GM ROSTLINY v PRAXI
HT a IR rostliny

Zdenék OPATRNY

Katedra experimentdlni biologie rostlin
Prirodovédecka fakulta UK Praha

BAGIR
listopad 2016

Prednaska MB130P191 BAGIR http:/kfrserver.natur.cuni.cz/fr 2016 Katedra experimentalni biologie rostlin, UK PrF, prof. Opatrny



Hlavni komercné vyuzitelné GM plodiny souasnosti :

- herbicid - tolerantni (HT)
- insect - resistentni (IR) .. od baviny po biopaliva

Omezena komerce

- patogen resistentni (virus resistentni papaje,
brambor resistentni k fuzarioze)

- abiostres tolerantni plodiny (sucho-slano ,vzdorné™)

- plodiny v molekularnim farmarstvi (léciva,diagnostika)

- okrasné byliny/dreviny

- fytoremediatory

Cerni Pet¥i
- biofortifikované plodiny (zlata a Zelezna ryze)
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viz trochu statistiky

‘XS
R &

International Service for the Acquisition
of Agri-biotech Applications (ISAAA)

http://www.isaaa.org
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obal Area (Million HecTtares) ot BlotTec

Biotech Mega Countries

50,000 hectares (125,000 acres), or more

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
Philjppines™ 0.8
Australia 0.5
Burkina Faso* 0.5
15.  Myanmar* 0.3
16. Mexico* 0.2
17. Spain 0.1
18. Colombia* 0.1

*
In 2014, global area of biotech 19.  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

\
. %k
o

87% 11% Asia

Americas
W
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28 countries which have adopted
Increase over 2013 biotech crops
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Udaje kaZdoroéniho prehledu ISAAA - za rok 2014

#1
USA*
73.1 Million Has.
Maize, Soybean,
Cotton, Canola,
Sugar beet, Alfalfa
Papaya, Squash

#23
Cuba

<0.05 Milllon Has.

Maize

#16
Mexico*
| 0.2 Million Has.

Cotton, Soybean

#20
Honduras

<0.05 Million Has.

Maize

#27
Costa Rica

<0.05 Million Has.

Biotech Crop Countries and Mega-Countries*, 2014

#5

Canada*
11.6 Million Has.

Canola, Maize,
Soybean, Sugar beet

Czech Republic

<0.05 Million Has. 0.1 Million Has. <0.05 Million Has.

#26
Slovakia

<0.05 Million Has.

Maize

#25
Romania
<0.05 Million Has.

Maize

#6
China*

| 3.9 Million Has.

Cotton, Papaya,
Poplar, Tomato,
Sweet Pepper

#4

| India*
| 11.6 Million Has.
Cotton

#28
Bangladesh
<0.05 Million Has.

Brinjal/Eggplant

#15
Myanmar*
0.3 Million Has.
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Udaje kaZdoroéniho prehledu ISAAA - za rok 2014

#27
Costa Rica

<0.05 Million Has. ———o__ _

Cotton, Soybean

#18
Colombia*
0.1 Million Has.

Cotton, Malze

#11
Bolivia*

[ 1.0 Million Has.
S‘)‘y’k)i‘d'}

#21
Chile
<0.05 Million Has.

Malze, ::"t"fb'?.iﬂ, Canola

+ #15
Myanmar*

; N 0.3 Million Has.
\ Cotton

#12
Philippines*
0.8 Million Has.

LMa'..'e

| #13
‘( Australia*
0.5 Million Has.

| Cotton, Canola

| #8
| Pakistan*
2.9 Million Has.

Cotton

3 #7

-
|

B
| Argentina* Paroguay*
‘ 24.3 Million Has. 3.9 Million Has.
| Soybean, Maize, Cotton Soybean, Malze, Cotton

South Africa*
2.7 Million Has.

Maize, Soybean, Cotton

1.6 Million Has.

Soybean, Maize

42.2 Million Has,
Soybean, Maize, Cotton

| #14 #19
Burkina Faso* Sudan*
0.5 Milllon Has. 0.1 Million Has.

