisoquinoline alkaloid (berberine, E6TTE malexin, Arabidopss thalana, |); 22, indole (brassilexin, Brassica
spp., Ii; 23, anthranilamide (Chantfus caryophyliss, 1) 24, benzoxaanone [[]IMEIDA feamajs. C); 25, elemental sulphur { Theobroma cacan, 1),
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Novidia avBekTIKOTNTAC R Kal avTidpaon uttepevaioOnoiac HR

=) (=D (=D(=)

geneproduct
Resistance
gene - ~
product
Resistance
\ J

(a)

Pathogen

s

-

Disease

~

(b)

s

Disease

~

Pathogenesis genes

(c)

Plant cell

Disease

\

/

(d)



Novidia avBekTIKOTNTAC R KAl avTidpaoh uttepeuaioOnoiac HR

HR: TomikA vékpwan 1otwv (NADPH-dependent oxidative burst/ phenolics and
hitric oxide release)

I 1

LR LRR

CC TIR
ME ME
LRR LRR

MB-LRERs



AiaouoTnuaTiki avToxn

= Systemic acquired resistance (SAR)
» Induced systemic resistance (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

{ﬁf

Signal transduction through
the plant to generate SAR




2. TpATNYIKEC yia “OldpKR" avOeKTIKOTNTA

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

m.x.Oryza sativa - Xanthomonas oryzae pv oryzae, Ymepéxovra
yoviola Xa2l, Xa4 kar urroteAn xab, xal3

= gTOX0C ouvTnpnuévol avirulence loci

n.X.Bs2-avrBs2, mimepid- Xanthomonas campestris pv.
vesicatoria



BioTexvoAoyIKEC epag

Emaywyn HR ka1 SAR:

Aiayovidiakd QuTd pe UTTEPEKPPADN

= Defensins kai AAAEC TTPWTEIVEC HE AVTIHIKPOPIAKEC
1016TNTEC,M.X. Thionins, cecropin kair melittin amo évrtoua,
lactoferrin

= PR mpwrTeivwv (X1Tivaoeg, yAoukavdoeg, ribosome
inactivating proteins -RIP)

= PuBuioTikéc tpwreiveg m.x. NPR1
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" Me urtepékppaon Twv CP (coat protein) oe diayovidiakd gutd
= Anti-sense RNA/ Ribozymes

= Gene silencing



Me urtepékppaon Twy CP (coat protein) oe diayovidiakd guTd

Sequenced
amino terminus
Processed Coat
—> e
Polyprotein
RNA-2 genome cDNA synthesis cDNA

" @ | |

Sequenced cDNA - > <l

PCR
amplification

Restriction endonuclease
digestion of primers

Coding sequence ligated into binary vect:/

Left border selection cassette Promoter cDNA (CP) Terminator  Right border

{ Ri\\
. S

% / Introduced into tobacco via Agrobacterium

based transformation system



Eumopikéc oeipéc (CPMR)

Asgrow Independence zucchini yellow mosaic potyvirus ZYMV
Liberator watermelon mosaic 2 potyvirus WMV-2
Freedom cucumber mosaic cucumovirus MV

Destiny

Cornel papaya ringspot potyvirus PRSV



EmkivéuvdTnTta

Avaouvouaopoc avapeoa ce RNA popia amod d1apopeTikoUg
10UC

Transcapsidation (heterologous encapsidation/genome

masking)
TT.x. PVY-O / PVY-N (phenotypic mixing)
AIMV / CMV
aphid-transmissible plum pox potyvirus PPV /non-aphid
transmissible ZYMV **



(a)

RNA coding for CP in transgenic plant

N
v % Recombination between

\[1 QZ@, l RNA from different virus

RNA from infectious virus
Chimeric virus

genome formed

CP from transgene

® Transient chimeric N
virus capsid Stable chimeric

virus capsids
&g
@ g (S8 0B @B g

CP subunit of
infectious virus

Infectious virus

()
CP fromtransgene
M g
)
l > N m/?
Y
RNA from infectious virus \IIQ;@ Virus particlecomposed of CP

\[/ from transgeneand RNA from
infectious virus



Y1oyol g Proteyvoioylag puI®v CUEPA
“food, feed, fiber”

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

Blokxavowa

dvutoamoppumavorn/ PutoaToKATACTAOT)

ITepifarrov kal Aewpopikn 'empyla




Aiayovidiaka @uTa pe avroxn oc oUVONRKEC
karamovnong (abiotic stess)

EvTtovo pwc¢
Zi1{aviokTova
OCov

KpUo Oeppiko
TTayoc
—npdagcia
AAatoTnTa

OepuodTNTA } h

OTPEC >~ XZTpeg EAEIYNG vePOU

TTAnupUpEG
Bapéa MéTTaAa

Reactive .
DEIBWTIKO OTPS

(ko1 oo Protikd orpeg)



Gene discovery in the
stress response

Drought stress

v

Signal
perception
Y
Signal
7 | transduction
Post-transcriptional Y
regulation

Transcription
b factors
Y

Genes used for engineering

Modification of regulatory proteins

+ Activation or

eSS on .

