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Metody tfransformace |.

Agrobacterium tumefaciens




Geneticky modifikované
plodiny

» ovlivnéni vlastnosti rostlin:
» velikost (vynos), textura, sladkost...
» odolnost proti suchu
» rychlost rOstu v rdznych pudnich podminkdch

= zAvislost na hnojivech

» odolnost vUc&i skOdcUm a nemocem

Drive pomoci selektivnino slechténi.



Jak vytvorit
fransgenni rostlinue




Obecné schéma transformace

Fiprava rekombinantni DNA (konstrukt)

*/ vneseni DNA do rostlinné bunky (primo nebo pomoci

est exprese vnesenych genti

demonstrace stabilni integrace DNA do rostlinného
genomu



Genetickd modifikace
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Tvorba tfransgenu
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Jak dostat DNA do
bunky?¢




Metody transformace (vnaseni DNA)

lipozomy uzavirajici DNA
elektroporace

mikroinjekce DNA do jadra
bombardovani mikroprojektily
vakuova infiltrace

s pouzitim nanoviaken

neprimé - pomoci vektorlt Agrobacterium (plazmidy)
rostlinné viry

modifikovany bakteriofag A



Chapter 18
Genetic Engineering of Plants: Methodology

Table 18.1
TABLE 181 Plant cell DNA-delivery methods

—> Ti plasmid-mediated gene

Method

transfer
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bombardment
Viral vectors

Direct gene transfer into
plant protoplasts

Microinjection

Electroporation

Liposome fusion

Comment

An excellent and highly effective system that is
limited to a few kinds of plants

Used with a wide range of plants and tissues; easy
and inexpensive

Not an effective way to deliver DNA to plant cells

Can be used only with plant cell protoplasts that
can be regenerated into viable plants

Has limited usefulness because only one cell can

be injected at a time; requires the services of a
highly skilled individual

Generally limited to plant cell protoplasts that can
be regenerated into viable plants

Can be used only with plant cell protoplasts that
can be regenerated into viable plants

Molecular Biotechnology: Principles and Applications of Recombinant DNA, Fourth Edition Copyright © 2010 ASM Press

Bernard R. Glick, Jack J. Pasternak, and Cheryl L. Patten

American Society for Microbiology
1752 N St. NW, Washington, DC 20036-2904



Agrobacterium
fumefaciens




Pudni bakterie

Pseudomonas, Corynebacterium
Agrobacterium, Rhizobium,
Bradyrhizobium

nadory Ti plasmid T-DNA
kofri Ri plasmid

icrobewiki.kenyon.edu/index.
obacterium

,»hairy roots“ na segmentu

crown qgall* i
? 9 kofene mrkve


http://microbewiki.kenyon.edu/images/b/b1/Agro1.JPG

Transformace rostlin Ti plasmidem
Agrobacterium tumefaciens

» A. tumefaciens je gramnegativni pudni
bakterie, kterd prirozené transformuje rost.
bunky, vysledkem jsou nadory ,,crown gall

» Tvorba nddoru je vysledkem prenosu,
infegrace a exprese genuU na specifickém
segmentu plasmidu A.f. (T-DNA — fransferovad
DNA)

» T-DNA je soucdasti velkého Ti plasmidu(tumor
indukuijiciho)




T-DNA Ti plasmidu (WT)

1. geny/pro biosyntézu auxinu (iaaM
tryptofan monooxygenaza a iaaH indolyl-
3-acetamid hydrolaza) a cytokinint (ipt
izopentenyltransferaza) = dediferenciace
punék a vznik nadoru (,crown gall®)

geny/pro syntézu nadorove specifickych T
latek, tzv. opini (bazické aminokyseliny: S
oktopin, nopalin, manopin, agropin, R0
istopin, kukumopin) = zdroj dusiku, uhliku
a energie pro bakterie

Caopyright @APS Prass

Clarence |. Kado
University of California, Davis

odzbrojené vektory — odstranéné puvodni bakterialni geny a
vlozeny tzv. geny zajmu




Ti plasmid
(~200,000 bp)
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T-DNA
region

Struktura

Ti plasmidu
border

border

Opine

' catabolism
vir
genes

ori

he infection process:

Wounded plant cell releases phenolics and nutrients.

Pheénolics and nutrients cause chemotaxic response of A. tumefaciens

Attachment of the bacteria to the plant cell.