Cotton | | Cotton

1 *19 biotech mega-countries growing 50,000 hectares, or more, of biotech crops.

Source: Clive James, 2014.

Figure 1.

Global Map of Biotech Crop Countries and Mega-Countries in 2014
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Global Area of Biotech Crops, 1996 to 2014: (QO'/,
By Trait (Million Hectares, Million Acres) .?A',ﬂ
M Acres

297 120

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

masivné vede HT soja

<,

198 80

148 60

99 40

49 20

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

Source: Clive James, 2014
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Global Area of Biotech Crops, 1996 to 2014: ,—-:gf;_@
Industrial and Developing Countries (M Has, M Acres) }?gﬂ

M Acres
494 200
445 180 s Total
295 160 S Induslrlall
== Developing
346 140
296 120
247 100
198 80
148 e0
99 40
49 20 rozvojové zeTé Jiz )
' vedou nad prumyslovymi
0 0

1996 1997 1998 19499 2000 2001 2002 2003 2004 2003 2006 2007 2008 2008 2040 2041 2012 20431 2044
Source: Chive James, 2014
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Global Area of Biotech Crops, 1996 to 2014: @\%

By Crop (Million Hectares, Million Acres) rehaa
M Acres

247 100

222 90 —— Soybean ;r:)qsivpé vecii H-T. Toler'émce

G jové moucky - i pro Evropu

173 70

148 60

124 50

99 40

74 30

49 20

25 10

0 0 S

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

Source: Clive James, 2014
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)

Global Adoption Rates (%) for Principal @\%
Biotech Crops (Million Hectares, Million Acres), 2014 ...

M Acres

494 200

445 180 U Conventional
395 160 B Biotech

346 140
296 120 111

247 100
198 g0
140 ¢0
99 40
49 20
0 o

82% 68% 30% 25%

Soybean Cotton Maize Canola

Source: Clive James, 2014
Hectarage based on FAO Preliminary Data for 2012.
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Souhrnna tabulka stresort

mechanické Udinky vétru
— FYZIKALNI~ nadméé zafeni (UV, viditelné)
extrémni teploty (horko, chlad, mréaz)

ABIOTICKE FAKTORY - . nedostatek vody (sucho)
nedostatek kysliku (hypoxie, anoxie)

— nedostatek Zivin v pudé
——— CHEMICKEY nadbytek iontli soli a vodiku v piidé
toxické kovy a organické latky v pidé
toxické plyny ve vzduchu

herbivorni Zivolichové (spéséni, poranéni)

BIOTICKE FAKTORY — patogenni mikroorganizmy (viry, mikrobi, houby)
vzéjemné ovliviovéni (alelopatie, parazitizmus)

Pfehled nejdaleZitgjdich siresovych faktord, se kterymi se rostliny setkdvajf v pfirode.

GM techniky alternativou klasického Slechténi
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ABIOTICKY STRES
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PLODINY

SUCHOVZDORNE"

Kudy k nim ???
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Prenosy genu kodujicich/regulujicich :

- tvorbu ¢i funkci antioxidanty

- tvorbu ¢&i funkci osmoprotektantu

- ERD (early responses to dehydratation)
- integritu bunécnych membran

- iontovou homeostazi

- vazebné proteiny vapniku

bezprostredni navaznost na problematiku
,slanuvzdornosti”
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Suchovzdornd odruda kukurice Optimum AQUAmax

kontrola hybrid klasicky hybrid

| zvySeni produkce
za sucha

proti kontrole o 5%

mechanismus ?

