Bi18240 GENETIKA ROSTLIN

Prezentace 08
Biotechnologie ve slechténi
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Biotechnologie jsou rozsirenim slechteni
Obohaceni klasickych postupu ve Slechténi

Tradiéni Slechténi — kombinuje mnoho gentli sou¢asné

Many genes are transferred
Des"ed Gene

B

Donor Commercial New Plant
Plant Plant Variety Variety

Biotechnologie — cilené vkladani genu

A single gene is
transferred

Desired Gene
Desired

g. 4...... G _..%xgﬁ.

Donor Commercial Imprnved

Plant Variety Commercial
Plant Variety




Explantatové kultury
Biotechnologické metody

Zakladni principy

» Totipotentni schopnost somatické bunky
» Regenerace celistvych rostlin i z 1 bunky
» Sterilni prostredi in vitro, vyziva

Cile

» Regenerace pfi genetickych modifikacich
» Vegetativhi mnozeni materialu

» Indukce haploidie




Primarni explanat

Regenerace
rostlin

DUCHEFA Biochemie BV, 1996



Zakladni schéma regenerace rostlin v
podminkach in vitro

somaticka embryogeneze

Primarni
explanat %

ROSTLIN

embrymdy regenerace  zakofefovani haploidni
rostlin rostlina

lzolova organogeneze
prasnik
¢
e

tvorba regenerace
kalusu rostlin zakofenovani

u
haploidy, dihaploidy,
(chiméry, aneuplody)

Seman a kol. 1990



Embryoid

Novak, 1990
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Metody vyznamné ve slechténi

» Regenerace rostlin — genetické modifikace
» Mikropropagace, klonové mnozeni
» Konzervace genotypl

» Indukce haploidt
— kultury izolovanych prasniku
— mikrospor

» Mezidruhova hybridizace
— embryo kultury
— opyleni in vitro

» Somaticka hybridizace — fuze protoplastu




Schéma mikropropagace

zhluky
pUCikov
a
vyhonkov

OSTLIN

izoldcia
meristémov

~ istém sli ymi tvorba mnohondsob -
razneha meristém s listovymi

primordiami nych vyhonkov
(velkost 0,3-05mm)  (01pmol NAA=0,02mg.!"
20pmol BAR=45mg ")

cyklus mdze byt opakovany
bez obmedzenia

I

i rozdelenie
7 : explantdtov
na
i mensie
= A S T NS
presadenie izolacia
do nesterilnych \ / vyhonkov , 3 :

podmienok na
indukcia tvorby korefov zakorenenie

hydropénia, zemina [Sumol NAA=1mg [)

min 2[?_r!1_m )

0,1umol NAA

a kol. 1990




Cyclamen Lilium
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DUCHEFA Biochemie BV, 1996
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Zakorenovani Lilium

DUCHEFA Biochemie BV, 1996



Orchideje

DUCHEFA Biochemie BV, 1996



DUCHEFA Biochemie BV, 1996



Kultivace v kontrolovanych podminkach

DUCHEFA Biochemie BV, 1996



Haplodie v podminkach in vitro

1. Kalusové a suspenzni kultury in vitro

ROSTLIN

2. Pylové a prasnikove kultury in vitro
— (tabak, jeCmen, ryze)

3. Mezidruhové krizeni a eliminace chromozomu
— (rod Hordeum)




Schematické znazorneni androgeneze

izolované
prasnik

-0l

somaticka embryogeneze

embryoidy regenerace  zakofefovani haploidni
rostlin rostlina

organogeneze

£
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tvorba regenerace

kaliisn rastlin zakoFefiovani haploidy, dihaploidy,

(chiméry, aneuplody)

Seman a kol. 1990
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Tvorba embryoidul v kultufe mikrospor
Brassica napus

DUCHEFA Biochemie BV, 1996
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Tvorba embryoidu v kulture prasniku
Capsicum annuum

DUCHEFA Biochemie BV, 1996



egenerace rostlin v prasnikové kulture
Hordeum vulgare

DUCHEFA Biochemie BV, 1996



Genetické modifikace rostlin

» Jsou definovany jako primé a cilené zasahy do
dédiéného materialu organizmu, ¢imz rozumime
DNA.

