Transgenoze a reverzni
genetika

Metody transformace
rostlinnych bunék

Rekombinace



Vyuziti fransgenoze

» Mutageneze (ztrata funkce)

funk¢ni rostlinny gen
s introny

transkript funkéniho
genu

nefunk¢ni rostlinny
gen, jehoz kodujici
sekvence byla
preruSena vnesenim
cizorodé DNA,

a jeho transkript

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Vyuziti fransgenoze 3

» Charakterizace promotoru na zakladé
exprese reportérového genu

funk¢ni rostlinny gen
s introny

transkript funkéniho
genu

reportérovy gen je regulovan
® A rostlinnym promotorem

vznika transkript reportérového

genu

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Vyuziti transgenoze

» Charakterizace kddujici oblasti
zesilenim jeji exprese (enhancer,
promotor)

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Vyuziti fransgenoze

Genova aktivace

Silny cizorody
promotor zvySuje
expresi rostlinného
genu

Cizorody enhancer
zvySuje expresi
rostlinného genu
pusobenim na
rostlinny promotor

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Vyuziti fransgenoze

» Exprese cizorodého genu

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Vyuziti transgenoze
Gene therapy

+ Cilené potlaceni funkce genu, jehoz

produkt spousti kaskddu reakci
vedoucich k onemocnéni

* Ndhrada ¢i oprava chybéjiciho,

vadného genu

/

Institute of Experimental Botany, Academy of Sciences of the Czech republic



Optimalizace

transformace
» vybér
- rostlinného materidlu (schopnost
bunécného déleni, pripadné regenerace)
- (¢inné metody prenosu DNA
- selekéniho systému

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Metody transformace 9

.prirozend” metoda
via Agrobacterium
- dalsi modifikace metody (agroinfekce, vakuova infiltrace)

pomoci rostlinného viru
- prechodnd (transientni) exprese

.direct gene transfer"

vheseni DNA do protoplastu pomoci:
elektroporace
plsobenim PEGu (polyethylenglykol)

mikroinjekce
biolistika (.particle bombardment", .microprojectile bombardment")
agrolistika (kombinace vyuziti agrobakteria a biolistiky)

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



, 10
Transformace pomoci

Agrobacterium tumefaciens

rod Agrobacterium

= pldni, gram - bakterie

= Rhizobiaceae

= fytopatogenni druhy A.tumefaciens, A. rhizogenes

(vyvolani onemocnéni podminéno pritomnosti velkého
plasmidu, 150 - 200 kb)

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



rod Agrobacterium

A. tumefaciens
Ti plasmid (..tumor-
inducing")
onemochéni ,crown
gall disease”

A. rhizogenes
Ri plasmid (.root-
inducing”
onemocnéni ,hairy
root disease"

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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soucinnost Tri
genetickych komponent:

prenos Cdsti Ti, Ri
plasmidu (T-DNA) do
jadra rostlinné bunky

vir oblast (Ti, Ri
plasmid)

chromozomadlni geny
agrobakteria

AGROBACTERIUM

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



T-DNA 15
Jranferred DNA"

geny pro syntézu opinll (zdroj C, N, energie pro agrobakterium)
a latek hormondlni povahy

T-DNA mizZe sestdvat z jednoho Ci dvou Usekd
T, -DNA (left), To-DNA (right)
velikost T-DNA 15-45 kb

T-DNA ohrani¢ena levou a pravou hrani¢ni oblasti
(primé repetice 25 bp)

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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5 -CGGCAGGATATATTCAATTGTAAAT
GCCGTCCTATATAAGTTAACATTTA-5’
ﬁ——g——

5°- TGGCAGGATATATACCGTTGTAATT

) ACQGTCCTNUHATGGCAACATTAAﬁ’

Fig. 3a,b. Site of the nick between 3rd and 4th basepairs (A) of the 25-bp border repeat (underlined, T-
strand portion). a Left border. b Right border

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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vir oblast (,virulence region™)
Ti, Ri plasmidu

geny pro prenos T-DNA do rostlinné bunky

produktem Vir proteiny

induktory exprese nizkomolekuldrni fenolické slouceniny
(acetosyringon), produkce v reakci na poranéni u vétsiny 2D rostlin