. “' . .
- f‘ “
',

SV Y~ AxM DuPont - Pioneer Hi Bred
Naaae . 2011

Colorado, Kansas, Nebrasca, Texas
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Svétova biotechnologicka trojka
Monsanto, Du Pont-Pioneer, Syngenta

Technologie zalozena na prenosech bakteridlnich
CHAPERONU (zejm. typu ,cold shock proteinu -CSPs)

Modely: Arabidopsis, ryze
Plodiny : kukurice, bavinik

Péstovani :

Zzejména stredozapad USA -
sezonni sucha

Kansas, Nebrasca
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Editor’s Choice Series on the Next Generation of Biotech Crops

Bacterial RNA Chaperones Confer Abiotic Stress
Tolerance in Plants and Improved Grain Yield in MONSANTO
Maize under Water-Limited Conditions

(W]

Paolo Castiglioni‘, Dave Warner, Robert J. Bensen, Don C. Anstrom, Jay Harrison, Martin Stoecker,
Mark Abad, Ganesh Kumar®, Sara Salvador, Robert D'Ordine, Santiago Navarro, Stephanie Back,
Mary Fernandes, Jayaprakash Targolli, Santanu Dasgupta®, Christopher Bonin,

Michael H. Luethy, and Jacqueline E. Heard”

Monsanto Company, Mystic Research, Mystic, Connecticut (6355 (P.C., D.W,, R[.B.,, D CAHCB:
M.H.L,, J.LEH.); Monsanto Company, Chesterfield, Missouri 63017 (J.H., M.S., M.A., R.D., S.N.,

S.B., M.E); Monsanto Company, Malleswaram, Bangalore, 560003 India (G.K., ].T., S.D.); and
Monsanto Company, Cambridge, Massachusetts 02139 (S.5.)

Plant Physiology, June 2008, Vol. 147, pp. 446-455, www.pia
Drought-Tolerant Corn Efforts Show
Positive Early Results

>

\~‘ SN 05
-
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MONSANTO
2012

cspB RNA chaperon protein
z Bacillus subtilis

http:/ www.youfube.com/ watch?feature

=Dler' embedded&v=LZvJ1vJ Hie ;«i t



http://www.youtube.com/watch?feature
http://www.youtube.com/watch?feature
http://www.youtube.com/watch?feature
http://www.youtube.com/watch?feature
http://www.youtube.com/watch?feature

Polni pokusy firmy SYNGENTA na Western Kentucky University

Sezonni sucho tésné pred kvetenim vyrazné sniZuje nasadu
zrn v klasu . GM varieta (vpravo) tento stres toleruje.
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Genetically Modified Plants To Resist Intense Drought

Divka s kukurici, pokusy s GM tabdkem, cil ,suchovzdorna™ bavina
tolerujici stridavé zavlazovani brakickou vodou (1/3 soli vody morske),
ale také odolnd rajcata, Cirok, ryze

AR Sl AR /J . ‘”;
Israeli agro-biotechnology company, Rosetta Green, has developed a new
technology to develop plants that are better able to withstand prolonged periods
of severe drought.
The company, based in Rehovot, Israel, experimented on tobacco plants that
were irrigated with seawater instead of freshwater. The genetically modified
plants created by the company were able to grow under seawater irrigation, as

opposed to the control group of plants.
GM technologie zaloZené na prenosech
gent kodujicich rdzné micro-RNA
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BIOTICKY STRES
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PLODINY

HERBICID TOLERANTNI
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Bioticky stres

je vyvolan interakci rostliny s jinymi organizmy
nebo jejich produkty

* jina rostlina : allelopatie, parazitismus

* patogenni /paraziticky (mikro)organizmus
- viry
- bakterie

- houby

* herbivorni zivocich
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Rostlina rostline VLKEM

allelopatie ... prirodni realita nebo jen laboratorni fikce ?

vliv jedné rostliny na druhou v prirodnich podminkach,
ktery je vyvolany chemickymi latkami - allelopatiky,
vzdjemné ovlivnéni mize byt i priznivé, stimulaéni

parazitismus .. kokotice, zdraza,striga

ruzné vyrazna hostitelska specifita, schopnost ,vyéenichat obét’,"

haustoria prorustaji do cévnich svazku, ztrata vlastniho korene
parazita.

