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Genetically Modified Organisms
(GMOs)

* Eloaywyn €€wyevoug YEVETIKOU VALKOU GTOUG
OPYAVLOUOUC
* NEEC LOLOTNTEC

* Ouwg:
* ETUAEYUEVEC OLOLOTAVPWOELG KAL TEXVNTY] ETTLAOYN
# [eviKkevpevn LeTaAAagLyeveon
* Anuovpyla CTOXEVUEVWY LETAAAAEEWY
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Conventional plant breeding
N/

Mutation breeding Targeted mutagenesis

e.g. site-specific
random mutations

-
ZFN genes
removed

o —
R s

Tissue/cell

Transgenesis

Cisgenesis

s

-

Tissue/cell
culture ,

AvBpwTtog: ~30,000 Xpovia

AvBpwTtog: ~20 xpdvia
®Von: ~30,000 Xpovia

AvBpwTtog: ~15 xpovia
®von: ~30,000 Xpovia

AvBpwTtog: ~20 xpdvia
®von: motée (2?)

AvBpwTtog: ~20 xpovia
®Von: ~30,000 Xpovia



Methods of Plant Breeding

Traditional
The traditional plant breeding process introduces a number of genes into the plant. These genes may include the
gene responsible for the desired characteristic, as well as genes responsible for unwanted characteristics.

Donor Variety DNA Strand . . New Variety DNA Strand
DNA strands contain a portion of an h‘;::nstt;"rty Many genes are transferred
organism’s entire genome. - with the desired gene.
% + o
f

Desired gene

Genetic Engineering
Genetic engineering enables the introduction into the plant of the specific
gene or genes responsible for the characteristic(s) of interest. By narrowing
the introduction to one or a few identified genes, scientists can introduce
the desired charactenistic without also introducing genes responsible for
unwanted characteristics.
New Variety DNA Strand

Donor Organism DNA Strand S - : .
The desired gene is copied from Recipient Variety Only the desired il
the donor organism’s genome. DNA Strand transferred to 2 location in the
recipient genome.
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~25,000 yovidLa ~45,000 yovidla

# H texvoAoyla dev elval onUavtiki
# Meploplopol oto Aalolo Twy €WV
# 0Aa ta yovidla/YapaKTApEeS avapeLlyvuovTal



Conventional breeding

Current wild
cultivar relative
Beneficial gene
Unwanted
genes
Back
Cross
Generatlon
F2
Generation
Many
backcrosses

New

cultivar
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Transg

Unrelated
organism
Beneficial gene
Unwanted
genes
Current ¥ fer int
cultivar i
plasmid in
Agrobacterium
x Genes
required for
transfer

New
cultivar

Current

New
cultivar

Wwild
relative

Beneficial gene

Unwanted
genes

Transfer into
plasmid in
Agrobacteriur

Genes
required for
transfer
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select and Do replicated field trisls,
agriculturally valuable envircnmental studies and
henotypes and do replicated field trials asssssment of food safety
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ATIO TNV ayplopovotdpda ota Aaxavakia BpuEeAAwy

3 Terminal Lateral
bud buds

Cabbage \ / Brussels sprouts

: Flow:r\ /:aves '

clusters

_ Kale
Cauliflower

e Flowe:\

and
stems
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roccoli Wil&omustard Kohlrabi
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Ta BeAyLKA umtAe BOOELOY) £XOUV EKTPAWEL yLa
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Glofish
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Baoka otolyela Twy OlayovidLaKWY
KOTOOKEVWV

* PUBLOTIKN TtEPLOXN
* TEPUATLOTNG

* ETUAEELLOG YEVETIKOG OE(KTNG
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Baokr opyadvwon EVAKPLWTLKOU
yovidiou

Upstream Downstream
5’ flanking region I Transcriptional unit Al— 3'flanking region —
Promoter region Exons
| I

“Enhancer regions = CCAAT box == TATA box == R S A e msussEnhancer regions
M [ T R S ] RO
5" non-coding  Introns 3’ non-coding
(Klug & Cummings 1997) sequence sequence
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O vrtoKLynTNG KaBopileL TNV EK@paon

e -2

General Promoter: all tissues, all the time.

r+h-8

Vegetative Promoter: no flower, no fruit expression.

r+4-4%

Root Promoter: only root expression.