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Funkce Vir proteint: 16

indukce exprese vir oblasti (VirA, VirG - reakce na
fenolickou ldtku

vystrizeni T-DNA (VirD1, VirD2)
tvorba péru pro mezibunécny prenos (VirB1-11)
? ochrana T-retézce pred degradaci (Virg2)

prenos T-DNA (VirE2 vazba na rostlinny faktor VIP,
VirD2 s NLS vazba na KAP-a) a integrace do genomu
rostlinné buriky

cilend proteolyza proteint T-komplexu pred integraci
(VirF)

Lucie Perry

Institute of Experimental Botany, Academy of Sciences of the Czech republic



AGROBACTERIUM

17

Lucie Perry

Institute of Experimental Botany, Academy of Sciences of the Czech republic



Bindrni vektory

Schema binarniho transformacniho vektoru pro prenos
do rostlinné buiikky pomoci agrobakteria

Sekvence pro expresi v bakterialni - Sekvence pro expresi v rostlinné
bunce (promotor, selek¢ni marker, bunce (promotor, selekéni marker,
pocatky replikace, pocatek - terminator transkripce aj.)

< } hranic¢ni sekvence T-DNA

18

upraveny Ti
plasmid:

helper plasmid
bindrni vektor

BIBAC (binary
bacterial
artificial
chromosome)

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



~LB

~ EcoRil
".L i~ Sac
I iy 'Fﬂ-'lﬁll
PEIN 19 — BamHI|
11 777 bp [ §—Abal
-Iur -II III_ '::':qull
£\ = Hindlll
—Cial

[ 0s-netll-nos
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pBIN19

* upraveny Ti

plasmid:

*  helper plasmid

binarni vektor

LB, RB
oriV
nos-nptll-nos

polylinker
nptlll

hrani¢ni sekvence T-DNA
pocatek replikace
gen Km resistence s

promotorem a polyA

Km resistence v bakterii

Lucie Perry

Institute of Experimental Botany, Academy of Sciences of the Czech republic
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- kokultivaci
agrobakteria

s rostlinnym pletivem,
bunéenou kulturou,
protoplasty /n vitro

- vakuovou infiltraci
agrobakteria do pletiva

- inokulact in planta

AGROBACTERIUM

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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it
plam el

receplors

indukce vir
oblasti
fenolickymi
slou¢eninami

AGROBACTERIUM

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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LB < T-DNA~————"®RB

LB and RB Nicked by VirD2

Repair Replication Displacing T-Strand

T-strand

Original DNA —>
g 7,
Newly Synthesized DNA = =9

VirD2 Protein —

Fig. 4. The possibility of the nick at the right border of T-DNA serving as a starting point for DNA
repair synthesis. This would displace the T-strand as it proceeds until the next nick site is reached at its 3”
end (left border)

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Transformace 2
pomoci
agrobakteria

_@ plant phenolic signals
@ .6

CYTOPLASM

plant cell
wall

(o]
LI
vitronectin-like NUCLEUS

plant cell
receptors

Ran-like
protein ‘
complex

coval VWAV
chve VAN

VirD1 VirC1,

vzhik T- = v
komplexu :

T-complex

= A | N o) VirD2 NLS
& = VirE2 NLS receptors
¢ receptors

integrated
T-DNA

plant cell
wall

AGROBACTERIUM HOST PLANT CELL

Figure 1. Agrobacterium-Plant Cell Interactions.

This diagram summarizes all major cellular reactions involved in T-DNA transport, Steps 1 through 7 indicate sequential processes that occur
during Agrobacterium infection. Step 1, binding of Agrobacterium to the host cell surface receptors; step 2, recognition of plant signal molecules
by the bacterial VirA/VirG sensor-transducer system; step 3, activation of the bacterial vir genes; step 4, production of the transferable T-strand;
step 5, formation of the T-complex and its transport into the host plant cell; step 6, nuclear import of the T-complex; and step 7, T-DNA integration.
IM, bacterial inner membrane; NPC, nuclear pore complex; OM, bacterial outer membrane; PP, bacterial periplasm.