Rizika systémového Sirfeni virt: oslabeni hostitele proti jinym
stresordm.

Kalamitni druhy, nutnost karantény - jizni Evropa, tropy. Co do
toho vnesou globalni klimatické zmény ?

saprofytizmus ... primdrni & druhotny
prosta konkurence ... potrava, voda, svétlo
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_ _COOH . H_  _COOH

Fenolické latky Se=c] c=cZ
v ° H H
v obrané rostlin HOQ/ HOQ

|
OH OCH,

Caffeic acid Ferulic acid

kyseliny kavova a ferulova
inhibice rustu sousednich rostlin

Simple phenylpropanoids [~ cz]

_~Furan ring

-

N IS
/ y
psoralfan ) ) Homo o,\/'\o,%o
po ozareni toxicky o Bl

pr‘O her'bivor‘y -fO"'OTOX iCi‘ra a simple coumarin a furanocoumarin

Coumarins [ c,]

salicylova kyselina

systemicka resistence
Vanillin Sallcylic acid

Benzoic acid derivatives [@_ C*]
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Parazitické rostliny v tropickém a subtropickém farmarstvi
moznd brzy problém i u nds

o= . - Biotechnology
Afrita Brs : for

Small Scale Farmers

For more information
contact AfricaBio:
Tel: (012) 667 2689




Slechténi kulturnich rostlin na

resistenci vuci parazitickym rostlinam

prozatim jen ,klasické®”, bez vyuziti transgennich
technik.
napr. herbicid pridavdn k osivu hybridni kukurice

Princip:
rozdilna citlivost vuéi selektivnim &i totdlnim herbicidum
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Ua Kayongo Hybrid Maize:

The Striga Killer is now available to Kenyan maize producers!
StrigawayTM is based upon inherited resistance to

a systemic herbicide (Imazapyr).

When Imazapyr-resistant (I-R) maize seed is coated
with the herbicide, striga attempting to parasitize the
resulting plants are destroyed!

For the first time, farmers can actively suppress and
reduce striga seed banks in soil by protecting maize with

a “chemical barrier” to striga infection.

Ua Kayongo hybrid maize has been treated with
StrigawayTM (Imazapyr) herbicide, Lindane insecticide and
Thiram fungicide and is intended

for planting in fields infested with Striga.

Ua Kayongo is planted and managed in the same way

you normally cultivate your maize in terms of spacing

and early weed management but

special care must be taken

not to damage intercrops planted with maize by

avoiding contact with StrigawayTM. Ua Kayongo is a modern
herbicide technology and NOT a GMO.
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HERBICIDY

pouzivany od tricatych let minulého stoleti

selektivni
Sirokospektralni
aplikace béhem péstovani plodin

) -
'|'O'|'Cl|m (padesdtd Iéta) ,short lifespan®

aplikace pred setim plodiny

GM technologie umoznuji pouziti i béhem celé péstebni doby
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HERBICIDY

hubi ,cilové™ rostliny inhibici/desorganizaci
procesu:

- syntézy aminokyselin/bilkovin

chlorsufuron slouceniny, Roundup,Basta

- tvorby/transportu/funkce rustovych latek
retardanty, defolianty (2,4-D:2,3,5-T)

- fotosyntézy

atrazin, simazin,bromoxynil.....fotosystem IT
fenmedian ....Hillova reakce

ruzné typy metabolismu u riznych druhu
uzké listy obilovin x Siroké plevelt
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Shodna aktivni latka, rdzné komeréni nazvy

Table 2.1. Overview of herbicides in use

— e . ————

Herbicide families Examples

. o — —

Amino acid synthesis inhibitors Roundup, Rodeo, Harmony Extra
Ammonia assimilation inhibitors Basta, Liberty