Vyznam

» Teoreticky modeloveé rostliny, metody transformace

» Aplikovany Slechténi, komercni vyuziti -
zemeédélstvi, zahradnictvi, Iékarstvi, farmacie

» Soucasnost nove postupy — predmeét Aplikovana
genetika a slechteni







ROSTLIN
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Metody transformace u rostlin
odle prenosu DNA do bunék:

E>Nepfimé: GENE

identified and

— Agrobacterium -
— semena, listové disky, el Z - \gen«e

Ogena inserted replication
bacterium mixed ‘

kofeny, embrya, buriky virseniie 0 i
Id particles
— vakuova infiltrace @ ﬁ““p“”““’“%iﬁ

&/4" 4
fi plasmid moves o~ cells shot with gene
into plant cell and | — ] | gunand DNA
inserts DNA into — 4 incorporated into
[> P ‘I{,i m é - plant chromosome g plant cell chromosome
[ ]

— elektroporace protoplastu
— mikroinjekce DNA s:,;';%':u ﬂﬁ@ g . =

cells screened transformed cells transgenic planl

- bOm bal’d OVéni mlkl‘OprO— for transgene selected with regenerated from single
] ] selectable marker transformed cell
jektily

— PEG
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Rod Agrobacterium
» Pudni gramnegativni bakterie
» Celed: Rhizobiaceae

» Druhy:
— A. tumefaciens —_—
— A. rhizogenes Ti plasmid

~ A. rubi - "
— A. radiobacter Ty —

i ;.f_. Agrobacteriam tumefaciens

» Plazmidy Ti, Ri



Transgeny

» Geny chimérické

» Geny markerove
— selektovatelné hpt, npt, bar
— signalni GUS, GFP (s rostlinnymi promotory)

» Exprese transgenu, pocet transgenu
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Historie transformace rostlin

» 1983 tabak

» 1984 mrkev, Stirovnik

» 1985 repka olejka, petunie

» 1986 vojteska, husenicek, rajCe, tykev

» 1987 chrest, bavinik, len, redkvicka, salat, brambor,
zito, slunecnice

» 1988 kvetak, celer, ryze, soja,
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Historie transformace rostlin

» 1989 jablor

» 1990 chryzantema, citrus, jetel, papaja, jahodnik
» 1991 karafiat, kiwi, meloun, Svestka

» 1992 cukrovka, psenice

» 1993 hrach, jeCmen
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Pocet polnich pokusu s geneticky
modifikovanymi plodinami 1986-1997

Afrika

Asie

Latinska Amerika
Evropa a Rusko
USA a Kanada

Pocet polnich pokusu

0

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997
Rok




Celkova plocha GM plodin (mil. ha)
1996-2014

GLOBAL AREA OF BIOTECH CROPS
Million Hectares (1996-2014)

~{)~ Total Hectares
=}~ Industrial

—— Developing

. 28 Biotech Crop Countries
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Million Hectares

I [ I I
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

A record 18 million farmers, in 28 countries, planted 181.5 million hectares (448 million acres)
in 2014, a sustained increase of 3 to 4% or 6.3 million hectares (~16 million acres) over 2013.

Source: Clive James, 2014,




Celkova plocha GM plodin (mil. ha)
1996-2016

MILLION MILLION
ACRES HECTARES

494 200 54% 46% 185.1

MILLION HECTARES
445 180 19 iiome 7

COUNTRIES
395 160 185.1 MILLION HECTARES ——————— |

346 140
296 120 90.4

MILLION HECTARES
247 100
198 80
85.5
148 60 MILLION HECTARES

99 40

49 20

| " L " L " " L " " " L L l

1996 2002 2009 2016

e TOTAL e [NDUSTRIAL COUNTRIES === DEVELOPING COUNTRIES

* Resumes high adoption at 185.1 million hectares
* ~110-fold increase from 1996
» 2.1 billion accumulated hectarage
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Celkova plocha GM plodin (mil. ha)
1996-2006

Rok Hektaru (mil.) Akra (mil.)
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

Celkem
13% narust, 12 mil. hektaru (30 miliont akri) mezi roky 2005 a 2006.
Zdroj: Clive James, 2006
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)’ Celkova plocha GM plodin v 21 zemich

r. 2006 (mil. ha)

Biotech Crop Countries and Mega-Countries*, 2006

#16 #21 #19 #22 #17
France Germany Czech Repubilic | | Slovakia Iran
<0.05 Million Has. | | <0.05 Million Has. | | <0.05 Million Has. | | <0.05 Million Has. <0.05 Million Has.

Maize ize Maize Maize Rice

#20
Portugal
<0.05 Million Has.

Maize

#18 #15

Honduras Colombia
<0.05 Million Has. <0.05 Million Has.