‘Exppacon = tapaywyr TpwTENVWY

protein
encoded
by gene
Agttoupyleg elvat
\ TaPoVCEG LOVO
protein OTOUC LOTOUC TTOV
function __ elvau evepyot ol
LT - seed UTTOKLVITEC
metabolism storage
disease
resistance

Tissue Specific Expression
Time Specific Expression

““Suicide” Promoters, etc.
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EvioXuTrc-unokivnTng
TOU YoVI3iou TNG IVOOU-  MeydAo avTiyovo
Aivng Tou apoupaiou T Tou SV40

|
| _RIP Tag | Aiayovidio

'--D KANpovounan Tou

diayovidiou o€ pia
ocIpa diayovidiakmv

OHOSEFOSLIE "

] Mn Siayovidlakd apoevikd
O Mn Siayovidiakd BnAuko

B Alayovidiakd aposviko

@ Aiayovidlako BnAukd

/ ATopo nou éxel neBavel og nAIkia
HIKpOTEPN TWV 12 €Rdouddwy

Eykonég-anuadia nou enITpENOUV T 0WOTH
OlEUBETNON TOU QIAY oTOV OpIZOVTIO Kal OTOV
kaBeTo a€ova (aploTepd-deid kal eNavw=-KATw)

WWW
— - | AvTIVOVO T

o 3

o ) O

S uc: B’; o

8 9 =1 S o >3 v Y S
w o @ 5 ¥ 3 © 3 = © ©
F 9 8% @ v >a<o9o x2E
> w E > 2 0 .wCc F & 2 .5
LWz I Cc=Cc dKWWDO OO0 ¥

IoTo-e181kr) ékppaon Tou dlayovidiou




ETtAEE oL YEVETIKOL DE(KTEQ

* AVOEKTIKOTNTA 0€ avTIPLOTIKA

* XpWHATIKOU DEIKTEG
* B-yaAaktoolddon/X-gal
* Green Fluorescent Protein
# B-yAukouvpoviddaon
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-yaAakTtoolodaon

EkkivntAg
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Green fluorescent protein
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Regulatory sequence to Reporter gene
be studied (e.g. encoding GFP or
(e.g. a gene’s promoter) luciferase)

DNA

|
- mRNA

|

A reporter protein
. Amount is easily measured
(e.g. GFP by fluorescence)
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MegBodoL peTaoyNUATIOUOU
KLUTTAPWYV

* NIPOKAPLVWTIKA KUTTAPA
* 20CevEén
* MeTaywyn
* METAOYNUATIONOG
* MpokapuwTika [ EvkapuwTika KVTTAPA
* HAgktpodldtpnon
* MIKPOEyXLON
* Almoowuata
* BLOALOTIKN
# lol ko petaBeTd otouyela
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Baktnplakn cu{evén




Chromosomal DN.

Chromosomal DNA F Plasmid

Donor Recipient

2. —

DNA Polymerase

RelaxasomeTransferasome

F Plasmid F Plasmid
Pilus

Old Donor New Donor
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COOD IRCORS (OO) (0O
°°°°° ( O) (O ( D) w0

between an F* (male) and an F~ (female) ba
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O KUKAOG {wn¢ TOU payou

Release of progeny Assembly of progeny
A phages A phages
Lytic cycle
Infection g &
eplicate
Phage DNA A ChIGIMDBCMS chromosomes

replication

Lytic
response

EicR:-ONA Enters lytic
cycle |
Lysogenic Establishment
response of lysogeny
Integration of A chromosome Excision of &
into host chromosome chromosome

A chromosome

Q) |

Induction

/ \ of lytic cycle

Multiple divisions

\
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Donor bacterium

L4 'f
Phages carrying * &
donor genes z

a‘ a— —a.
= { a- {

Transduced bacterium Recipient bacterium



SIKEVUEVN LETAYWYN

Phage DNA incorporating
some bacterial genes

Induction Prophage is incorrectly
of the excised from
; lytic cycle bacterial chromosome.
Bacterial "
chromosome Phage replicates.

Bacterial cell is

lysed; phages

are released.

Host cell
chromosome
. acquires both Phage infects new
BASWNTEXY bhage DNA and genes Phage incorporated host cell.
from previous host. into chromosome.




