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augavouevog TTANBUOUOC
TITWON EVEPYEIOKWY TTOPWYV

ECAAEIYEIC TPOPIUWV

(MEXP! TO 2030 o1 avaykeg yia
EVEQYEIQ, TPOPN Kal VEPO Ba
auénBouv katd 50%)

Mot va BEATLWOOUUE TNV YEWPYLKN
opaywyn o€ MayKOoULaL KALpOKAL.

30-40% OAwV TwV KAAALEPYELWV
xavovtol Aoyw Twv maboyovwv
OPYOQVIOUWV KOl TWV a0BeVELWV
TPLV VO CUYKOMLLGOoUV.



Why alter plants?

gl 1} L1 0
WRCHICAN RINTE
FEINVLEEIFY

Tolerance to ablotic stress and
herbicide

(Nutnent capture, carbohydrate or
a ol production)

(Fruit ripening, flower color)
A

(Salt toleracne, pollution
removal)
1/6/2010 10



6 Baolkot aéovec

Aodalela 2taBepn

AR TPOPLUWV artodoon

Avtoxn o€
netoBariopeva
nepBairiovta

[TLOTOTIOLNMEVOC YynAn
OTIOPOC noLotnTa




O aepog tnc aAAaync!

PutoyeveTiKoL TTGpOL
AvakaAuvyn yovidiwv
(the ‘omics)

KaAAlepyoUpEVEG
TowktAieg/ Néeg
BeAtiwTtikéG pEBoOSOL

2nopol/ NEEC TEXVIKEC
e  TLOAAOLTTAOLGLOLGLOU KOLL
OTLOPOTIOLPAYWYNG

dutika npoiovra/
VEEG TAOELG OLTLO TNV
Blopnxowvio Ka Toug
KOTOVOLAWTEC

To nmepBaAiov
KaAALEpyELaG/ VEEG
ETUTAYEG OTIO TNV
Kowwvia




EmoTnuovikoi kAddo1 mou ouvepydlovTal
He Th PeATiwWoNn UTWY

o [TevETIKA

* Botavikn

« ®duoloAoyia pUTWYV

* [ewpyia

« dutomraOoAoyia kai evropoAoyia
i * 2 TATIOTIKA

* Bioxnueia
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http://imagecache2.allposters.com/images/pic/JAG/03-PS111-3~Botany-Posters.jpg
http://images.google.com/imgres?imgurl=http://www.upasitearesearch.org/images/entomolgy3.jpg&imgrefurl=http://www.upasitearesearch.org/entomology1.html&h=145&w=197&sz=7&hl=en&start=3&tbnid=j8U29IDBMhYK5M:&tbnh=77&tbnw=104&prev=/images%3Fq%3Dentomolgy%26gbv%3D2%26hl%3Den

Baoika pnuara

* 2TOXOC
e [TEVETIKO UAIKO
« EmiAoyn

" 4 + ACioAoynon



http://www.ars-grin.gov/npgs/cgc_reports/alfalfa/fig6.jpg
http://images.google.com/imgres?imgurl=http://www.edgewater.com/NR/rdonlyres/CA50F155-E411-4D72-BD12-8B2DF8DFB285/0/2006_SystemSelection_Dec.jpg&imgrefurl=http://www.gamespot.com/pages/unions/forums/show_msgs.php%3Ftopic_id%3D26277470%26union_id%3D14074&h=2550&w=1769&sz=2370&hl=en&start=3&um=1&tbnid=pWzCtdegYyfSXM:&tbnh=150&tbnw=104&prev=/images%3Fq%3Dselection%26um%3D1%26hl%3Den
http://images.google.com/imgres?imgurl=http://learningandteaching.dal.ca/taguide/Image57.gif&imgrefurl=http://learningandteaching.dal.ca/taguide/SummativeEval.html&h=364&w=393&sz=7&hl=en&start=3&um=1&tbnid=JjR9Eb5EZwODYM:&tbnh=115&tbnw=124&prev=/images%3Fq%3Devaluation%26um%3D1%26hl%3Den

KAaooikeg mpooeyyioeig: diaoTavpwon 2
SN LN 0uTWY (UPpISiopdc)
W TTaparakTIkoThTa/ ETtiAOVA
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H BeATiwon pexp! To 1990

YBpPIOIOHOG-
ETTIAOYN

YPBpidia! To
ueyaAo pAual



So what 1s plant breeding all about?

e Livingston and the
Tomato




H emAoyn Kal n PBEATIWON TWV QUTWV EPAPPOOTNKE
Ot €va E€UPOC ONMAVTIKWY  KOAAAIEPYEIWV  TTOU
KAAANIEQYOUUE OTIC NEPEC MAGC

The Creation of Corn

The corn that Columbus received was
created by the Native Americans some
8,000 years ago by domestication of a
wild plant called teosinte. They used

‘genetic engineering’ in a quite remarkable
way to produce a more productive variety




H veveTIKN BEATIWON TTPOEKUWPE WC ATTOTEAECHA TNG
KOAAIEPYEIOG KAl TNG ETTIAOYNG TWV KAAUTEPWY PUTWV
H ¢Utevon onopwv armo
Ta ‘kaka’ puta avénoe
TNV EKMTPOCWTTNOCN TOUG
OTLC ETIOUEVEC VEVLIEC

|
duoiki
TTOAPAAAAKTIKOTNTA

MECO OTOV
TTANOUouO




[Mpoaywyn €pguvac yia BeAtiwon Twv
KaAAlepyewwv (Crop Improvement
Research)