Maize Cotton

- * 14 biotech mega-countries growing 50,000 hectares, or more, of biotech crops.

Source: Clive James, 2006




Celkova plocha GM plodin v 26 zemich
r. 2016 (mil. ha)

#17 Pakistan*
2.9 Million Has.

#4 Canada™ :
11.6 Million Has. #15 Spain*

Canola, Maize, Soybean, 0.1 Million Has. | | #26 Czech Republic | itar
Sugar I;.'_-e.'_.hr-.l‘:.;lln I Maize <0.05 Miliion Has. s -

Maize

#1 USA*

72.9 Million Has.

Maize, Soybean, Cotton, Canola,
Sugsr best, Alfalfa, Papaya,
Squash, Potato

#22 Portugal
<0.05 Million Has.

Malze

#25 Slovakia
<0.05 Million Has.
Maize

#23 Bangladesh
<0.05 Million Has.
Brinjal/Eggpiant

#8 China*

2.8 Million Has.
Catton, Papaya, Paplar

#17 Mexico*
#20 Honduras 0.1 Million Has.
<0.05 Million Has. - Cotton, Soybean
Maize E

= #13 Philippines™
#18 Colombig* E 1 0.8 Million Has.
#24 Costa Rico 0,1 Million Has. Malza
<0.05 Million Has. o | Catton Maize -

Cotton, Soybzan, Pineapple

#11 Bolivia*
1.2 Million Has.

e £ #5 India*
| | #2 Brozil* 10.8 Million Has.

#21 Chile 49.1 Million Has. Cotton
<0.05 Million Has.

% Soybean, Maize, Cottan
i o ' ' #14 Myanmar*

I = 0.3 Million Has. >
#9 South Africa* i #12 Australio*
2.7 Million Has. ol 0.9 Million Has.

| Maize, Soybean, Cotton Cotten, Cancla

#3 Argentina®
238 Million Has.

Soybean, Maize, Colton

#10 Uruguay* | #16 Sudan*
1.3 Million Has. 0.1 Million Has.
Soybear, Maize | Cotton

#19 Vietnam
<0.05 Million Has.

Mailze

#6 Paroguay*
3.6 Million Has.

Soybean, Maize, Cotton
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ISAAA, 2016

_| *18 biotech mega-countries growing 50,000 hectares, or more, of biotech crops.




Celkova plocha GM plodin v 28 zemich
r. 2014

Global Area (Million Hectares) of Biotech
Crops, 2014: by Country

Biotech Mega Countries
50,000 hectares (125,000 acres), or more

Million Hectares

USA 73.1
Brazil* 42.2
Argentina* 24.3
India* 11.6
Canada 11.6
China* 3.9
Paraguay* 3.9
Pakistan* 2.9
South Africa* 2.7
‘ . Uruguay* 1.6

Bolivia* 1.0
Philippines* 0.8
Australia 0.5
Burkina Faso* 0.5
Myanmar* 0.3
Mexico* 0.2
Spain 0.1
Colombia* 0.1

In 2014, global area of biotech - Sudan 0-1

crops was 181.5 million hectares, Less than 50,000 hectares

representing an increase of 3 to Honduras* Romania

4% over 2013, equivalent to 6.3 Chile* Slovakia

million hectares. Portugal Costa Rica*
Cuba* Bangladesh*
Czech Republic

. a %
87% 11% Asia
Americas

LN, OR LN

28 countries which have adopted
Increase over 2013 biotech crops

* Developing countries



Celkova plocha GM plodin v 26 zemich
r. 2016

50,000 hectares, or more

USA 72.9 million
Brazil* 49.1 million
Argentina* 23.8 million
Canada 11.6 million
India* 10.8 million
Paraguay™ 3.6 million
Pakistan* 2.9 million
China* 2.8 million
. South Africa* 2.7 million
. Uruguay* 1.3 million
. Bolivig* 1.2 million
. Australia 0.9 million
. Philippines* 0.8 million
. Myanmar* 0.3 million
. Spain 0.1 million
. Sudan* 0.1 million
. Mexico™ 0.1 million
In 2016, global area of biotech . Colombia* 0.1 million

crops was 185.1 million hectares, Less than 50,000 hectares

(o) representing an increase of 3% ,
(o) £ 2015 it Vietnam* Bangladesh*
rom , équivalent 1o Honhduras* Costa Rica®