7 Yno peAETn yovidio

KuTtTapa ot
kahAiépyela

~ AgikTNG ENIAOYAG

AVAUEIEN TWV KUTTAPWV ME TO
DNA péca oe pia e1dikf kuyweAida

Epappoyn
NAEKTPIKAG TAoNG

To DNA eioép-
XETal aTa KUT-
Tapa PEOW
népwv nou
dnuioupyou-
vTal napodika
oTn pepPpa-
vn Toug

To DNA gi0ép~-
XETal oTOV
nuprfva

Eq:clpuo_yﬁ meiq.
enihoyng eniAoyn
ZTaBepry diatripnon Mapodikn diatripnon

Tou eEwyevoug DNA Tou eEwyevoug DNA

HAektpodlatpnon
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AlaAupa AIndiwv DNA

0N AUTOCWUATWY

diwv pe To DNA

Aimdikn dinAooTIBada

To DNA gvBu-
AQKQOVETAI OTa
Ainoompara

To Mindowpa
NPOCKOAAGTAI OTAV
eEWTEPIKN ENIPAVEIQ
TOU KUTTAGpou

MpoaBfkn
oTa kUTTapa

H himidikry dinhooTiBada
TOU AINOCOMATOS GUVTH-
KETAl JE TNV KUTTAPIKN
HepBpavn

To DNA
EI0EPXETAl
oTo KUTTapo

To DNA
EITEPXETAl
oTov nupriva
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Boupapdic

YnokivnTAg KAwvonoinuévo yovidio
MNpoKapUWTIKES
1ym ohAnAouyleg

Je
[ ]
® .. To DNA quyokevTpileral pali pe Ta pikpoogaipidia
Mikpoopaipidia | Kal, kaB@q KaBILavel, ENIOTPAVETAI O OUTE
BoA@papiou

Ta pikpoo@aipidia elodyovral
OE €va «yovIBIaKd MIoTOAI»

EknupookpoTnTig
ropwon

NAaoTikd
BAnua

Mikpoo@aipidia
—_—
Ta pikpoagaipidia

exrofetovral
ora kKUTTapa

MeTagopd o
KaAMiépyeia

Aiokog
ouykpaTONg

KiTTapa f
10TOG-0TOXOG

NAcopaTikA
Kutrapiké  pepfpdvn

Tolywpa Ta pikpoopaipidia

E10EpYOVTal
|~ 0T0 KUTTOPa
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AvayEVVNGT QUTWY ATTO

n w Neapog
BAaoTog

J

WTOTTAAOTEC
QU)\AO‘

KuTTapikd MAaoparikn
TOiXWHa  MERPBpAvn

TEUAXIONOG TWV PUTIKWOV
I0TMV OE PIKPA TUApara

Enwaon oe

' S1dAupa nou o ,
O NePIEXEI KUTTA- OpenTIKO HECO OF AV(]I'IT'UO’O'OVTCIII
( ) pIvaon, oakxapa > ayap pe uwnAn veapoi BAaaToi

m— kal aAaTa OUYKEVTPWON

KUTOKIVIVNG Kal XaunAn

'EKNAUON Kal QUYOKEVTPION, GUYESTR GO LDV MeTapopd oe KaANEPYNTIKO

, NPOKEIJEVOU va anopakpuv- H€00 Mou €UVoEi TNV avanTugn
KutraponAaopa BoUv Ta UNoAsipuaTa Twv pIZGV YETA and 2-4 eBOOAdES
KUTTAPIK®V TOIXWHATWY

=
“\ | o1 npwronAdoreg OpENTIKO PECO
£NINAEOUV XWPIG KUTOKIVIVI

ME XAMUNAT CUYKE-

Mupnvag KevoTonio

Magenta box

MpwTonAdoTeg . VTPWGON auEivne
Ta unoAgippaTta Twv
| KUTTOPIK®V TOIXwHA- MeTapopa oe Xwpa
\ 4 Twv KabiZavouv LETA anod nepinou
l Tpelg eRdOPAdeg

= TIkA) kUTTApa Bu-

. ® v .
OpenTikd ———b& Biopéva oTo ayap
Meta and 2-3 eBSouddeg oL mpwro-

HECO o€ ayap
B ; mA&oTeg oxnpatifouv amolkieg oL omoieg
Baown texvoAoyia GMOs uetadpépovtal og OpenTIKO HETO TTOU
EMAYEL TO OXNUATIONO BAaoTWY

()