Me Baon tnv PacLK YEVETLKN
Tou MévteA omnou duo tuToL

dutwv Tou dLou eidoug I U * ” tm,
internode length I
‘«’

"Texvntn Emloyn "

Kale - enlargement
of leaves

SLaoTAUPWVOVTAL VO TIOPOXOEL  sroccoi- suppression
1 ] 1 7 of flower development
£vac KAAUTEPOC TUTOC puTOoU. ¢

Nopaddetypa: ALAoTAUPWVOVTOLG )
gva GUTO MOV EXEL pLaL i @
avOeKTIKOTNTA O a00EVELEG ue S 0\t A N

gval GUTO TIOU £XEL Lt uPnAn N s Wild mustard g oy
anodoon kapmou Taipvou e

Lo avBeKTIKA 0 oBEveLeg

nolkAla putou pe vPnAn

arnodoon kapmou.”




* H ouUyxpovn BeAtiwon

, XPNOLLOTIOLEL TIOAAQ pLOopLOKQL
T El\',al n epyoleia
BEATI.U.)GH * Eival pa kukAwkn dtadikacia
(I)UT(I'.)V QVOYVWPELONG YEVETLKNG
MO PAAAAKTLKOTNTOLC,
OTLC uBpLOLoOU, ETLLAOYNG KoL
- dLEaplopatoc emBupNTWY
HEPEG YVWPLOUATWV.
HOG * Baowka n BeAtiwon eival

e€EANLEN ME TEXVNTNA ETUA




Nea yevetikn tapaAlaktikotnta!

* MpokAnoelc yia tnv BeAtiwon putwv: - Anuovpyla
VEWV cuvduaouwyv aAAnAopopdpwv



Nea yeveTLKn AP AAAAKTLKOTNTA

NephapuBAveL KoL TtPOYOVLIKA 16N Kol CUYYEVLIKA €106 TwV
KOAALEPYOUUEVWV HUTWV

To kKouki-0 AyplouC CUYYEVELC

Notata-172 dyploug CUYYEVELC

Auvénpevo evdladepov yia tn BeAtiwon-kKuplwc yo
yovidLo avtoxnc o€ BLOTIKEC KOTOTIOVAOELG




Tparelec
VOVLOLWV

-

Mua tpamela yovidiwv gival peyain mnyn-dtatnpntng

TWPEO LLE YEVETIKNA OAMAVON TWV YOVLSLWYV yla auTd Ta
XOPOAKTNPLOTIKA

L

~

TWV GUTLKWV ELOWV HE BAON TO XOPAKTNPLOTLKA TOUC KoLl

(OL ETILOTAMOVEC UTTOPOUV TWP VO ETIAEEOUV UL
TIOLKIA LD TTOU eKdpAlEL EVA CUYKEKPLUEVO
XOPOKTNPLOTLKO, Vo eMIAEEOUV TO YovidLo Ttou gival
UTTELOULVO YLa TO YVWPLOUA KOL VO TO S1a0TAUPWOOUV
HE pLot AAAN yvwoTth molkiAla n omola €xeL eva deutepo

\emeuunré KANPOVOUOUEVO XOPOKTNPLOTLKO.

J
N

/

Juvluaouog MapadooLlakwy TEXVIKWY BeATiwong pe
VEEC MTANPODOPLEG YL TN AELTOUPYLOL CUYKEKPLUEVWV
yovLSilwv Kal Ye VEEG TEXVOAOYILEG.

AU

J
\




United Nations Gene Bank

® Tpamnelo M'evetikol YALkoU Twv HVvwpévwy EBvwv», KATEXEL TTAVW AT
530.000 deiypota aypLwyv Kol EENUEPWHEVWVY KOAALEPYELWV oTNV SLaBeoN
TOU Kolvou.




KAaooika epyaAcia peAtiwonc

Euvouxiopéc

YPp1di1opo¢

Aie1d1kéc 1a0TAUPWOEIC
AimtAaciaopéc XpwHooWHATWY
AppEvoaTEIpOTNTA

TToAuttAo1dcia




2.Uyxpova epyaAeia

MeTaAAaloyéveon
ToTokaAAiépyela

Mopiakoi deikTeC
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® Legumes

= Fruits/nuts

n Vegetable crops

» Fibre crops

u Odl crops

= Others

" Forrage crops

® Root & Tuber crops
# Herbs

» Medicnal plants

MetaAlalyeveon

Percentage of Mutant Varieties by crop type




1) Induced Mutation Assisted Breeding
(IMAB)

YrtoPANONKav TTOAANEC TTOLKIALEG
duTwv og petallaéoyovoug
TapoyovteC (omwc aktvoBoAia)
ylot TV enaywyn HETAAAAEE WV
KOlL OTN CUVEXELA YiveTal emAoyn
yla ta emlbupunta "véa"
yvwpiopata mou epdaviotnkav.
H IMAB €xelL w¢ amoTteAeoUA TNV
ELOAYWYH VEWV TIOLKIALWV O€
TIOAAEC KAAALEPYELEC OTIWC TO
pU{L, TO oLTapL, To KpLBApL, T
unAa, ta eomepldoeldn, to

(oo pOKAAQ O Kat pravava. To
LOVO UELOVEKTNMA Elval N
SdlaodaAlon otLo
netaAloéloyovoc moapaywv dev
EXEL TIEPACEL PECA OTO TPOdiHO.