Increase 5.4 million hectares. Chile* Slovakia
from 2015 Portugal Czech Republic

Source: ISAAA, 2016,

Rl o WAL o

r

B 26 countries which have adopted biotech crops

* Developing countries

* Top five countries: 3 Developing countries (Brazil, Argentina, & India)
and 2 Industrial countries (USA & Canada) grew 91% of biotech crops
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Nejvice rozsirené geneticky
modifikované plodiny (1997)

kukurice 44%

rajce 12%

tabak 4%

bavinik 8% " _ cukrova
3 : fepa 1%

fepka
olejka 2% meloun,
dyné 4% brambor 11% jiné 3%

soja 11%
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Nejvice rozsirené geneticky
modifikované plodiny (2001)

Triticum Orgzae  Cucumis melo

aestivumil 43¢ satival 43
Micotiana
tabacumd 132

Beta
vulgaris4.13%

. Gossypium 5
s hirsutum T 055

Lycopersicon
esculentum$. 32

Glycine maz
863

Solanum
tuberosum 12_23%

13 Medicago
satival i1

\ Zea mags3F.Tx

Brassica
napusiZ. §x

B Zea mays

B Brassica napus

O Solanum tuberosum
O Glycine max

B Lycopersicon esculentum
O Gossypium hirsutum
H Beta vulgaris

O Hicotiana tabacum

B Triticum aestivum

B Oryza sativa

O Cucumis melo

O Medicago sativa
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Celkova plocha hlavnich GM plodin
1996-2016 (mil. ha)

MILLION MILLION

ACRES
247

222
198
173
148
124
29
74
49
25

, 2016

HECTARES A=
w o SOja

90
- Bavinik
70
60
50
40
30
20

10 |

s :

91.4 S

MILLION HECTARES

60.6

MILLION HECTARES

22.3

MILLION HECTARES

8.6 §

MILLION HECTARES

1996 2002

2009

2016

 Biotech soybean reached 50% of global biotech crop hectarage




Cile genetickych modifikaci

GM 1. generace

» Rezistence k herbicidiim.

OSTLIN

» Rezistence vuéi virim, bakteriim a hmyzim
skadcum.

GM 2. generace

» ZvySeni nutri€ni hodnoty.

» ZlepSeni chuti, kvality a trvanlivosti potravin.

» Modifikace organizmu pro preziti v extrémnich
podminkach.




Cile genetickych modifikaci

» Modifikace rostlin pro ziskani obnovitelnych a
ekologickych zdroji pro chemickou vyrobu.

ROSTLIN

» ZvysSeni mechanické stability proti Skodam pfi
transportu a skladovani.

GM 3. generace

» Nové typy rostlin




NejCastejsi znaky u geneticky
modifikovanych plodin r. 1997

rezistence k herbicidium 30%

rezistence k houbovym
patogentim 4%

agronomickeé

vlastnosti 4%

kvalita vynosu 21%

rezistence
k virdim 10%

rezistence k hmyzim
Skadcam 24%




Celkova plocha GM plodin podle znaku
1996-2014 (mil. ha)

Global Area of Biotech Crops, 1996 to 2014:
By Trait (Million Hectares, Million Acres)

M Acres
297 120

—O— Herbicide Tolerance
Stacked Traits
= = Insect Resistance (Bt)

247 100

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Source: Clive James, 2014

USA 2010 Kukurice Smartstax 8 genu




Celkova plocha GM plodin podle znaku
1996-2016 (mil. ha)

MILLION ~ MILLION
ACRES HECTARES

297 120
86.5

MILLION HECTARES
100

80
60
40

20
23.1
MILLION HECTARES

| i " |

2002 2016

HEREICIDE STACKED INSECT
TOLERANCE TRAITS RESISTANCE

* Herbicide tolerance at 47% and
« Stacked traits occupied 41% of the global hectarage
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USA 2010 Kukurice Smartstax 8 genut




Podil GM ctyr hlavnich plodin na celkové
produkci r. 2005 . P ;_

140 { O Non-transgenic

E Transgenic
120 -

60% 28% 18% 149%
Soybean Cotton Canola Maize

Source: Clive James, 2005




odil GM ctyr hlavnich plodin na celkové
produkci r. 2016

494 200
445 180
395 160
346 140
296 120
247 100
198 80
148 60
929 40
49 20

78% 64% 33% 24%
SOYBEAN COTTON MAIZE CANOLA

] CONVENTIONAL Bl siorecH
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Rok