Avayevvnuevo
®uTOd

MpwTtonAaomg
XapTIivo QIATpO \(——%m Tpogikd (Bonén- %



LTR gag

pol env LTR

N I IS I ) N I —

v

KAwvonoinan Twv yovidinv
ouoKeuaoiag Tou 100 o€
(POPEIC EKppacng

EQélg pol fienv

Mapaokeun
KUTTApPIK®OV
CEIPWV NoU
ekppalouv
TIC NPWTEIVEG
ouoKeuaaoiag

v

Anopdakpuvan and To IIKO yovi-
diwpa pn anapaitnTwv yovidiwv

MoAucuv3dETng

LTR LTR

KAwvonoinon oTo
PETPOIIKO popéa Tou
enBupnToU yovidiou
Yno peAETN
yovidio

LTR LTR

AlapoAuvan Tng
KUTTAPIKNAG O€Ipdg

OUOKEUAOIag

Ta kUTTapa ekppalouV TIg MPWTEIVEC
ouokevaoiog kal to RNA rou napdyetal ano
Tov avaouvduaopévo popéa cuokeudletal
0O€ MOAUOUATIKA LKA owiaTidia
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Anopovwaon
TWV CWHATIdIWV
Twv avacuvdua-
OUEVWV 1OV

RNA TOU N
T 1K
peponad J5

MoAuvon Twv
eMmBuunTV
KUTTApWV

H nAglovoTnTa
TWV KUTTAPWV
HoAUveTal

Kal 6e auta
ekppaleTal

TO €EWYEVEG
yovidio

Xpron PETPOILKOU

DEQ

{8

RNA l
T—

©

AvTigTpo®n
METAYpapaon

AikAwvo DNA

To DNA
KukAonolgital

Evowpatwaon

7: A
KuTTapiko l
DNA )

Ekppaon Tou
eEwyevoug

:’vov@iou
! /|

O avacuvduaouEvog PopEag Evow-
HATWVETAl OTO XPWHOTWHIKO DNA




KXTOOKEL] OLXYOVLOLO KWV
TTOVTLKWYV ME ULKPOEVEQDT)

Zneppartolwapia

AfWwn YOVILONOINUEVWY
wapinv anoé Toug waywyoug

v

MPONUPAVES s Ep@uTteuon Twv eupplwy ot
v® | Foviponoinuévo OPLOVIKA DleyEpYEVT BETH = o
@ /| waplo unTépa Q,\

N——" .
Anoyovol

A—_E-?'\

Mikpogyxuan Tou eEwyevoulg / \
DNA gTov £va nponuprva J
Yno PeAETN
yovidio I'Iln'src'nou Xpnoi= @ % @
— HOMOIEITAl NPOKEI- @

. pévou va aoknBei

\g unonigon Kai va

/ oTaBeponoinBei To
—— waplto kara Tn diap- @ @
‘ KEIa TNG HIKPOEVEDNG

AvdAuon Tou DNA
TwV anoyovwy

MNpoidv PCR nou

unodelkvUgl TNV

napouagia Tou — == -——
diayovidiou




Anuiovpyia dlayovidLaKWY

oKwANKwv Caenorhabditis elegans

Midgut/ Intestine
|

/ Distal tip cell \I i
ai
Anterior arm of gonad Distal gonad

Germ cells

Pharynx

Corpgus\/ Q-4 /

S = Uterus Embryos

Isthmus
Terminal bulb

Vulva Spermatheca Rectum & anus

Lumen of intestine

Oocytes
Pharyngeal-intestinal valve

Posterior arm of gonad

e ——

~1mm
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inject here

focus until you see
two rows of nuclei

Correct site for injection

B Texvoroyla GMOS Fig. 1. Infection response gene
induction in the C. elegans intestine.



3xP3-EGFP___ Transgene T sposase

Microinjection of
plasmid mixture

Primordial germ cells
(some have taken
up plasmids)

Transgene construct
transposes into genome
of some gemline cells

Next generation

Baown texvoAoyia GMOs

Beetles with green fluorescent eyes have
inherited a genome-integrated transgene

Anuovpyia
OLAYOVIOLOK DV

EVTOUWYV

# KouvouTria xwplg
geAovooia

# QPOUTOUVYEC TTOL OEV
apECKOVTAL 0TA (ppovTa

# XpwUaTloTa HeTdgla
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'Ekppoxon Ttov 0€eiktn EGFP

Aedes aegypli Bombyx mori Tribolium castaneum

s p PPN e
- -

Nature Reviews | Genetics
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O kKUKAo¢ Lwnc TNC eEAovooiog

Gametocytes /

Asexual
blood cycle

/”6)

l / Sporozates oS
[+] ° o

°
o Merozontes ‘

Liver stage

= = " Mosquito takes up gametocytes
e = Or injects sporozoites |

Nature Reviews | Genetics




AANEC EPXPUOYEC....