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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modely:

dvojretézcovy zlom
oprava jednoretézcové mezery
model mikrohomologii

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Prima metoda
transformace protoplastt

zbaveny bunééné stény (bariéra pienosu DNA
do bunky)

*prachod bun&tnou membranou pomoci PEG
a/nebo elektroporace nebo lipozomi

25

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Prima metoda transformace
protoplasti

*nevyhodou

- integrace veétsiho mnozstvi kopii (az 100 kopii integrovano do
genomu, ¢asto do jediného mista)

- nepresnost integrace (kopie ¢asto zkrdcené, pieusporddané)

- mald (cinnost (ve srovndni s transformaci agrobakteriem)

*vyhodou uniformita regenerovaného pletiva

26

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Prima metoda transformace 27
protoplastl

izolace protoplastii
*nejcastéji z mesophylovych bunék, bunéené suspenzni kultury
*poskozenim bunéené stény mechanicky nebo enzymaticky

*po dobu regenerace bunécné stény vyzaduji vysokou osmotickou
hodnotu média

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Prima metoda transformace 28
protoplastl

PEG (polyethylen glykol)
mozno kombinovat s elektroporaci

elektroporace
podminky elektroporace (sila pole) zavislé na priaméru buinky
dilezitd délka a mnozstvi pulsi

liposomy

umélé lipidové vacky pro prenos DNA

ochrana DNA pied degradaci Dndazami

ptenos DNA do protoplastu flzi a endocytdzou

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Biolistika
(.microprojectile or particle
bombardment”)

*mikroprojektily (Au, W)
*particle gun

29

Institute of Experimental Botany, Academy of Sciences of the Czech republic



Particle gun

Gas
acceleration
tube

Macrocarrier

Microcarrier

launch assembly __" oA \ Stopping screen
; DNA-coated
dTarget: ;- . - ! microcarriers

cells

“ .
a2 X X X X X L % ¥ K ¥ ] - e

-z Target
shelf

30

Lucie Perry
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biolistika (.microprojectile 3z
or particle bombardment™)

*pouzitelné pro jakékoli pletivo a rostlinny druh,
limitovdno jen schopnosti regenerace (vyhodné pro
transientni expresi), optimalizaci pienos piimo do
jadra ¢i chloroplastu

Agrolistika (varianta biolistiky)

m plasmid s geny pro proteiny VirD1 a VirD2
m plasmid s hrani¢nimi oblastmi T-DNA
ohranicujicimi trangen a selekéni marker

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Zpusobilost rostliny pro 32
transformaci

“»rostliny se lisi

- velikosti genomu

- procentem vysoce repetitivnich sekvenci
(nekodujici oblast)

- ploidii

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



velikost hodnota 2C | pocet genli | podil vysoce

haploidniho | (obsah DNA (odhad/ repetitivnich
genomu (bp) |y pg) skuteny) sekvenci

Arabidopsis thaliana 1.17 x 108 0.3 ~25 000 10%
(husenicek)

Lilium longiflorum (lilie) 9 x 1010

Lycopersicon esculentum 6.55 x 108
(rajce)

Nicotiana tabacum (tabak) 3.8 x 10°
Oryza sativa (ryze) 4 x 108

Pinus resinosa (borovice) 6.8 x 1010

Psilotum nudum 2.5 x 10!
(kapradina)

Zea mays (kukufice) 5% 10°

Phi-X 174 (virus E. coli) 53x 103
E. coli 4.6 x 10°
obojzivelnici 10° - 10!

Homo sapiens 3.3 x 10°

Lucie Perr Institute of Experimental Botany, Academy of Sciences of the Czech republic
y p y y



Zpusobilost rostliny pro 34
transformaci

“»rostliny se lisi velikosti genomu a procentem vysoce
repetitivnich sekvenci (nekddujici oblast), ploidii

“*integrace T-DNA do transkripéné aktivnich oblasti - u
tabdku a Arabidopsis stejnd (oproti tomu pti piimém
prenosu &i biolistice neni zadnd preference)