Casovy plan tvorby transgenni pSenice

3 4 5

Etapa

v 2 |3 la b 2 13 ja v 205 W 2 |3 2

|
2 |3«

identifikace a klonovani gent

%
i
1
1

{1. cyklus

8|

konstrukt

transformace

T1 (BC1) semena

testovani a vybéry T1

BC2

BC3

81

s2

polni pokus

polni pokus

polni pokus

polni pokus

polni pokus

polni pokus

polni pokus

polni pokus

1. komeréni produkt




Transgeny pro odolnost
k herbicidum

Strategie

ROSTLIN

1. Transgen koduje nadbytek enzymu, ktery je
inaktivovan herbicidem.

. Transgen koduje odliSnou formu enzymu, ktera
neni herbicidem inaktivovana.

. Transgen koduje enzym, ktery rozklada
herbicid.
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Transgeny pro odolnost k herbicidum

Transgen pro odolnost vuéi herbicidu
glyfozatu (Roundup)

» Herbicid blokuje aktivitu enzymu
5-enolpyruvatsikimat-3-fosfosyntazy — EPSPS.

» Transgen koduje podobny enzym EPSPS, ktery
vSak neni glyfozatem blokovan.

» Kukurice, bavlnik, soja, repka olejna, rajce.

» Komercni nazev techto plodin Roundup-ready



Transgeny pro odolnost k herbicidum
Transgeny pro necitlivost k herbicidim typu
fosfinotricinu (znamejsi nazev glufozinat)

» Herbicid blokuje enzym glutaminsyntetazu
zneskodnujici amoniak.

» 2 transgeny (bakterialni pivod rod Streptomyces)
— gen bar (bialaphos resistance)
— gen pat (phosphinothricinacetyltransferase res.)

» Enzymy kdédované temito geny premenuji herbicid
na netoxickou slouceninu — prenasi acetylové
skupiny na AK Alanin fosfinotricinu.

» Repka olejka, kukufice, ryze, psenice, bavinik, rajce,
brambor, cukrova repa

» Komercni nazev plodin Liberty.



Transgeny pro odolnost k herbicidum

Transgen pro rezistenci proti herbicidum typu
sulfonylmocCoviny (napr. sulfuron)

» Inaktivace enzymu acetolaktatsyntazy podilejici se
na syntéze aminokyselin.

ROSTLIN

» Transgen — gen z mutantni linie rostliny Arabidopsis
thaliana.

» Repka olejka, ryZe, len, rajce, cukrova Fepa,
kukurice




Transgeny pro odolnost Kk hmyzim
Skudcum

1. Bacillus thuringiensis

» Tvorba toxickeho proteinu 6-endotoxinu, protein
Cry.

ROSTLIN

» selektivni pro Skudce
Lepidoptera, Diptera,

Coleoptera - Vyzn
pro uroven

insekticidni
» Geny cry aktivity
» Transgeny: ruzné geny
pro o-endotoxiny.




. Domains
Toxin

| | |
CrylRalO—
Crylra T
Cry 1Fbi
CrylJa o
CrylJde ] Cry&ca I ]
CrylJdh [T
CrySha I ]
Cryspal T —T 1
CrylBa IS ] CrylCa N | Crv1E. ]
CrylBemT ] CrylCh I Cryvl1=H I
CrylBd ]
CrylacN ]
CrylAb
Crylhal T 1

Doména I musi z(stat nezménéna
pro zachovani toxicity 5

ROSTLIN

< spore
- Cry protoxin crystal
Cry activated Monomer
- helix c-1 of Cry toxin
aktivace Cry Oligomer

protei nki nézy A Cadherin

O GPI anchored receptors
Aminopeptidase or

Alkaline phosphatase

GENETIK

\. Bunécna smrt proteases




Vlozeni gentli pro chitinazy a inhibitory proteaz

Serine protease inhibitors

Introduction of new _@‘ Deletion of
cleavage sites hElIE-1

ROSTLIN

Introduction of more
binding sites

< Crystal, @ protoxin, ' toxin monomer, . toxin oligomer, %cuﬂherin receplor,
% % GPI anchored receptors, () CR12-MPED, ' CytlAa toxin.
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» kukurice - zavijeC kukuficny
— kukurlce MON81O gen crylAb

ELE L L b ""

94, a8 .
“‘T""m’! ,?h

s bk 11|‘|1

» bavinik




Transgeny pro odolnost k hmyzim
Skidcum
Dalsi typy transgenti

2. Rostlinné geny kdodujici proteiny, kterée
narusi traveni hmyzu

» Inhibitory proteaz, amylaz

» Geny pro chitinazy
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Transgeny pro odolnost k virum