Cell membrane disrupters Gramaxon, Diquat, Cobra

Growth regulators Banviel, 2,4-D, MCPA, Stinger
Imhibitors of plant pigment synthesis Zaorial, Balance, Callisto, Command
Lipid synthesis inhibitors Assure [1, Acclaim Extra, Fusillade
Photosynthesis inlabitors Velpar, Basagran, Buclril, Aatrex
Seedling growth inhibitors Ireflan, Prowl, Sonalan, Barricade
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PrubéZny vznik resistentnich subpopulaci plevelt
je trvalym fenoménem klasického zemeédélstvi

Herbicid Tolerant GM plodiny
nejsou vyjimkou z tohoto pravidia,

ALE

riziko je sniZeno vyuZitim TOTALNICH herbicidi
s origindlni pripravou v dcinné ddvce
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Herbicid -tolerantni plodiny

uz v roce 2001
tedy 15 let péstovani

rozsah ploch mnohondsobné narostl
NEJSOU V EVROPE

MILOS ONDREJ
JAROSLAV DROBNIK

Trans’
oenoze
rostlin
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Tab. 22 Transgenns odsddy

2) Rezistontmi % hesbecidiom - odriady povolené v Kanad®

Talecance k herbicidim

Instituce — firma

elyfoxse

Monsanto

glufozinit

*AgrEvo

glufozingt

Hoechst-AgrEvo

Libexty Link

glyforit

Monsanto

Roundup Reudy

bromoxynil

Rhéne-Poulenc Ag Co.

glufozindt a pylovd
sterilics

Bejo Zaden

Seed Link

rezistence
k sulfonyimodoving

Univerzita
v Sxkatchewanu

glyfozdt

Monsanta

glyforsdta Be-toxin

Monsanto

gluforing

Monsanto/DeKalb

gluforndt

Hoechst/AgrEvo

glufozin®fpyl. sicrilita

Hocchs/AgrEvo/PGS

glyfozdr

MonsanioyDeKalh

bromoxynil

Monsanio/Calgenef
Rhone Poulenc

sulfoaylmotovina

DuPom

bromoxynil 2 Bi-toxin

Maonsanto/Calgenc/
Rhonc Poulene

slyfozst

Monsanto

gloformdi

glyforia

Monsanto

‘sluforindl

Hoechs/AgrEvo

b) Rezistenind k herbicadim — odridy povolené v Evropd

bromaxynil

l Scita

p 2

glyforst

Plant Genetic Sysierns

Monsanto

glufozindtfpylovs sterilita

Bejo Zaden BY

plufozindt/Bitoxm

Ciba Gegy




o
I
HO—P—CH—NH~ CH, —COOH —CH,-—CH,—(I:H —COOH

NHa

o L-fosfinotncin

OCH,

I
$O;~CH,—NH—C— NH—< N 8r

: OH
chlorsulfuron bromoxynil

Obr. 15 Vzoree hlavaich herbicidd, k mmz ze do rosthinného genomu vnést toleranci transgenozi.

Ondrej a Drobnik 2001
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Vlajkova lod’

tolerance ke GLYFOSATU

Roundup-Ready plodiny

1985 - prvni GFT tabdk
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Princip tolerance:

Postemergentni ,totdlni" herbicid
glyfozat (N - fosfometylglycin) inhibuje biosyntéezu
Sikimatu a tim tvorbu aromatickych aminokyselin.

Cilovy enzym:
5-enolpyruvylsikimat-3-fosfat syntdza .. EPSP

Strategie tolerance:

* vyrazné zvySend produkce vlastniho EPSP

* schopnost degradace glyfozatu

* tvorba modifikovaného, glyfozat - necitlivého EPSP

. C je spravné” .. mutantni EPSP geny bakterialniho
puvodu exprimovany v HT plodinach
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Herbicid -tolerantni plodiny

tolerance ke GLUFOSINATU

(fosfinotricinu)

Liberty -Link plodiny
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Princip tolerance:

Postemergentni ,totdlni" herbicid

glufosinat ((4-/hydroxy -(metylfosfinoyl)-D,L-homoalanin))
komercni nazvy

Liberty,Basta,Finale, Radicale ..

inhibuje glutaminsyntdzu, ktera detoxifikuje amoniak

za vzniku glutamatu. Dusledkem je hromadéni amoniaku v
pletivech rostliny, intoxikace, rozpad plastidi, blokdda
fotosyntézy.