MetaAlalyeveon

Kol BeAtiwon

Chemical or
Physical —
treatment

M,

M, i
L. W

M,

S
— — «—

|

FIGURE 2| Scheme for obtaining a mutant population in rice. Mutagenesis
is performed with a chemical or physical seed treatment given to an M

population, The M, plants onginate from each treated M, seed. Seeds from

M, plants will form the M, population in which DNA analyses will be performed

to find mutations, Seeds from M, plants will form the M, population and the

next populations will be obtained in the same way. adapted from ( 17)
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LNew Genetic Approaches for improvement of characteristics are: J

Tissue culture (in vitro) techniques

micro propagation,

haploid production,

protoplasts,

embryo culture,

apical culture,

ROSRREOS

somatic embryogenesis,

Improving plant breeding with exotic genetic libraries

Use Wild species in breeding

Use of Molecular markers in plant breeding




|oOTOKAAALEPVELQL

Stage 1 Stage 11
Establishment of Explants Shoot Multipication
Explant Source - Shoots are Cycle 1 Cycle 2 Cycle3-n
soft wood shoots established Development Small clumps Normal
in culture of small of shoots increase
2.3 months clusters of increase 2 months
shoots 2 months
Stage 111 Stage IV
Rooting Acclimatization

In-vitro
rooted in culture : ;
Plants established in individual cells.
ﬁ 3 - 4 weeks under mist
Ex-vitro Total growth period in cells = 3 months 1 gal. cans

rooted directly in soil
1-2 months Saleable plant




MkpOoTtOAAQTTAQLOLOLGLOC

O ULLKPOTIOAAQTTAOLCLOLOLOC
nepthapfavet tn ANPn UKpwv
TUNHOTWY TwV GUTLKWV LOTWV,
N OAOKANPWV GUTIKWV
opyavwyv OmMwe To KAELOTA
avon, kol KaAAlEpywvToC T
KATW OO TEXVNTEC OUVONKEC
avaysvvwvtal mAnpn puta.

O LLKPOTTOAAQTTAQLOLALO LOC
glvat laitepa xpAoLUOG yLa TN
dtatpnon MOAUTILWY dUTWV,
omou n BeAtiwon toug aAALwG
elvat blaitepa SVokoAn (rm.x.
devbpwdeLg KAAALEPYELEC),
ETILTAXUVOVTOG v
avarmapaywyn mMoAAwv $uTwv
Kal thv énuwoupyia dadOovou
duTkoU  UAWKKOU  yla TNV
EpPELVAL.




MukpoToAA/opoc
LLTTOLVOLVOLC

O HKPOTIOAAQTTAQCLOOOG QVTLITPOCWIIEVEL EVA LECO OVAYEVVNONG
dutapiwv pravavag amaAAaypueVWY amno Louc.

Jtnv Kévua, akpaia Tuipato PAACTWY UITAVAVACS EXOUV ETILTUXWE

TIOAA/OTEL HEOW LOTOKOAALEPYELAG.

‘Eva akpaio PAOOTIKO PEPLOTWUA UTIOKELTOL O BepLKN EMeEepyaoia

yla TNV KOTaoTPodN TWV PLOAUCHOTIKWY OPYAVIOUWY KOl 0TI CUVEXELQ
yla va xpnotpomnotnfel pEow mMoAAWVY KUKAWV TNG avayEvvnong yla tThv
Tiapaywyrn GUTWV amo To UNTPLKO GuTO.

‘Eva eviaio TUAMA TOU LOTOU UImopEl va xpnotuomnolnBet yia tnv

napoywyrn 0co 1 500 vEwv duTwWV PETA amod S£Ka KUKAOUG TNG
avay&vvnone.

‘EXEL OAQL TAL TAEOVEKTILATA TOU VA E(VAL Pl OXETIKA $ONnvA Kal eUKOAN

epappoyn g texvoloyiag kat va GEPVEL onNUAVTLIKA odEAN yLa TO
nieptBailov




2 UYXPOVEC TEXVOAOYIEC

Mopiakoi O€iKTeC

EmiAoyh utoponBolpevn amod HopiakoUg
OEIKTEC

DNA aAAnAoUxion
MNovidiwpaTikA avdAuon
BiommAnpogopikh
MikpoouoToIxXieg
"eVETIKA TpoTroTTOINON

Emelepyacia yovidiwparog (genome
editing)

-OHIKEC TEXVOAOYIEC



 H aAAnAouyion tou
yovidlwpatoc adopd TNV
OELPA TWV VOUKAEOTLOLWV

AAN\NAov)LoN
DNA DNA (n Baoswv) oto
yoviblwpa-TnV OEpa TWV
A, C, G, koL T ta omola 0
artoteAouv to DNA evoc
OpYyQVLOHOU. ,

/

o




Introduction

[eveTikA TapaAAaKTLKOTNTA

DAD MOM //www.isaaa.org/resources/publications/pocketk/19/default.asp
Mom and Dad have 23 pairs
of chromosomes. They inherited
one from each of their parents.
Here is one of their pairs. Figure 4 Wotaon ard Onick's model of DNA is 3 deeois helx thet it tomposed of tve sucieatide
share, The chane s e yind 3murd o carbsl e anc ore held tageter by hodogen boncy
\ / - |
/"_ . Necleotidon orr 10 waent: ierve N Gaarve 17

of it ped Fach mrhertule y §
Annb s o5 - s
i n:;!'::mﬂon. ( g M\ | an wd s g e R Tl
genetic diversity | ¥ ‘ l )
during meiosis. \ | : '
Each mixed-up chromosome e
goes into its own sexcell.