<+odlisnd schopnost regenerace riznych rostlinnych druhu a jejich
pletiv

+0dlidnd rychlost ristu a zivotniho cyklu

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Selekéni systémy 35

% pozitivni selekéni marker

ziskdni resistence k selekénimu agens -
antibiotikum, herbicid

produkt selekéniho markeru + pridany
substrat zplsobi barevnou reakci,
fluorescenci, luminiscenci, tzv. reportérové

geny

% selekce podle fenotypu - somaklondlni
variabilita

mohou vznikat chiméry

Lucie Perry

Institute of Experimental Botany, Academy of Sciences of the Czech republic



_ S 3
Somaklonalni variabilita 2

% existence bungk, pletiv a celych rostlin, které vykazuji
fenotypovou odchylku od primérného ¢i normdlniho fenotypu
somatické buiky, pletiva nebo rostliny, z nichz byly odvozeny
(klonovany)

<+ odrazi drobné spontdnni zmény v genotypu nebo
V genové expresi

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Transformaéni vektor °7

0 , ro prenos do agrobakteria
pro klonovani v E. coli pro prenos do ag
. : a udrZovani
pocatek replikace s : o
- g pocdtek mezibakteridlniho
selekéni marker pod kontrolou o nosu
bakteridlniho promotoru P

*pocdtek replikace

Schema bindrniho transformacniho vektoru pro ptenos
do rostlinné butiky pomoci agrobakteria

pro prenos do rostliny
pomoci agrobakteria
*hrani¢ni sekvence

pro selekci transgennich

\d
bunek
* v s
- Sekvence pro expresi v bakterialni - Sekvence pro expresi v rostlinné S e l e kC ni mG r ke r pO d
burnice (promotor, selekéni marker, burice (promotor, selekéni marker, o P
pocitky replikace, pocatek | Jp—"- transkripce aj.) kO nT ro I ou ros T l innhe h (o)
{ } hrani¢ni sekvence T-DNA p r' (o) m (o) 1"0 r‘ u

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Kotransformace 76

transformace vice vektory (u agrobakteria také
vice T-DNA, které mohou byt na jednom vektoru
nebo na odlisnych vektorech)

kazdy vektor (T-DNA) nese jiny selekeni marker

Lucie Perry

Institute of Experimental Botany, Academy of Sciences of the Czech republic



Selekéni markery

produkt genu princip selek¢ni agens
selekce

neomycinfosfotranferaza II

hygromycinfosfotransferaza

dihydrofolatreduktaza

vazebny protein bleomycinu
chloramfenikolacetyltransferaza

fosfinotricinacetyltransferaza

acetolaktatsyntaza

dehalogenaza

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Transformace w0

chloroplastt

=prokaryoticka transkripce

=vysoky pocet kopii v genomu
=plastidovy genom neprenosny pylem
="neni silencing

= transplastome”

Lucie Perry

Institute of Experimental Botany, Academy of Sciences of the Czech republic



Rekombinace a oprava DNA

rekombinace molekul DNA zajistuje v buiice

-genetickou variabilitu (crossing over pfi
(Al¥4)

opravu DNA po poskozeni

-inkorporaci transgeni do genomu

41

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Rekombinace a oprava DNA

4z
bakterie, kvasinky

preference homologni rekombinace pii opravé
DSB (dvojietézcovy zlom DNA) i pii inkorporaci
transgenu

rostliny, Zivocichové (vétsSina eukaryot)

oprava DSB a inkorporace transgenu zajisténa
zejména nehomologni rekombinaci (spojeni
konci DNA)

Lucie Perry

Institute of Experimental Botany, Academy of Sciences of the Czech republic



Vyuziti rekombinace v
transgenozi 43

gene targeting
cileny a presny zdsah do genomu

pomoci homologni rekombinace mezi
chromozomadlni a vndsenou DNA
rostliny, Zivotichové (vétsina
eukaryot)

opravou syntetickymi chimerickymi
oligonukleotidy RNA/DNA

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Homologni 44
rekombinace

frekvence homologni rekombinace

stanovuje se (experimentdlng) pomérem bunek, u nichz
dvé defektni (vzdjemné komplementujici) ¢asti genu
vytvoii (homologni rekombinaci) funkéni gen a téch,

v hichz jsou pfitomny ob¢ ¢dsti genu, ale gen neni
funkéni

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Homologni rekombinace 45

1. extrachromozomalni rekombinace rekombinace mezi dvéma
vnasenymi molekulami DNA

holé molekuly DNA i T-komplexy
u rostlin frekvence 1 az 4%

2. intrachromozomalni rekombinace
rekombinace mezi dvéma Useky DNA na tomtéz chromozomu

u rostlin frekvence 10-5 az 10-6

pravdépodobng slozitéjsi mechanismus nez u extrachromozomadlni
rekombinace (nutné naruseni struktury chromatinu)