Strategie tolerance:
schopnost degradace glyfozatu - bakterialni geny pro

Phosphinotricin- N -acetyltransferdzu .. paf,
resp. bar (Basta-resistant)
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Herbicid -tolerantni plodiny

tolerance k CHLORSULFURONU

ALS plodiny

(Glean et al.)
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Princip tolerance:

Sirokospektralni herbicidy -

sulfunylovana analoga mocoviny, blokujici cinnost
acetolaktatsyntazy, vstupniho enzymu metabolicke
drahy esencidlnich rozvétvenych kyselin valinu, leucinu
a izoleucinu.

ALS maji jen bakterie, houby a rostliny.
Chlorsulfuronové herbicidy jou tedy pro zivocichy
netoxickeé.

Strategie tolerance:

mutace genu pro ALS v mistech vazby herbicidu
Lze je vSak ziskat i klasickou mutagenezi u dané
plodiny.

Vyuziti ALS pro GMO tedy dosud minoritni.
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ROUNDUP -Ready
LIBERTY - Link plodiny

- { 3 Paul Pechgn a tv dalsi
i’ » Gert E. de Vries Y
] x
G I ;: D l I ;: S Table 2.2. Herbicide tolerances in GM crops
1% » Active ingredient of herbicide Transgenic plant
i on the Menu
% Chlorsulfuren Sugar beet, sunflower
:t p N Nachied [soxazole Maize, oilseed rape, sovbean
B Knowledge-Based &4zl Cotton, oilseed rape
7, el Sullonylurca Sugar beet
e Sulfonamide Oilseed rape
s Table 2.1. Overview of herbicides in use
L a8 Ilc.rbnudc famﬂ:cs Examples
@ Springer R Y
: 3-" > 2 Amino acid synthesis inhibitors Roundup, Rodeo, Harmony Extra
R & Ammonia assimilation inhibitors Basta, Liberty

Cell membrane disrupters Gramoxon, Diquat, Cobra

Growth regulators Banviel, 2,4-D, MCPA, Stinger
Inhibitors of plant pigment synthesis Zaorial, Balance, Calliste, Command
Lipid synthesis inhibitors Assure [, Acclaim Extra, Fusillade
Photosynthesis inhabitors Velpar, Basagran, Buclril, Aatrex
Seedling growth inhibitors Ireflan, Prowl, Sonalan, Barricade
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REALITA

EVROPSKE
SOUCASNOSTI

duvody oficialni i skuteéné ?

odklad na tri ??? léta
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PLODINY

INSEKT RESISTENTNI
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HERBIVOR x rostlina

ztrata biomasy, metabolitu, funkénich organu,
vyznamné zmeny metabolismu

l

oslabeni organizmu a obrany vuéi dalSim patogenum
poraneni - ,vstupni brana infekce"
.aktivni vektory” zejména viroz : msice, had'atka
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Prirozena ochrana rostliny proti

hmyzim herbivortum
priklad brambor:

Glykoalkaloidy ... alfa chaconin + alfa solanin tvori az 95%
hlavné osvetlené casti, horka chut’, nevolnost az smrt

* fatal oral dose™ pro dospélého clovéka 420 mg
* povoleny limit v konzumnich hlizach 20mg/100 mg ¢.v.

* leptiny” v listech Solanum chacoenze ... acetylovane,
jen v listech

Zlaznaté trichomy ... proti drobnému hmyzu
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INHIBITORY PROTEAZ / PROTEINAZ ?