Certain phenolics (e.g., acetosyringone, hydroxyacetosyringone) induce vir gene
transcription and allow for T-DNA transfer and integration into plant chromosomal DNA.
.|\ Yranscription and translation of the T-DNA in the plant cell to produce opines (food) and
mors (housing) for the bacteria.

(Ne opine permease/catabolism genes on the Ti plasmid allow A. tumefaciens to use
opmes as a C, H, O, and N source.



Mechanismus prenosu T-DNA Ti plasmidu
intermediarni vektor

Agrobacterium

proteiny

inland, TIPS 1996

rostlinna bunka



Donor vector

Homologous
recombinatio
n between
pBR322
sequences

\

Fig Construction of a Co-integrate vector (foreign gene cloned into an appropriate
plasmid is integrated with a disarmed Ti-plasmid through homologous recombination).




The binary Ti plasmid system involves using @
small T-DNA plasmid and a disarmed (i.e., no T-
DNA) Ti plasmid in A. fumefaciens

Z4

A
Plant
selectable
Target
marker gene o
Left  Right
border """ ) border
Selectable marker
E. coli ori gene for both

E. coli and
A. tumefaciens

A. tumefaciens ori




Agrobacterium tumefaciens
upraveny binarni vektor LhGR

Samalova 2005

I Y

c¢ast plazmidu kédujici upraveny plasmid
virulenci



Jak dostat GZ do Agrobacteriume

- elektroporace, ,freeze/thaw" metoda, triparentdlni
konjugace

G

/©C%

robcfer/u 5
/, ‘ ) @ Agrobacterium

Plosmld s GZ se integruje do Ti plasmidu homologni rekombinaci

@ @ - Infekce rostlinnych bunék

Rekombinantni Agrobacterium (intfermedidrni vektor)




Priklady zpusobu transformace
pomoci Agrobacterium

rabidopsis floral dip

Vacuum Infiltration

— Plant leaf disks are placed in a suspension of bacteria and
vacuum pulled

— Airis release like a sponge being squeezed

— Vacuum is released and solution floods tissue
— Plant disk is cultured

Vacuum h Pressure  Ar Pressure
(0.25 atm) I | (1 atm)
)




Agrobacterium rhizogenes

T-DNA Ri (hairy-root inducing) plasmidu (WT)

Simplified genomic map of Ri plasmid

‘ fragmenty: TL a TR_ Origin of

replicatio

mohou byt vlozeny do
rostlinného genomu
nezavisle na sobé

Single T-DNA
Mannopine -
type

Two T-DNA
Agropine-type Ti. TR

http://slideplayer.com/slide/113665%96/

geny pro syntézu opint (manopin, agropin a kukumopin)
= zdroj dusiku, uhliku a energie pro bakterie




Agrobacterium

Funguje dobre pro vétsinu dvoudéloznych, ale ne
ak dobre pro jednodélozné rostliny

)

jiné metody pro tfransformaci




Jak pozndm, ze
doslo k uspéesne
INZercli genue




Selekcni a signalni markery

kanamycin
hygromycin
1. rezistence vuéi antibiotiktim / gentamycin

a cytostatikum (antimetabolika) » methotrexat

2. /Transgen pro beta-glukuronidazu — GUS (zatim
nejuspésnejsi reportérovy transgen. Vhodné substraty méni na modré
produkty nebo fluoreskujici latky)

3. Transgen pro luciferazu. Vyuzivaji se cDNA ze svétlusky Photinus

\ pyralis nebo kodujici sekvence Vibrio harvei. Po dodani substratu (luciferin,
T P) k rostlinnému extraktu nebo do kultivaéniho media dochazi k emisi zateni
1

efitelného luminimetrem, scintilaCnim pocitacem, CCD kamerou. Luciferin
atné pronika do pletiv, substrat je drahy.




Selekcni a signalni markery

4. GFP (,,green fluorescent protein®“ gen z meduzy

Aequorea victoria). Protein GFP pieméiiuje modré

syctlo na zelené. Mé schopnost emitovat zelen¢ svétlo po ozafeni modrym svétlem

440-480 nm). Je to jediny protein, ktery ma schopnost fluoreskovat bez dodani
substraty nebo kofaktorii. Zachovava si schopnost fluoreskovat, 1 kdyz je fizovan s
jinym/proteinem, a to jak na C-, tak 1 A-konci. Mutacemi byl zménén chromofor,
takz¢ fluoreskované svétlo mize mit rtiznou vinovou délku. Plivodni gen se dobre
exprimuje 1 v Zivocisnych bunikach (I1épe jak v rostlinach). V rostlinnych bunkach je
pritomen v jadfe vice nez v cytoplazmé. Existuje 1 fuzni protein GFP-GUS, ktery

a ob¢ signalni aktivity. U A. thaliana bylo prokazano, Ze po ozateni rostlin UV
sveétlem lze fluorescenci pozorovat pouhym okem. Vysoka exprese transgenu vsak
miuize ovliviiovat zivotaschopnost rostlin nebo schopnost regenerace.