3. gene targeting
rekombinace mezi vndsenou DNA a cilovym mistem na chromozomu

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



CHS lokus

NPTH [ ||

vektor pro gene targeting

4 6 oblasti

] homologie

upraveny CHS lokus

NeTH | ]|

Schematické znazornini CHS lokusu jako cilového mista na
chromozomu a T-DNA jako “replacement” vektoru.

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Ilegitimni (nehomologni) #/

rekombinace

% integrace T-DNA
jenom nékolik bazi mikrohomologie s hrani¢ni sekvenci v misté integrace
delece, preusporadani, filler (vypliiujici) sekvence

zachovdna zpravidla prava hrani¢ni oblast (chrani VirD2 protein)

prevlddajici zptsob integrace DNA i u p¥imych metod transformace

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Faktory ovliviujici homologni 45
rekombinaci

‘pomér homologni/nehomologni rekombinace (vysoka frekvence
ilegitimni rekombinace u rostlin ptekdzkou pro homologni
rekombinaci)

vyssi rostliny  10-3 az 106

savci 10-2 az 10
nizsi eukaryota (kvasinky, prvoci, vlaknité houby) nad 10%
mech Physcomitrella patens 90%

-délka homologni sekvence
-2?? ploidie

‘bunéény typ a fdze bunééného cyklu

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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|1210bp | 2492 bp |

NA
90NA s T Gruciienn #1719 p | 22

Fig. 2. The seed-based gene-targeting assay. The assay is bassd on the
activation of GFP upon homologous integration of the gene-targeting vector
{pH5GT1, described inFig. 1)intot wrmic DNA (gD A ofthe Arabidopsis

ciferin + 1718 bp orisali MNA 5 C cerm ent vector

with homology to the target Cruciferingene on baoth si f thie vector (1,210

and 2,452 bp, respective ly). The gene-targeting product givesriseto a chimeric

Cru-aFP din the seed under the control of the Croo-
l ferin promoter. NOS5, Nopaline synthass.

JONA [Pro [ Gru | e

|
& E

GFP-NOS

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Stimulace presneé 50
intfegrace transgenu

“*expresi rekombinacnich enzymi

“*represe ¢i mutageneze genu Gcastnicich se ilegitimni rekombinace, inhibice
jejich produkti

“vytvoienim DSB chemicky (latky poskozujici DNA), (pfechodnou) expresi
mistné specifické endonukledzy

“*blokovani 3’konce prendsené molekuly DNA (pouze pii ptimych metoddch
transformace)

<pouzitim mistné specifickych rekombina¢nich systémi prokaryot a nizsich
eukaryot (rekombindza/ rozpozndvané cilové misto)

Cre/ lox bakteriofdga P1
Flp/ frt Saccharomyces cerevisiae
R/RS Zygosaccharomyces rouxii

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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=g~ Centrosormes 52

Nucleating
sites

The Centrosome and the Centrioles

ANIMAL CELL CENTROSOME: The centrosome, also called the "microtubule organizing center", is an area in the cell
where microtubles are produced. Within an animal cell centrosome there is a pair of small organelles, the centrioles, each
made up of a ring of nine groups of microtubules. There are three fused microtubules in each group. The two centrioles are
arranged such that one is perpendicular to the other.

During animal cell division, the centrosome divides and the centrioles replicate (make new copies). The result is two
centrosomes, each with its own pair of centrioles. The two centrosomes move to opposite ends of the nucleus, and from each
centrosome, microtubules grow into a "spindle" which is responsible for separating replicated chromosomes into the two
daughter cells.

PLANT CELL CENTROSOME: Plant cells have centrosomes that function much like animal cell centrosomes. However,
unlike centrosomes in animal cells, they do not have centrioles.

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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