The next generation gets one chromosome
from esch parent. The baby has its own
unique combination of its parents’ DNA.




DNA: H yAwooa Tn¢ dwnc

DNA




Y1rapyouv 25-40.000 yovidia oTov TTUpvVa TOU QUTIKOU KUTTAPOU avaAoya
UE TO PUTIKO €i00G

DNA APPEARS BLUE

TCTEOCAGTOGC A A : —

»
ASACOTYCACG T T4 ‘ ' ~/
J!. : e (\’
DNA



To ouvoAo TwV yoVvIdiwV ATTOTEAEI TO YEVIKO
OXEOIO TTOU TTAPEXEI "OAEC TIC TTANPOYPOPIEC VI
TN ONMIoUpYyia Evog puToU (YoVvIdiwua)

What is a gene”

DNA 3335
Stgrt ‘ St?op
RNA

¢80
""""""
«*"

Protein ¥
Enzymes Ceteer®



TLpoc
XPNOLUEVEL h
aAAnAouvylon
yovLoLlwv???

KaBopilel tnv yevetikn mAnpodopia
TIOU UTTAPXEL 0TO yovidlwpa Tou Kabe
opyaviopou

NoapéExel mAnpodopiec yia tnv

OpPYAVWON TOU YOVIOLWUOTOC KOl TV
e€EALEN TOUL.

Mavw tn¢ Baoiletal n AettoupyLkn
YOVIOLWHOTLKN

Ailvel TAnpodoplec yia tnv eVpecn

LOPLOKWY OELKTWV




e O OpLOMOC TNC YOVIOLWMUOTLKAG
500nke amo tov Thomas
Roderick to 1986.

e [oviSlwpATIKA = N 8KOTNTA TNC
Loplaknc BfLoAoylac nou

TLeivow n aoxoAeital pe tTnv doun, Ttnv
YOVLOLWHATLKA? Aettoupyla, TNV €€EALEN KaL TNV
xoptoypadnaon twv
YOVLOLWHATWV.

e Toviblwpa=To cUVOAO TwWV
yovLOLwV ) TOU YEVETLKOU UALKOU ,
TIOU UTTIAPXEL O€ €va KUTTAPO N

OpYQVIOLO /
-




Ta yovidla atroTeAOUV TO BEPEANIO TWV BEATIWUEVWYV
PUTWYV / TTPOIOVTWYV YIA TOUC QYPOTEC

Protein Trait Product

Yield? Nutrition

Tolerance to Taste?
droucht? Tolerance to Pests

Flowering time? and Diseases




|
’ Gene ‘ '
'identification |88 A o

e ;':. .;. -,

H edbappoyn Twv tTexvoloyLlwy

NS AAANAOUXLONC VEAC YEVLAG

Ba mapatel mAnBoc mAnpodoplwv
yla tTnv aAAnAouvyia tou
YOVISLWHOTOC

TIOAAwWV €L6WV Kot

TTOAAWV YOVOTUTIWV

v i
Overview of the 454 sequencing technology

Rothberg JM & Leamon JH (2008) Nature Biotechnology 26(10): 1117-1124



incaion I (O
'identification

I
An example of Poaceae species Wi '::.b.fn !
Oryza AwaBeopotnta
ngf officinalis Oryza rufipogon )\ e
Oryza minuta 19, 1% Ory 1% akoAouBLwv
1% coarcta

yoviOLWUOTOC yLa
47 €ibn Poaceae
Eywe Aqgin tng
akoAouBiag

ylat oo ta 47
eldn amo tnv
GenBank
(OkTtwpplog,
2008)
AVTLITPOOWTIEVOV
To Oekatpia €i6n
EEXwPLOTA OTO
ypadnua mitoc.

Saccharum
officinarum

1%

Oryza australiensis

2%

Panicum virgatum
3%

Hordeum vulgare
3%

Buell CR (2009) P



Ta 6560p£va TNG aAAnAouyiag Tou yow&wpmog
gival O100£o1pa yia TTOAAG OIKOVOMIKA OHAVTIKA
PUTA



H TTponyuéEvn yovIOIWPATIKA Ba €TTITAXUVEl TNV
avaKAaAuUWn yovidiwv Ta otroia Ba atrodeixbouv

XPNOIUa YIa TOUC YEWPYOUC

Genome Gene
map

DNA

E ’
3

GH

-~

.
-

I
I

N

Gene
sequence

200000
0000:0
00500600

0-0.00
A
0000 -

EQ

Gene
expression

Plant

traits
Yield
Drought
Disease
Stress

Stress
Oil quality

Disease
Yield
Maturity

Herbicide
toler

TRA




| High phenolic acid

|
genczmlcs |7
|

I
v

g
§ 9"“*,

[Matisntaniiched

High beta-carotene

—

£

S

2

£

@

2
Hogh anthocyanin g

Pyramid genes for these
traits to develop nutrient
enriched sweet potato




WYayxvovtag t1n BeAdva oTa axupa
-eUpPEON PUTIKOU YOVIOIoU

If selective breeding and genetic
modification are based on genes,
how does one go about finding
the genes of interest?



