¥

Novények transzformacioja




A novenyi biotechnologia

Micropropagacio

Szomatikus hybridek / Cybrids
Haploid novények

Fermentacio

Uj gének bejuttatasa novényekbe



Az Uj genek felhasznalasa

 Génfunkcio kutatasa

» Termesztett novenyek megvaltoztatasa
eqgy lepesben



Molecular farming

Biodegradalhato * Neurotransmitterek: pl.
muUanyag: 50mg/kg Leu-
Polyhydroxyvajsav enkaphalint termelo
(PHB). repce

Monoklonalis * Biodiesel: modositott
ellenanyagok olajkompozicio
Human Serum « Vakcinak: pl. virus
Albumin kopenyfeherje

Interleukinok termelése



Molecular farming

O Gene isolation -
easy

@_ Vector design
— organ specific
promoters

— High level
expression
-
— Containment

 Transformation of
maize by Biolistics

Regeneration from a
crop monocot difficult

. Growth, seed

harvesting and
downstream
processing requires
strong agricultural and
fermentation expertise.

« www.prodigene.com



A novenynemesitok altal kedvelt
tulajdonsagok

* Nagy elsodleges
produktivitas

 Magas termésatlag
« Magas tapertek

« JO termelhetOség a
kulonboz6
rendszerekben

* Nitrogén fixacio

Szarazsagtureés
Ellenallo
betegsegekkel
szemben

Gepi mlvelésre
alkalmas

A nappalok hosszara
nem érzekeny

Mergezo vegyuleteket
nem tartalmaznak



Novenyek genetikal transzformacioja

Attekintés a « Hogyan lehet géneket
szukseges bejuttatni a sejtekbe
feltetelekrol (transzformacio)?
Egy GM elelmiszer  Hogyan lehet teljes
kKifejlesztése novenyt regeneralni
Sziikséges gének egyetlen sejtbol?

A GM noveények
elonyei, kulonos
tekintettel a fejlodo
orszagokra



Attekintés a sziikséges feltételekrd|

* Egygenes tulajdonsagok.

* A gén expressziojat regulalo regiok
(Promoterek és terminatorok).

* A gént a novényi sejtbe juttato mod
(Vektorok).

» A transzformansok szelektalasi modia.

* A teljes novény regeneralasi modja a
transzformalt sejtbal.



Egy GM elelmiszer kifejlesztése

1950 First regeneration of entire plants from an in vitro culture

ok
1973 Researchers develop the ability to isolate genes
2 &
1983 1st transgenic plant: antibiotic resistant tobacco
i
1985 GM plants resistant to insects, viruses, and bacteria are
field tested for the first time - USEFUL TRAITS
ol E
1990 First successful field trial of GM cotton- CROP
1994 IS Flavr-Savr tomato - 1st FDA approval for a food

1995 Monsanto's Roundup Ready soybeans approved for
sale in the United States.



Hasznos egygenes tulajdonsagok

Gyomirto rezisztencia
Rovar rezisztencia
Virusrezisztencia
Mag produkcio
Gombarezisztencia

Késleltetett érés

Fagy- es hidegtures
Szarazsagtures
Magas
kemeényit6tartalmu
burgonya

Olaj produkcio
Bioplasztik

Jobban emesztheto
fehérjek
Ellenanyagok



Korokozo rezisztencia genek

Rovarok  Gombabetegsegek

Protease inhibitors Chitinases and Beta-

Bacillus thuringiensis 1,3-glucanases
insecticidal proteins™ « RIPs
Lectins  Thionins

Ribosome-inactivating < Antifungal peptides
proteins (RIPSs)



A betakaritott termes min0segéenek

javitasa
Gyakran a termes * Wheat germ
50% is tonkremegy agglutinin
betakaritas utan pl. s t :
Afrikaban. B A Lo
: iInhibitor
* Any poisonous
protein can be ¥ Flavrsavr tomatoes
detoxified by heating contain antisense to
and rendered safe polygalacturonase
e.g. lectins; inhibitors. (softens tomatoes by
* Ripening control dissolving the cell

wall).