1. Rezistence zprostredkovana genem pro
plast’ovy protein

» tabak = TMV

» brambor —virus X, Y

» dyné —ZYMV, WMV2

» psenice —BYDV

» vojteska — AMV

»ryze — RTSV, RSV, RYMV
» papaja — PRSV

» podzemnice — TSWV
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Transgeny pro odolnost k virum

Rezistence k proteinu pro prenos z bunky
do bunky

Rezistence podminéna antimediatorovymi
transgeny

kédujici s}skvence obracena k()d}l\ljici sekvence
5 r s 1 g 5'“ TS 2 Y
42 Thh sgzznenn dinnuessannnni
i Thc o ova L HEFEITA I A HER S HHT
51 . A | | | i 111 111

A |
5' 3 Aemimiat bl ot ad L T e B S L S

ROSTLIN

9

¢ transkripce * transkripce

3 ; o
Sprotismysing* * sppepysp————" sy frrr T
UAA RNA FTERT oAl BN STTTICAGTTTT]

| |

.

Lprotismysina“ RNA
blokuje mRNA

il
¢ 4

degradace nebo translaéni represe
prostrednictvim umléovaciho komplexu
indukovaného RNA




Zivotni cyklus virové RNA v burice

RNA virus Oddéleni plastove  ansiace Tvorba negativniho
bilkqyiny & RNA Fetézce RNA

L]
(1] .
—> —
5 ¥
l = ()
RdRp

’.Htlﬂp l 5 Tvorba pozitivni-
ho retezce RNA

ROSTLIN

Virova polymeraza ()
. 5! w—
Z virové RNA
(-) =1 {-) -
5-—3r 5_ 3'

Skladani novych 6
virovych castic Tvorba virovych

protelnu @

Pohyb virovych castic
do dalSich bunék plazmo-
dezmaty
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Transgeny pro odolnost k houbovym
a bakteridlnim chorobam

» Geny pro PR proteiny — jeCmen a geny pro chitinazy
z Trichoderma harzianum = odolnost k Rhizoctonia.

» Geny pro rasove specifickou rezistenci brambor —
gen ze S. bulbocastanum. Odolnost k Phytophthora

» rajCe - gen Pto z odolného genotypu+ promotor 35S
= odolnost k Pseudomonas.

» Geny pro antibakterialni proteiny brambor — gen pro
lysozym z bakteriofaza T4.

» geny pro thioniny z jeCmene do tabaku = odolnost k
Pseudomonas syringae.




ROSTLIN

Transgeny navozujici zmeény ve
slozeni zasobnich latek rostlin
Zasobni oleje - repka olejna, soja
Cil:

» potravinaiské vyuziti: Tkys. olejova, vkyselina
erukova a linolenova, y-linolenova

» priimyslové vyuZiti: T kyselina stearovéa a laurovéa

Kyselina Pocet uhlikd : pocet dvojnych vazeb

laurova

palmitova

stearova

olejova

linolova

linolenova

eikosenova

erukova




Potravinarstvi
» 22:1 — 18:1 antisens konstrukt pro thioesterazu

» 18:0 — 18:1 delta® desaturaza
— Fepka az 90 % kys. olejové (z 60 %)
— sOjaaz 79 % (z 22 %)
Pramysl
» 18:1 — 18:0 antisens konstrukt pro delta® stearat
desaturazu = 18:1 pouze 1-2 %, 18:0 40 %
(margariny)
» 18:0,18:1 — 12:0 Lauroyl thioesteraza
— mydla, detergenty, cukrarske tuky
Farmaceuticky produkt
» a-linolenova 18:3 8°1215 — vy-linolenova 18:3
566912 desaturaza
PUFA vicenenasycené mastné kyseliny
— w3 mastné kyseliny v mofskych rybach vs. w3 v
rostlinnych olejich




PUFA (polyunsaturated fatty acids)

» EPA Kyselina eikosapentoenova 20:5n3
» DHA Kyselina dokosahexaenova 22:6n3

» DHA a EPAnezbytné pro lidsky metabolismus, pozitivni
efekt na kardiovaskularni, nervova a autoimunitni
onemocneni
— v morskych rybach
— syntéza v GM plodinach, enzymy n3-desaturazy a elongazy
— Cil: 18 % EPA a 12 % DHA (jako rybi tuk)