H npwtewpikn

yoviéia oav povadeg, nepLAAUPAVEL TNV

géva 'kaBe dpopa, cav OUCTNMATIKA avaAvon,

MO OTLYLOLiaL ELKOVOL ovayvwpLon Kot
XOLPOLKTNPLONO OAWV
TWV MPWTELVWV OE EVAV

DNA ===) RNA ===) Protein = Function

Genomics Transcript- Proteomics Metabolomics
omics

DNA
Methylomics




Genomic-assisted breeding

* EmAoyn cuvoAlkoU yoviSLwuaToC ¢

No mapping population DArT-based genetic Draft genome Utilization of genomic resources for
No genetic linkage map map sequence pigeonpea crop improvement
No trait mapping - . v 11,
(before 2008) o * — %o/, s e = = = =B

1
efge

The pigeonpea genomics initiative

In-progress

i SSR-based genetic map Consensus genetic map  Mitochondrial g;;me soquen:::
E ' v 3
L]
=S 1CiE iRl
Varshney et al. (2009) i Ii FEif sy ey

I Bohra et al. (2012)

[ - _'? e Transcriptome assembly

DArT (Yang et al., 2006) t e o i

SR {Pdeuy,etaly00n) Gnanesh et al. (2011) Kudapa et al. (2012) Tuteja et al. (2013)

Few molecular markers
AFLP, RAPD and RFLP i = ! i

U I |

(Aruna et al., 2008)




-OLLKEC TEXVOAOVYLEC

Gene Expression

profiling, functional

regulations, differential
@ ‘ o

= Integrated =
3 Omics 8
3 3
a Approaches 8




-OLLKEC TEXVOAOVYLEC

The Challenge: Finding the genes that provide the foundation of new

traits and crop improvements for farmers

A Central Role for Omics, Biolnformatics and Systems Biology MOSSCHEN JusSg

Genome Sequencing Tec hn OIOQY |
e —
s =2 Plaiforms _
eSS — Bioinformatics Modelling physiology

Graig/tilling

}
Process

0 >

Time post anthesis
| i Phenomics-
wonserplonics Metabolomics Proteomics TRAIT ANALYSIS
3




NEW TOOLS FOR CROP
IMPROVEMENT

Better
b | 3aads Varieties,
Faster

maits ) New Traits
of

Genes Transformation Use to the

Farmer




Using molecular-gene markers

Healthy wheat Infected wheat -

RR
A0 00 1 0

Selected plants




BeAtliwon utofonBolpevn amno
LLOPLOLKOUC OELKTEC

%

3
EIS P,(R)|Z

X
!
F, <=

l Selfing

FEFFFFFFFFEFRFF

Generation of large I'; population

DNA extraction from tissue of each mdividual

Genotyping using polymorphic primers

!
Agarose gel electrophoresis ol PCR products
»® x x | % x | x | x | x

Marker-assisted selection (MAS)

Identify molecular markers
linked to trait of interest

>

0-..—.-..—-*




Biotechnology-oplopoc!

* Opiouog: Bio = dwn) kai technology = epapuoyn Tng
ETMOTAMUNG VIO va AUCEI Eva TTPORANMA

Bio-texvoAoyia- oualaoTiko (1941): Evag ouAoyikog
OPOG yIa Eva EUPOG QTTO ETTIOTNUOVIKES TEXVIKES TTOU
XPNOIUOTTOIoOUV ¢wVvTava KUTTAPA 1 T4 OUCTATIKA TWV
KUTTQPWV yIa Tn BEATIWON TWV KAAAIEDYEIWY, TWV
CwWwV, N UIKPOOPYAVIGUWNV.

* O1 TTEPIOCOTEPOI AVOPWTTOI GUVOEOUV TN AEgN
BioTexvoAoyia e TNV 10€a TNG PETAPOPAG YOVIOIWV
ATTO €Va QUTO ) WO N PIKPOBIO O€ evav GAAO
OPYQVIOWO, ETTEION N YEVETIKN PUNXAVIKN gival eva
onuUavTikO epyaAcgio yia Tn BiotexvoAoyia.



Traditional Plant Breeding

Commercnal cultivar Do nor plant New germplasm
or cultivar
Crosses Desnred gene Desired gene

Plant Breeding via genetic transformation

Commercial cultivar Donor gene New cultivar
€}
+ T —_ Desired gene

Desired gene

Gene transformation

<A




Limitations of Conventional Breeding

« Extreme heterozygosity and pronounced
inbreeding depression in plant species

* F1 hybrid produced is of intermediate quality

* Long juvenile period of sp. makes screening of
new selections tedious and time consuming




KAaoowkn BeAtiwon vs. BeAtiwon He
Xpnon AtayovioLlakwv Gutwv

KAaoowkr) BeAtiwon

KalvoUpleg MPWTELVEG UITOPOUV Val
gloaxBouv amno oteva-cuyyeViKA GuTika
eldn. YPnAa eninedba
etepoluywTtiac.XpovoPopec evdo Kal
Suaeldikeéc Slaotavpwoelc. MNeploplopot
AOyw SLaBgotpuou yeveTikoU UALKOU

EAAUTAG EAEY)OC OTO WG KOLL TTOU
ekppaletal Eva yoviblo

MeyaAoc Baduoc avraAAayng yovidiwv

Mepka avermiOUnTo XopOLKTNPLOTLKA
prtopouLv va e€alewdpBolv

Awayovidlaka puta

KalvoUpleg MPWTELVEG UITOPOUV Va
gloayxBOouv ano onotodénmnote idog . H
QYEVIC avVaTopaywyn TTapEXEL Eval
HLOVOOLKO TIAEOVEKTN A VLo T ENAwdN
duTa.