Herbivores Pathogens

(wounding)
Systemic Localized l

signals ¢ signals
- Systemin . Oligouronides

v, e
Receptor Plasma membrane Receptor
1 S2T- TAEI A ||

A
[

I Lipase ]‘

Linolenic acid

LOX
dehydrase
B-oxidation

v

Jasmonic acid
(methyl jasmonate)

g
JA receptor — > ¢ %
Gene activation

Proteinase inhibitors

Model for the signaling pathway leading to the induction

of proteinase inhibitor genes
PK, protein kinase; LOX, lipoxygenase; JA, jasmonic acid. Redrawn with permission
from Farmer and Ryan (1992).
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GLUKOSINOLATY: jedy a odpuzovaée

* ochranné produkty rostlin
* rostlinna ,imunostimulancia™ pro clovéka

S-B-D-glu /SH R—N=(=$

/

R-—C\ R'*-C\\ R—N==(C

NOSO;" NOSO; R— S—C=N

meziprodukt — ring toxické litky

lukosinolat N T s
8 uvoltiujici 804~ izothiokyanét, nitril, thiokyanat

Glukosinoldty jsou glukosidy obsahujici siru. Pfi poranéni jsou hydrolyzovény na nestélé meziprodukty
a ddle se méni na latky uvoliiujici SO,2- a HCN.

Prednaska MB130P191 BAGIR http:/kfrserver.natur.cuni.cz/fr 2016 Katedra experimentalni biologie rostlin, UK PrF, prof. Opatrny



Ochrannd role proteinazovych inhibitord a fytoalexind

systemic | ‘systemic” R
cell peptides - systemac_cen
e ¥ il ; TOUCH
hydraulic? electric?
\ /
qnoskelatal ﬂ

lipase e!emems

l (PLAY) ER or
TCH Caz‘ vacuole
4 MAPK Calmodulin

Kmases kmases 2 R e

thigmo-

OPDA e st morpho-

genesis

1280

synthesis of auxin ethylene
Calmodulin <— Ca?* —- | proteinase inhibitors
ﬁ and phytoalexins

.y

A synopsis of local and systemic reactions involved in wound and touch sensing of plant cells.

JA >

poznatky vyuzitelné v pripravé transgennich IR plodin
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kyselina jasmonova

kasben medikarpin

Fytoalexiny - kasben (diterpen; skolec - Ricinus communis) a medikarpin (izoflavonoid; vojtétka - Medicago sativa).
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Sofistikovana ochrana:

© Prilakani vosy,

léké"i ParGZiTiCk?Ch ktera naklade
’ - | ...~ dohousenek
pr'eda1'or'u I Vaitka

. © Syntézaauvolho- |
vani aromatickych ’

alternativy pro fa7 w0
.biozemédélce" S Yo

tky obsazené
e slinach housenky

ale také jedna
z GM strategii:

falesné feromony

viz T. Macek List obili jako reakci na napadeni
herbivorni housenkou pfitahuje parazitickou vosu
aromatickou latkou
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Insekticidy ,primyslové"

40 - 50 léta ....masivni aplikace zejména DDT

prioritni nebyla a neni ochrana rostlin, ale prima
ochrana cloveka - jemu DDT v insekt-udcinnych davkach
neskodi

malarie, spava nemoc ... problém trva dodnes,

mistné povolena interni aplikace, nacerno externi

(“Silent Spring’ Is Now Noisy Summer

Pesticides Industry G Rache! Carson Stirs
Up in Arms Over e Conflict—Producers
Are Crying "Foul'

e«&&p—t

™ . = """" @
=
) ’
e . Gera. Biertimgs ve: Data Ratt P l’l\
bries i 4 .Jw-"ﬁum e SII II:
e S ’ 3 ' Heviins
..' ; \.3>“— ' : ' ’ SPMNE;

achel
arson
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zemédélstvi,
agroenvironmentalni

aspekty
a péstovani rostlin

o

MZP Praha 2003

BIO INSEKTICIDY

Graf prabéhu letu
zavijece
kukuriéného

a terminy aplikace
Trichogrammy
(zdroj: Biocont)