» Soja 10 % az 20 % EPA, 3 % DHA
» Repka olejna 15 % EPA
®» Len, ryze

Geny ze sinic (desaturazy), fas, z Phytophthora infestans,
morske houby, promotor se specifickou aktivitou v
semenech




» Zasobni proteiny semen

— optimalizace spektra aminokyselin u obilovin a
luskovin, obohaceni methioninem

— zein z kukufice (28 % methioninu)

— glycinin ze soje

— prolamin z ryze (20 % methioninu)

— albumin ze slunecCnice (16 % met.+ 8 % cystein)

ROSTLIN

» kukurice, sdja, repka




Zmeny ve slozeni skrobu brambor

» Skrob (polymer glukdzy) se snizenym obsahem
amylozy (bez amylozy)
— gen pro enzym GBSS (granule-bound starch
synthase), syntéza v amyloplastech
— Firma BASF - brambory Amflora 98 % amylopektinu

— Papirensky prumysl

» Skrob se zvysenym obsahem amylozy
— enzymy SBE (starch branching enzyme) zajistuji
vétveni linearnich fetézcu amylozy za vzniku
amylopektinu

Biodegradovatelné plasty

Bioreaktory pro produkci specialnich proteinu
Protein pavoucich vlaken — synteticky gen SO1 (gen MaSpl z
pavouka Nephila claviceps a sekvence odpovidajici lidskemu

genu pro elastin.
Lékarstvi — chirurgie, povrchy implantatd pro potlaéeni imunitni reakce,
povrchy pro péstovani umélych organd, pro rust chondrocytu.
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ransgeny u rajcat s prodlouzenym
dozravanim

» Transgen flavr savr - antimediatorova RNA blokuje
tvorbu enzymu polygalakturonidazy.

Podili se na posledni fazi zrani plodu, zpusobuje
rozklad pektinu ve stfednich lamelach bunécnych
sten.

» Transgen zamezujici expresi 1 genu biosyntézy
etylénu — antimediatorovy konstrukt

Etylen vyZaduje specifické receptory pro prenos signalu. Gen
Etr-1 kdduje mutovany receptor, necitlivost k etylénu u
Arabidopsis, zpozdéné zrani plodu u rajcete a petunie.




Modifikace barvy kvetu

» Okrasné druhy

— transgeny pro nové cesty biosyntézy flavonoidu a
antokyanu

» Karafiat
— geny z Viola sp. a petunie
— Petunia x hybrida

— zmeéna bilého zbarveni
na fialové - delfinidin

Moonaqua




Transgeny pro pylovou sterilitu

System Barnaza — Barstar

ROSTLIN

» Barnaza
— extracelularni RNaza z Bacillus amyloliquefaciens
— + promotor specificky pro tapetum

» Barstar — inhibitor Barnazy (protein)
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Noveé typy plodin

» Ryze — obohacena o beta-karoten, provitamin A

ROSTLIN

aph IV 355p 355 %

B

— psy — phytoen syntaza (narcis), promotor pro gluteliny
ryze Gtl p

— ctrl — karoten desaturaza (Erwinia), promotor 35S

— lcy — lykopen beta-cyklaza
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» Repka olejna
— zvySeny obsah vitaminu E
— geny VTES3, VTE4 (enzymy metyl transferazy) A.
thaliana

» Kavovnik
— bezkofeinove boby

— gen CaMXMT1 (theobromin sytaza) z Coffea
canephora

» Ryze
— zvySeny obsah zeleza

» Papdja
— pfizpusobeni pudam s vysSim obsahem hliniku
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Odolnost vuéi stresovym faktorim

1. Odstranéni oxidativniho stresu
— odstranéni kyslikovych radikalu
— antioxidanty — superoxiddismutaza (SOD)
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2. Navozeni odolnosti vuéi dehydrataci
— zmény ve sloZeni lipidu cytoplazmatické membrany,
— zmény ve spektru mastnych kyselin, geny pro
desaturazy




Odolnost vuéi stresovym faktorim

3. Osmoprotektanta

— fruktany, gen SacB (Bacillus subtilis) pro enzym
levansukrazu

— transport do vakuol - cpy

— Gen badh (rostlinné, E. coli) — enzym betain aldehyd
dehydrogenaza — akumulace glycin betainu z
betainaldehydu
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Odolnost vuéi stresovym faktorim