Mas hasznos tulajdonsagok

* Improved Agronomic  « High starch potatoes

properties



Potential of GM crops in low
iInput, sustainable agriculture

Traditional | > GM crop with pest resistance
plus post-harvest qualities

4 tonnes/ha produced | > 5 tonnes/ha
25% losses 10%b losses
post-harvest post-harvest
=1 tonne/ha = 0.5 tonne/ha

3 tonnes/ha to eat 4.5 tonnes/ha to eat



Megvaltoztatott tulajdonsagok

Glufosinate” gyomirto
Sethoxydim" gyomirto
Bromoxynil" gyomirto
Glyphosate' gyomirto

Sulfonylurea’
gyomirto

Himsterilitas
Modositott zsirsavak
Viragszin

Virag elettartama
Kesleltetett eres
Virus rezisztencia

Bt



Plasmid konstrukciok

* Hasznos genkonstrukciok
» Lathaté markergeén



Geénkonstrukciok

Plant RBS
Useful gene
Signal peptides™
PolyA-tail

DNA
1 transcription

MRNA

Cytoplasm translation 1
Polypeptide chain

Post-translational 1
modification




Kétféle transzformacios rendszer

Csupasz DNS Vektorba épitett DNS
A sejtfal gatolja a « Agrobacterium
DNS felvetelet e Virusok

 Biolistics

« SiC fibres

* Protoplasts
* Electroporation
* Pollen



Genek bejuttatasa a sejtbe

Agrobacterium Génagyu

« Egy természetes * Mukodik!

génsebész! — tumort * Nincs maradek
okoz Agrobacterium

: y Ztariler » Kulonbozo DNS-
A__Iegtobb k et ekhez hasznalhato-
novenyt kepes

: G e funkcionalis
ranszformalni tesztekhez

* Problemas az
egysziklekneél



* The T-DNA is a very efficient gene-tagging tool because it prefers
to insert within gene-coding DNA regions. Each time we transform
a plant with a T-DNA, we are very likely to insert within a gene
chosen at random.
» Scientists have exploited this property by generating large
numbers of transformed plants, which is most easily accomplished
with Arabidopsis. You can request large numbers of transformed
lines from a public stock centers. You can then screen these lines,
searching for interesting phenotypes.
» Once your find a mutant you like, you can verify that it has been
caused by a T-DNA insertion and then proceed to clone and
characterize the tagged locus.

The T-DNA can be considered a type of transposon because it
moves from the Ti plasmid (or from a binary plasmid) to the plant
DNA. It is incapable, however, of further movement.



erelated to Rhizobium
=contain large plasmids: Ti (A. tumefaciens); Ri (A. rhizogenes)
eintegration of a part of the plasmid (T-DNA) induces the tumorous or
rooty growth T-DNA;
«this DNA directs the synthesis of opines, carbon and nitrogen containing
molecules used for the continued bacterial growth
eeach bacterial strain can utilize one of the three opine classes: octopine,
nopaline and agropine
<host range of A. tumefaciens

331 genera; 643 species
evariablilty is seen for infection between

varieties of a species

the organ of the plant
emonocot species except for some members of the Liliales and Arales
genera are not susceptible



PASSAGE OF T-DNA FROM AGROBAY
INTO PLANT NUCLEAR DNA

i '
INDUCER 4

#
A. TUMEFACIENS

A T-DNS utja a Ti plasmidtol (pTi) a novényi genomba valé stabil integracioig
(Rossi et al., 1998).



Agrobacterium-os transzformacio

« Agrobacterium
contains a circle of

Bacterial

TiPlasmid  -hromosome

DNA (Ti plasmid) O
that carries the
desired genes

~

\
 Co-cultivation of the
Agrobacterium with
plant pieces
transfers the DNA ot ish

with leaf pieces

plus Agrobacterium




Cointegrativ es binaris vektorok

B BB

o

\

L

Co-integrative

\

Binary vector

t-DNA

Bacterial ORI
Ampicillin
resistance

VIR genes



Agrobacterium-mediated Transformation

Ti plasmid ——————

inzerted DA Chromosome : 2
e = SE Cultred
e e | cells
S el A L
i.:..E-':\E'E::.:\.-':- _l
T
i
A. lumefaciens
¢ Flanilast
Coinlagrale X
Ti plasmid .