AkpLBnc EAsyyocg yLa To we N

TIou €va yovidlo ekppaletat

Movo £va yoviblo mpooTiBetal R
QTIOCLWTTATOLL.

Au&non tou apLOpol TWV TPOTIWV yLa
va yivouv ta tpodipa o achaln.



GM Plants-Milestones

LR L3 l
WRCHICAN STRTE
[Z008] 25 xwpeg kaAAlepyolv GM ¢uta,
XpnotLpomnolwvtag <160 ekatoppupLa EKTApLA

[1997] Npwtn eumopeupatonoincn KaAALEPYELWY
avBekTikwy oe {llavia/eviopa peow Blotexvoloyiag

1594 Mpwtn €ykplon tou FDA yla tpodLua mou mapayovtol
HEow TNG BLotexvoloyiac: tnv vtopata FLAVRSAVRTM

O opyaviopog FDA SnAwvel OTL Tl TPOPLUA LECW YEVETLKNC
Tpomnomnoinong dev ival eyyevwe erkuvouva
[1989 Mpwtn £ykplon dOKIHWY aypoUl e BOUBOKL AVOEKTIKO OE EVioua

(1557 Mpwtn €yKpLon yLot SOKLUEC aypOoU YEVETIKA TPOTIOTIOLNUEVWVY
dUTWV TOopATOC aVOEKTIKWY o€ Louc (tpodLuo)

T5as AtayoviSlaka Gputd avOEKTIKA O EVIOUQ, LOUC
Kal Baktripla dokipalovtol otov aypo yla mpwtn dopa

' MPpWTN YEVETIKA HETAMOPDWOT TOU
I putkoV KuTTdpOoU: TtETOUVLOL



GM Plants-Biotechnology Milestones

PR
VRO AN S LYY
A RAR! (AR

1994 July 31, 2000

MNpwtn €ykplon tou FDA

ylo tpodLua Tou o payovial
HEOW TNG BLotexvoAoyiac:
Vv viopata FLAVRSAVRTM

< MpwTn YEVETIKN HETONOPIWON
= Tou dUTLIKOU KUTTAPOU: TTETOLUVLAL

o~

20a 2 T
wocks are bad for oy e
oar plaset Mores Wiy

Kryder, R. D., S. P. Kowalski, et al. (2002). ISAAA Bnefs 20: 1-56.
Nash. J. M. (2000). Tume 156(5): 38-46.




IR
GM food crops S l

) . , , November 21, 2000
To xpuoo pulL cucowpevEL TtpofLtauivn A

(B-kapotevio) oTov OTIOPO




3) Genetic Engineering Example: The
Protato

Epevvntec amno tnv Ivdia
SnuoupPYNoOV Lo TTOTATA TTOU
TIOLPOAYEL TLEPLITOU TO EVA TPLTO EWC TO
LLLOO TIEPLOCOTEPO TIPWTELVN ATO TO
ouvnOLopEvo, oupTepLAapBovopuevwy
ONLLOVTLKWY TTOCOTATWV OAWV TWV
QTP ALITNTWV ALVOEEWV.



[TlpoTOTO-N TUXN TNC??

The “protato” avamtuxOnke
Qo €VAV CUVOOTILOUO
LWVOLKWV PLAQVOpWTILKWV
OPYOAVWOEWV, ETLOTNUOVWVY,
KUBEPVNTIKWV LVOTLTOUTWV
Kol Bropnyaviog, we LEPOC
LLoc SEKAETOUC EKOTPATELOG
KOTA TNC TTOULOLKN G
Bvnoluotntac.

The protato meplEXeL Eva
yovidLo armo 1o puto
apdpovOo

ATt to 2010 bev gxeL
EQVOLOLKOUOTEL...



° . . PBIE
well-designed vector is key to success in gene @ !
transformation

1. Binary vector vs. cloning vector

Size (usually <50 kb)

Selectable marker gene (NPTII, hpt, bar, and etc)?
Screenable marker gene (LacZ, gusA, GFP, and etc)? Or
Maker-gene free (co-transformation, Cre/Lox, and etc)?

(ST N9 )

4
Lacl SUSA

GFP




I /R()(
MICHIGAN STATE
UNIVLIRSITY

ective Selection
ficient Gene Delivery

fficient Regeneration

Blueberry




Global Adoption Rates (%) for Principal
Biotech Crops (Million Hectares, Million Acres), 2008

O Conventional
B Biotech

70% 46% 20%
Soybean Cotton Canola

Source: Clive James, 2009

httn:/[wrarw 1gzaaa oro/




Global Area of Biotech Crops, 1996 to 2008:
By Trait (Million Hectares, Million Acres)

C Herbicide Tolerance

= }= Insect Resistance (Bt)

Herb Tolerance/lnsect resistance

l...