4. Geny pro transkrip¢ni faktory

DRE element

Cold-induced/drought-responsive gene

7

DNA-binding
domain

ROSTLIN

CBF 1 protein

Heat-shock .
element (HSE) Heat-shock gene coding region

DNA-binding
domain
Trimerisation domains
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5. Regulace cytokininu
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ROSTLIN
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Tvorba protilatek,

rostlinné vakciny
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Tvorba protilatek, rostlinné vakciny
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ROSTLIN

Vyuziti
Produkty ve fazi klinickych testu
Produkt Rostlina
Lidsky somatotropin lécba trpasli¢iho vzrastu u déti tabak
Turnerova syndromu
Albumin lidského séra Nahrada krve pfi traumatickych stavech
Dow AgroSciences
Lidsky interferon a 2b Funkce jako |éCivo pfi virovych infekcich,
leukemii i proti nadordm okiehek
Biolex Therapeutics Inc
Pankreaticka lipaza  cysticka fibréza doplnék stravy kukufice
Meristem Therapeutics
Protilatka proti zubnimu kazu Planet Biotechnology Inc.
(CaroX™) schvaleno pro EU, jesté neni na trhu

Vakcina psich parvovirti Large Scale Biology Corp.



ROSTLIN

=
=
T
T

Komercni produkty na trhu

Produkt Rostlina
Avidin Prodigene kukurice
B-glukuronidaza  Prodigene kukurice
Trypsin Prodigene kKukurice
Lidsky laktoferin Meristem Therapeutics

kukurice, ryze
Lidsky lysozym Ventria Bioscience ryze
Lipaza Meristem Therapeitics kukurice

a-amylaza Syngenta kukurice, tabak



Nutraceutika

» geneticky upravene potraviny, které maji priznivy
vliv na zdravi lidi nebo slouzi jako ochrana pred
nemocemi

» rostlinné produkty, s pomoci kterych se vytvori
vakciny ¢i jiné latky k IéCbé& nemoci

» GM ryze, ktera nahrazuje oCkovani proti cholefe
» GM banany produkujici vakcinu proti hepatitidé typu B

» GM tabak produkujici vakcinu proti lidskému papilomaviru a
rakoviné délozniho Cipku

» GM salat — produkce inzulinu, kapsle z celulézy rostl. pavodu,
pomaly rozklad v travicim traktu pusobenim mikroflory,
uvolnovani inzulinu do krve
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Dalsi typy GMO

» Produkce farmakologicky vyuzitelnych proteint —
hirudin

» Produkce biodegradovatelnych polyesteru —
polyhydroxybutyrat (PHB)

» Fytazy - enzymy degradujici kyselinu fytovou,
vyuziti fosforu rostlinami

» Fytoremediace - transgeny pro metalothioneiny
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Financni uspory pri komercnim vyuziti
GMO

» Rezistence k virum aj. Skudcum:
— { aplikace insekticid(l a pesticidil - Gspora 443 mil. kg
— Snizeni CO, 0 19 miliard kg (2010)
— VvySSi vynosy o0 7-9%
= bpavinik 750 tis. ha 60 mil. $/rok
= kukufice 2,8 mil. ha 190 mil. $/rok

ROSTLIN

» Rezistence k herbicidim:
— niZSi aplikace herbicidd az o0 40%
— VySSi vynosy
— Setfi zivotni prostredi
— uspora 91 mil. ha pozemkd




Bezpecnost transgennich rostlin

» Geny pro rezistenci k antibiotikiim

ROSTLIN

» Geny pro toxiny, herbicidy

» Geny kodujici alergenni proteiny
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OSTLIN

Legislativni zabezpecCeni manipulace s
geneticky modifikovanymi organizmy

» 1989 Ceska komise transgenoze rostlin
— Ceska komise pro nakladani s GMO

» 1996 Zakon ¢. 92 O odrudach, osivu a sadbé
pestovanych rostlin

» Zakony CR
— 2000 - Sbh. z. €. 153/2000

— Zakon o nakladani s GMO a produkty
— 2004 Sb.z.€. 78/2004

— http://www.mvcr.cz

— Novela zakona 1. ledna 2017 ¢j. 78/2004 Sb. a
vyhlasky C. 209/2004 Sb.



http://www.mvcr.cz/
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Vyukovou pomucku zpracovalo
Servisni stredisko pro e-learning na MU

http://is.muni.cz/stech/

CZ.1.07/2.2.00/28.0041
Centrum interaktivnich a multimedialnich studijnich opor pro inovaci vyuky a efektivni ugeni
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