plant cedl

Translamme
cedl Transganic

iant




Altalanos transzformacios protokoll

Transformation
O/N A.r culture Wash

S

Sterile explants
with dividing cells

Inoculate (mins-hrs) === Co-cultivate (days)

Recovery of transgenic plants 1
Transfer to Transfer to medium Tr_ansfer to _m_edium
regeneration with bactericidal with bactericidal
medium plus antibiotics plus antibiotics (days)
selective selective antibiotics

antibiotics (months)




Csupasz DNS direkt bevitele

 Biolisztikus A protoplasztok sejtfal
(rutinszerlen nelkuli sejtek. A sejtfal
alkalmazzak): leemeésztesevel
DNSsel fedett készulnek. A DNS
reszecskeék direkt felvetelet
belovése a sejtekbe. elektroporacioval vagy

» SiC széalak (1um * polyethylenglyco
70um): képesek kezelessel seqitik elo.

athatolni a sejtfalon.



Biolisztikus bevitel

‘Génagyl’

 DNA coated on
pellets is forced down
the barrel of a
‘Particle Gun’ by an
explosive charge

* The particles are
forced through the
cell wall where the
DNA is released

¥

Petri Dish
with cultures

Explosive

_~Charge

Projectile

— DNA coated

pellets

Barrel
Vent

Stop plate



Microprojectile-rmediated transforrmation of rice

NB NB 1
Mature E==——=xg — --m:-' -*-lh — -
seeds pr——
__ ~ "Induction of Crowth of HT 5, S
primary embryogenic T;**
calluses units kL

(soMBARDMENT Ry
!
. | 20h

BHIH);

Spreadi
R egeneration preading

Maturation



Armed ror research: Gene guns

Helium

Vacuum

Target tissue



clectroporation

Electroporation is the process
where cells are mixed with

a DNA construct and then briefly
exposed to pulses of high electrical
voltage. The cell membrane of the
host cell is penetrable thereby
allowing foreign DNA to enter the
host cell. (Prescott et al., 1999).
Some of these cells will incorporate
the new DNA and express the
desired gene. While direct
introduction of DNA into monocots
by electroporation has proven
successful, the electroporation
technique is used in a relatively
small proportion of cases in
comparison to other methods.




Lathatd markerek

B-glucuronidase __Green Fluorescent
(GUS) Protein (GFP)
Az UidA gén altal odolt * Zolden fluoreszkal
aktivitas altalanosan UV fenyben.
hasznalt. Kék szintad + Nem destruktiv.
egy szintelen » A cryptic intron
szubsztratbol (X-glu) problémaja mar
kimutatasi tesztekben. megoldott.
 Egyedul is

hasznalhato
szelekciohoz.



Szelekcio

« A transzformacio gyakorisaga alacsony
(max. 3%) ezert szelekcio nélkul a nem
transzformalt sejtek tulnének Oket.

« Altalaban pozitiv szelekciot, pl.
antibiotikum rezisztenciat hasznalunk. PI.
A Nptll gen (Neomycin phospho-
transferase ) foszforilalja a kanamycin
csoportba tartozo antibiotikumokat.



A teljes novény regeneralasa
egyetlen sejtbol: ket lehetoseg

Szomatikus Adventitious shoot
embriogenezis formation
« Sok embrio kepzodik. -« Dividing cells
« 3 tipus: stimulated by high
— Pro-embriogén callus [cytokinin]/[auxin] to
_ Cleavage form buds which
polyembryony grow to give shoots

— Secondary embryo
formation



Somatic embryogenesis from
Pro-embryonic masses (PEMs)

+ Auxin leads to high [Putrescine] _
Single cells sloughed

O off the surface
Development and cycling o
of Pro-embryonic masses :
Putrescine
= to Spermidine
E.g. Carrot, gt
Auxin
Ll Polyamine Spermidine
some Interconvesions to Spermine

conifers



Cleavage Polyembryony-

conifers
. Cleavage lengthways
Embryo
Suspensor
Normal Lateral division New embryos