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Source: Clive James, 2009




H Lotopla TNC YEVETLKA TPOTIOTIOLNMEVNC
TTOUTTOLY LOLG

AmelAn} amo tov o tn¢ ramaytla (pRSV) otn
XapBan

1940 - pRSV avakaAuvyn

1950 -

1. ATTOKAELOUOC LEYOAWY TIOPOYWYWV OO TO
Oahu Nnot

2. H Blopnyavia Narmnaylog petadépbnke otnv
Puna Nepidpépeta (Xwpic pRSV)

1980 -

Epeuva Egkivnoe yla avtoxn otnv aoBevela
HEOW SlayovidLlakwy putwy

1992 -

PRSV e€amAwOrike otnv Puna

Mikpn ¢ KAlpokaG SoKLUES eSOV LE TLC
SLayoVIOLOKEG OELPEC

1998 -

GM marmadyla 6To EUNopLo




KaAALEPYELEC LE AVTOXN) OE
(Ll{avioKTOVO

Herbicide tolerant
crops, ¢.g., Roundup
Ready soybeans and
corn and Liberty Link
comn




e Ouetelitelc oTOV TOMEQ TNG
Blotexvoloyiag pmopel va
nPopunNBeVooUV TOUC KATOVAAWTEC
e TpodLua Ttou eival SLatpodika
EUTTAOUTLOMEVA Nl LEYOAUTEPNC
SLAPKELOC ) TTOU TIEPLEXOUV OE
LULLKPOTEPO TTIOCOOTO TOELKEC OUDLEG
Ol OTTOLEC UTTOPEL VaL TTEPLEXOVTAL OF
karmotla edwodipa puta

 Melwon KOPECUEVWV ALTTOP WV
0&EWV, AAAEPYLOYOVWV OUGCLWY,
OpEMTIKA CLUOTATLKA TO OTTOLAL
KataoteAAouv aocBevelec, alAa....




* MMapa tic dtapaptupiec amno
OPLOMEVEC TTAEUPEC TNE KOWVWVLOG
gvavTL Twv [T moKIALWY, oL
KOAALEPYOUEVEG EKTACELC QAUTWV

[ OLo 1O TwV ToKALwY P NnNANRg texvoloyiog
1 avénBnkav 60 popeC KATA TNV
HE)\}\OV televtaia dekaetia 0TI HVWHEVEG
[MoAlteleg, oL omoleg amoteAouyV uia
TWV I-T aTto TLC LEYAAUTEPEC TTOPAYWYOUC

[T TTOLKIALWV TIAYKOOULLWC.
Ektipdral ot mepimou to 70% oAwv  §
TWV TPOoPiHwV TToU TTwAOUVTOL OTLG
vausveq MoAtteieg mepLexouv I'T ,
OUOTOTLKA.

/

TTOLKIALWV

o




Process of conventional plant breeding

Approximately 10-14 years




Process of molecular plant breeding

Select gene
of interest

Approximately 7 vears

@ O ® = - D H




 H BromAnpodopikn
(bioinformatics) pmopet va
OPLOTEL WC EVaC PACLOUEVOC OTN
yvwaon BewpnTLkog
ETILOTNLOVIKOC KAAOOC TToU
ETILYELPEL VO KAVEL TIPOPAEY ELG
BlomAnpodopkn OXETLKA HE TN BLOAOYIKN
AELTOUPYLA XPNOLUOTIOLWVTOLG
dedopeva amo tnv avaluon
aAAnAouxlwyv tou DNA. 0

e [lpokeltat yia po epappoyn tne
EMLOTAMNG TNG TTANPODOPLKAG
otn BloAoyla

o



OL tAnpodopiec mou
XpNoLuomolouvToL
oTNV EPEuUVA TNC
BLomAnpodopLKNC
LUITopouv va
opadormolnBouv o€
dU0 Katnyopiec:

i MpwTtoyeveic Paocelc Sedopevwy. AUTEC
ol Baoelg amoteAoUVTOL ATTO TPWTOTUTIAL
BloAoyika dedopéva OTwe oL Un
eneéepyaocpevec aAAnAouvyiec DNA ko ot
nAnpodopiegc SOUAG TWV MPWTEIVWY TTOU
TIPOEPXOVTOL OO KpuoTtaAloypadia.

ii Aeutepoyeveic Baoelc Sedopevwy.
AUTEC oL Baoelg mepthappfavouv
npwTtotura Sedopeva TTouU €XOUV UTTIOOTEL
eneéepyaocia wote va talplalouvv os

OUYKEKPLUEVEC EPOAPUOYEC




Bpi_Bovin : VTCSSESSHINSVHVKISKSK-VGNLIQLFBKKIES' RNLU L EIY S A QYTNSVS SKLOQPYFQTLP
Bpi_ Human : ITCSS;SSDIADV!VDHSGD-—SGWLLNLFHNQIESKPQ‘ 1545 (M AL SOKSVSSDLOPYLOTLP
Lbp Human : GYCLS;SSDIQNVELDIEGD--LEELLNLLQSQIDARLRE A S OEEAVTAHLOPYLQTLP
Lbp Rabit : VTTSS;SSRIRDL!LBVSGN--VGWLLNL!KNQIESKLQ' 1A S s S OKSVTSDLOPYLQTLP
Lbp_ Rat : VTASG*SNSFHEKLLLHLOQGEREPGWIKQLFTNFISFTLF ~NVISNIMADFVQTRA
Cetp_ Human: TDAPD!!LSFHKLLLHLQGEREPGWIKQL!TN?ISFT ~NIISNIMADFVQTRA
Cetp_Macfa: TDAPD- EREPGWLKQLFTNFISFT ~-NTISNIMADFVQTRA
Cetp_Rabit: TNAPDEYLAFHKLLLHLQGEREPGWLKQLFTNPI8i ~NTISNIMADFVQTRA
Pltp Human: VSNVSsQASVSRMHAAFGGT--FKKVYDFLSTFITSGMF H SLLDTVP