Some plant cell reporter and selectable
marker gene systems

Enféme activity Selectable | Reporter
marker gene
ydeomycin phosphotransferase (kan") Yes Yes
/Hygroyr{ycin phosphotransferase (hyg") Yes Yes
Nop/ﬂine synthase No Yes
Oﬁopine synthase No Yes
Iff—glucuronidase (GUS) No Yes
Firefly luciferase No Yes
B-galactosidase No Yes
Bromoxynil nitrilase Yes No
Green fluorescent protein (GFP) No Yes

\




eomycinfosfotransferaza
Koduje protein, ktery inaktivuje
osforylaci Sirsi spektrum

Kanamicin, neomycin)

aminoglykosidovych antibiotik (napfr.

Princip rezistence vuci antibiotikiim

n A plasmid has genes for
| ampicillin resistance (@amp") |
and B-galactosidase (acZ). | [’? A restriction site is

4 within the lacZ gene.

|
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[E] Foreign DNA has the
same restriction site
[ at its ends.

4" B3 Adter cutting the plasmid |
-~/ at the restriction site,
™ the foreign DNA is

inserted into the lacZ
\ gene. inactivating it.

. 3 Host bacteria are transformed |
Transformation

l with the recombinant DNA

and grown on medium with

ampicilin and the substrate

Ty
(G Blue colonies | r
<4 for B-galactosidase.

have the intact

| lacZ gene.

B\ . White colonies have the |
- ' inactivated lacZ gene,
" indicating that they carry

. -/ | the recombinant DNA.
-

13.5: © Dr. Jack Bostrack/Visuals Unlimited, Inc.
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Table 23.2 Selectable marker genes used for gene transfer

Selectable marker gene Substrates used for selection

Neomycin phosphotransferase (nptll) G418, kanamycin, neomycin, paromycin
Hygromycin phosphotransferase (hpt) Hygromycin B

Gentamycin acetyl transferase Gentamycin

Streptomycin phosphotransferase Streptomycin

Dihydrofolate reductase (dhfr) Methotrexate

Phosphinothricin acetyltransferase (bar) L-phosphinothricin (PPT), bialaphos
5-enolpyruvyl shikimate -3-phosphate (EPSP) synthase (aroA) Glyphosate (roundup)

Acetolactate synthase mutant form (als) Sulphonylurea, imidazolinones

Bromoxynil nitrilase (bxn) Bromoxynil




Alternativy ke genu pro resistenci k
antiobiotikum

Rostlinny pUuvod genu rezistence k antibiotikim

eny rezistence k herbicidim

~positivni* selekéni markery - podpora rustu
transformovanych rostlin (péstovani na médiu, které ma pro
netransformovaneé rostliny toxicky nebo smrtici efekt nebo
schopnost autonomni produkce hormonU nutnych pro
eneraci rostlin)

‘negativni* selekcni markery — smrtici efekt, zména
netoxického substratu na toxicky nebo primd produkce
toxickeé latky; obvykle zaroven s pozitivni selekci, napr. pro
odstranéni nezddoucich genu (napr. selekeni)

Reportérové geny - vizualizace (napf. luciferdza, GFP...)
Odstranéni markerovych genu

Analyza genu po transformaci pomoci PCR pro kontrolu,
zda rostliny obsahuiji transgeny (bez pourziti selekEnich nebo
signdlnich genu)

(Breyer et al. 2014)



Nevyhoda transgeneze

®» sice umoznuje viozit urcCitou znamou vlastnost

» ale stale neumi presne lokalizovat viozeni transgenu
do genomu = je dilem nahody, kam se do geneticke
mapy vnaseny gen zaradi (,off-site”)

® vzhikaji tak nahodnée inzercni mutace = mohou
pusobovat poSkozeni nebo zménu akivity genu, do
ktereho se transgen zaradil

tento problém feSi nové biotechnologie =)