Embyro



Secondary embryo formation

- Most dicots
Abundant
Secondary '
Embryos +Charcoal
+ABA
+Cytokinin -Cytokinin

Early embryo



Development of GM foods

1950 First regeneration of entire plants from an in vitro culture

ok
1973 Researchers develop the ability to isolate genes
2 &
1983 1st transgenic plant: antibiotic resistant tobacco
i
1985 GM plants resistant to insects, viruses, and bacteria are
field tested for the first time - USEFUL TRAITS
ol E
1990 First successful field trial of GM cotton- CROP
1994 IS Flavr-Savr tomato - 1st FDA approval for a food

1995 Monsanto's Roundup Ready soybeans approved for
sale in the United States.



Traditional breed ing method Transgenic approach

Pl P2 Isolate R genes
(Farent 1) {Parent £) A
Resistant Susceptible Resistant plamt species A == L]
o P e E
Resistant plant species B e E _——
C
LA el aTaata Resistant plant species ¢ — L]
(L S R W L T
1 2 3 | 2 3 Construct binary plasmid
-y - - containing T-DNA with J
muliiple B genes
Fl Freormn odifTesresrut scouarre
resisiant ) s f
h L -
o l M s
Trauresform into
advanced
Backeross
Fl 1o P2 - bt e 25% Pl f:l'l‘.'fdil'lﬁliﬂt -
A A Multiple Susceptible
9 ) 9 12 5% P1 AR C—= resistance cultivar for
Six cycles of E.Elﬁ-'i-'- P A4 LIV LA in a single [>X improvement
backcrossing to P2 3.12% P ':"'ﬂsﬂﬂ'“ﬂ
= = 1.65% P1 Ing
. n‘m‘ F] L g L
introgressed v el b 4,
Segment
el Fewer backcrossing
R gene = - generations requined
Backeross T is resistant but before a useful new
otherwise has predominantly line is icdentified
P2 genes




Global area of transgenic crops

(ISAA Brief. Global Review of Commercialised Transgenic crops: 1998 &
2001)

(®))
o

« Acreage of
transgenic crops
has gone from
nothing in 1995 to
around 135 million
acres in 2001.

s & G
R D

S
e e

Millions of hectares
w
)

0
1995 1997 1999 2001



Types of GM crops (1998)

Soybean and corn are

the major GM crops 40 -

Large acreage 1B

Grown in the USA S

Can be regenerated ° ot

Acreage of potatoes 5 - ﬂ N =

is small (<0.1 million D e WAt Sy

hectares) =0 £ §
3 S



GM crop areas in North America

 Almost 1/3rd of the
Soybean crop in the 60

USis GM (60% of ~ § 0
crop in Argentina) 8 30
» Almost 1/4 of US corn 10
« 50% of Canadian oil ; % i B
seed rape Wi e G
P %5



Types of genetic modification

e >99% of all
transgenic crops
are either
herbicide or
Insect resistant

e <1% have other
traits

Millions of hectares

25
20
15
10

Herbicide

-

Insect
resistance

Others



Approved Transgenic plants

Soybean

Corn oot
Cotton /

Oil Seed rape
Sugarbeet
Squash
Tomato
Tobacco

Carnations
Potato
Flax
Papaya
Chicory
Rice
Melon



Problemak és lehetosegek




Future traits and methodology

Environmental stress « Targetting to the

resistance chloroplast

Edible vaccines * Organ specific
Post-harvest quality expression
‘Plantibodies’ * Antibiotic-free
Biodegradeable selection

plastics » Greater gene stability

Fungal resistance * More crop species



Unethical to medd|
with nature

‘Contamination’ of
non-GM crops

Lack of public
choice

Allergic reactions

Generation of
‘Super-weeds’

‘Problems’

with GM foods

« Transfer of antibiotic
resistance genes

Re-activation of
latent viruses

Toxins

Loss of diversity
Poisoning /
reduction of
beneficial insects



Osszegzés

A noveényi biotechnologia sokféle
modon lehet hasznos.

Sokféle hasznos tulajdonsag beviheto
Igy a kulonb0z0 novényekbe.

A GM novenyek haszna oly jelentGs,
hogy e technologia gyorsan elterjedt.

A lehetseges hasznot es karokat
minden egyes esetben fuggetlenul kell
merlegelni.
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