Pltp Mouse: VSNVS;EASVSKHNHAFGGT--FRRHYN?FSTPITS?"
Lplc3_Rat : LI sNT~~~~LLGHISLT-~-SGLLPTPIFGLVEQTLC

Lplc4_Rat : LVIER:DT-~---LLGGIKVKLLRGLLPNLVDNLVNRVLAN283» 8%« 34" -DVVLGLVNDQLGLVD

Consensus C i 1 c t

D Ewkova M25.1 Mapouotaletat €va TUAMA pag TToANATTARG otoixtong 12 aAAnAouxlwy armod tnv
UTIEPOLKOYEVELD TWV TIPWTEIVWYV Tpoadeonc Autdiwv BPI/LBP/LPI. Ot 12 aAAnAouxleg avrikouv
o€ 6 SL0DOPETIKEC OLKOYEVELEC TTAPAAOYwV, Ta OVOHOTO TwV MPWTEIVWVY AapBdvovtatl armod tn
Baon Swiss-Prot.
Mo teEpLOXN TTOU ETLONMALVETOL HE EVa LOUPO OVTO Kal AEUKA YpALUaTa Eival Eva

HETPLA ouvTNPNUEVO poTiBo. Mia Tétola Slatripnon ocuxva onUATOSOTEL TIEPLOXEC ONUOVTLKEG
yla T Sopn f tn Asttoupyla tng mpwteivnc.



BlomAnpodopikn

Application of ‘
Bioinformatics
in Crop

: Improvement




Ertityevetikn kat BeAtiwon

* AMN\ayn tn¢ puBuong
TwV yoviblwv xwplc
aAAayEC otn h

Noncoding RNA

vouKAgoTLOKN aAvoida

Gene activation
or silencing

¥
Cellular function

.
\'.
l’%

*>-— DNA methylation/
" demethylation

>
/."

Histone modifications



Ertlyevetikn kot BeATiwon

(B) Injection of small RNAs in the
a > (o Gynamic grow
A conditions)
- Dehydration/
light stress

et |

The gene is silenced in the po
but not in the rest of the plant.

Reset Memory



Genome editing

e H petafoAn tng aAAnAouyiac tou DNA "in situ«
e JTOXeUMEVN peTaAlalyEveon

— Knock-outs

— ZNUELOKEC LETAUAAAEELC

— Ewoaywyecg yovidiwv n "emBepata tpooyeiwong
xapaktnplotikwv« (trait landing pads)

e [Sdavika dev adnvel amotumtwpa dtoyovidiwv
* |[s genome engineering plant breeding, genetic
engineering or both?



Zinc finger nucleases

www.bmb.psu.edu, www.wpclipart.com, www.faculty.ucr.edu



Conventional breeding Genetic modification Genome editing

|
-

cis-GMO GEC

®
-

'
elite variety with desirable traits trans-GMO

cross i mutagenesis i protoplast fusion transgenesis i . cisgenesis' Tpraa
| : ' (intragenesis) =
! H i ‘ ACAfwc.
A l\chemicals/radiation : | wﬂk ’G‘ial\ Y '}
1 I 1 ACA@#G
elite donor ! N esss 1 [ l l
! - : U : |
i 1 !
i I !
1 1 !
1 I !
BCn | n>5 | selection : i Q
i i i
i i i
I i 1
I 1 1
I 1 I
I I I
1 I 1
1 I !
: : i
i
I
]
1




A Conventional Breeding

B  Genetic Engineering

Donor variety Recipient variety Donor variety
Disease resistance T D:sease resistance ﬂ Disease resistance t
Yueld Yield

Yeld,[l

Genome Editing

Susceptible variety
Disease resistance
Yield §

)-b-»)--l-»)»»- 5 A= 55 = DL D=

Gene of interest

D=~

New variety
Many other genes are also
transferred with the desired gene

Recipient variety
Disease resistance
Yield 4

Gene of interest

Gene of interest
(Isolated)

New variety
Only the desired gene is transferred to
the location in the recipient genome

o

Susceptibility gene

@ l
Genome Editing

Suseptibility gene disrupted using
genome editing

\ &Dlsease resstancef

Yield #

D7D

New variety
Having disrupted disease susceptibility gene



2Tn ocuyxpovn
€1IOXN N
BeAtiwon ival
kaBodnyoupuevn
aro:




MéBobdol mou
XpNollomolouvTaL yla Ta
OLUTOYOVLUOTIOLOUEVQL KOl
OTALUPOYOVLUOTIOLOUEVQL
edn

E€owkelwon pe ocupPatikeEG
TEXVLKEG

2 KOTTOC
naénuatoc

'Vvwon Twv VEwvV
MéeBodol yia tn texvoloylwwv (ITO)
Leylotomnoinon 1 tnv Evowpdtwon g
g\aylotomnoinon tou aAAnAouyiag
avacuvduacopou (kat yovISLWHATOG Kot
ylati Ba BéAape va to OXETLKWV TEXVOAOYLWV
KAVOUE QUTO) "YOVISLWHATIKNAGK OTN
BeAtiwon putwv




OPPORTUNITIES