Functional
proteins
|

Y
Stomatal closure
Osmolyte accumulation
ROS-scavenging
Frotection of membrane
and protein structurs

Y
Drought tolerance

Modification of enzymes,
transporters, chaperones, etc.

i + Signal peptide

Appropriate
promoter

Construction of transgenes ; Genetic engineering

Current Opinian in Biolechnalogy




2.TpeC EAAEIYNC vepou

@ QopwTpooTaTeuTIKd (WOHWAUTEC)
v XapnAou popiakoU Ppdpoucg

v' Zdakxapa/aAkodAec (paviToAn, copPiToAn, TpexaAdln, POUKTAVEC)
kai TTpoAivn, evwoeic TeTapToaoBevouc appwviac (UmeTdivn)

e e, X

N, 0
H H H.C

3

proline dimethylsulphoniopropionate

zwitterionic compounds

CH HC . o L
H3C\rll+\3)oL y C/N\ ~ ’S‘\O
HC o Gy O
glycine betaine choline-O-sulphate
quaternary ammonium compounds

OH OH OH
OH
OH OHOH
mannitol pinitol

sugar alcohols




CH 0 0, 2H,0 cH 0 NAD* NADH + H* cH o)
| + 3 3 + 3
H3C_|\I]I \/_< - H3C—I$IJLH \_/ . H3C—$)LO_
CH, 2FdX., 2Fdx,, CH, BADH CH,
CMO
choline betaine aldehyde glycine betaine
P>
NAD* NADH + H* @) NAD* NADH + H* 0
CH, —OH CH CH
I+ 3 + 3
Hsc—’}lf NS HSC—rfJ—/kH ~ 7 . H3C—ﬁlJlLO_
CH, CDH CH, CH,
BADH
choline betaine aldehyde glycine betaine
2H,0
H3C—ITI b H3C—ITI N
CH, coD CH,
choline glycine betaine

i

_ Arthrobacter glo@



2.TpeC EAAEIYNC vePOU Kal avTIPHETWTIOH Tou o€ diayovidiakd @uTd

@ QopwTpooTaTeuTIKd (WOHWAUTEC)

v XapnAou popiakoU Ppdpoucg

v' Zdakxapa/aAkodAec (paviToAn, copPitoAn, TpexaAdln, POUKTAVEC)
kai TTpoAivn, evwoeic TeTapToaoBevouc appwviac (HmeTdivn)

@ Na/H antiport mpwreiveg Tou xupoToTiou
TT.x. AtNHX1 (mpwTeivn pyetapopdc) / AVP1 (tupopwogardon /avrtAia H+)

@ PuBpioTikd oToixeia Kal HETAYPAPIKOi TTAPAYOVTEC
TT.x. COR peyouAdvio: CRT/LTRE/DRE oTtoixeio kai CBF 1-3/DREBIA
HSE peyouAdvio



DRE element Cold-induced/drought-responsive gene

/"—\\\
 CBF1
DNA-binding

domain
. CBF 1 protein
NLS acidic region
Heat-shock _ |

element (HSE) Heat-shock gene coding region

(ATHSE



O€c1dwTIKO OTPEC

TTpokaAcital améd dpaoTikéG Hop@EG ofuyovou (reactive oxygen species-
ROS)

- ofcidwan CevoploTikwy, TOAUpEPIOHOC AIyvivng

-eKTATApéVEC PAAPeC oTa KUTTApA: o e1dwan AITiIdiwy, TPOTTOTTIOINCEIC
apivoléwv Kal TTOAUTTETTTIOIKWY aAugidwy, aAAay£EC NAEKTPIKWY opTiwy,
TpwTedAuon, amodopnon DNA KTA.

AvTioCc1dwTIKA 0TA YUTA

- Aokoppiko o&u (piTapivn C)

- ThoutaBei6vn (Glu-Cys-Gly)

- d-TokopePOANn (Pitapivn E)

- kapoTevoeldn (C40 1compevocidn- KapoTévia Kal EavOopUAAEC)



oxygen O,

singlet oxygen 0, > 0O,

B-carotene
e- \‘

superoxide anion 0, \\ > 0,+H,0,
SOD  Aiopoutacr tov vrepoetdiov

‘O,~+2H*

‘O,~ +2
H,0,
O, \
. O,+2H,0
hydrogen peroxide H,0, " catalase

> A+2H,0

peroxudase

_ GSSG GSH
hydroxyl radical
DHA
\‘/ - HZO

ascorbate peroxidase

R > RH
a-tocopherol




OC e10WTIKO OTPEC KAl AVTILHETWTION ToU o€ diayovidiakd guTd

@ Ymrepékppaon evCUHWY TTOU CUHHETEXOUV OTIC AVTIOPAOTEIC

amotolivwaong amo ROS
TTx. Aiopoutdon Tou umtepoleidiov (Mn-, Cu-, Fe-)

@ Ymepmapaywyn avriol IdWTIKWY
TT.x. Ymepole1ddon Tou aokoppikoU, umepo eiddon TG yAoutaBeiovne Kai
avaywydonc th¢ yAoutaBeiovng



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

Commercial

GM crops

Earlier R&D Regulatory
stages pipeline

mlzelxlal In Cu HI Regulatury ~  Advapead

Trait category® 00 ii Fipeline developmert Total by 2015*
Insect resistance E 11 25 59
Herbicide tolerance 11 E 4 13 33
Product quality®© 2 1 b 12 20

Virus resistance 5 0 2 3 10
Abiotic stress tolerance 0 0 1 = 7

Other \ 0 ) \ / 2 11 13

4 4

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 / oTeapIOOVIKO — w-3-)
AVOEKTIKOTNTA OE VIHATWOEIG

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