PrF, prof. Opatrny



Trichocap = T evarescens, Tricho - strip
- 1. broasicae),

POl
&

« kukutice (osivo, o, sildd, cukrova Ku-
kutice) = zavijed kukufidny, Sermopdska
baviaikova,
~ zebi, kvErsk a ostami brukvovies,

miira 2¢lnd (v CR v ovifovini),
~ paprika - zavijed kukubingy,
Lernopéska bavialkovi (v CR v ovifovini)

rajtota — Sermopdska bavinikov
(v CR v ovdrovini)
skleniky ~ motyli (méra zclnd a dalli druhy
rodii Mamestra a Lacanobia), domopiska
baviaikovi. pHipadnd dalki druby mér
(v CR v ovéfovan)
skiady - zavijoli, prip. dalsf skupiny kod-
livieh motéld (v CR v ovifovand).

Naslodujici bioagens ¢ pouZivaji plede-
iz a8 z¢lenind a kvétmich, ve sklemicich
3V imteriérech:

® Aphidins colemani - paraciloid miic
(mimo kyjatek),
Aphridiss ervi ~ parsziiond kyjasek (midice),
Aphidoletex aphidimyza - preditor miic
preferajici nadice v koloniich,
Phytwoscindns persimilis - predilon svi-
luZky chmclove, .
Emcarsia formosa - parazitosd mofic,
Erctrocevns eremicus - parazitoid molic,
poulivi we ptedeviim proti molici dbavini-
kove,
Macrolophius caliginesus - preditor molse,
Amiiseins degenerany - proditor tiisninck,
Amilsales carifemicus = preditor sviludek,
Amblyscises cwcumeris — prodasor hsotnck,
Leptomastix dactplopll - paruzitold pekise,
Hypowspls aculeifer — proditor larev
dvoukiidiich = thisadnek,
Cryproleemus mosntronzieri = preditor
derved,
Dacnssa sibivica — purazitoid laeev vymalek,
Diglyphus ivae — parazitoid larev vrualck,
Orins lacvigats - predivor $irdiho spekira
hmyza a roxtodl,
Hippodiaming convergens - preditor nesic,
Typhlodromis pyri — preditor fytosugaich
roz10¢4, pledeviim sviluick a hiltived
Pouziti: ovocné sady a viaice. Druh dlou-~
hodobé plediva v odetfench kulturich,
ke obvyklc stadi pouns jedna aplikace
® Phasmarkabddisls kermaphrodira (pfipra-
vek Nemaslug): Hlistice parnxitujici ve
slimacich

Aplikuji s zilivkou ma wihky povich pldy.

Pamazituji v mmoha drszich slimdko,
Pouditi; zcleming ma omé podé, rahrady,
skieniky a okrasné ikolky.

Steinernema feltiae (Enoncm): hlistice
paraxiugict v larvich dvouktidlého

heyau. Aplikacs zélivicon ma vIBKE povich
pldy. :
PouZitli; Zampionirmy, maodimy kvétin,
byty a intericry, produkoc rabradaickych
substritd

Heterorkabditls megiadis (Larvancm): hlis-
thoe parazitujici v larvich lnlokonosed.
Pougit okrasné Ekolky, okrasné zahrady
(pedeviim rododendroay)

Mikrobidlai biopreparity

Bacillus tharringiensis kuerstaki (Biobit
XL, Biobit WP): baktcric napadajici hou-
senky motyli. Aplikuje se posifikem
v dobd ihnuti housenck 7 vajitek.
]:'\A b
omi plda - koidiloviny ~ bllasci, phe-
divka polni .
~ fenykl, kmin, kopr, mrkev, pastinik
a petrzel — makadiovka kminovk, obaled
polni
v ralreniti je povolen i k ochrand kuku-
tice plod zavijobem kukulsnym & demo-
plskou bavinikovou.
skicafky — Semmopiska bavinikova s jiné
druby msotvia
gxocné sady ~ jabloh - obaled jabletng
viechny druby ovoendch dievin — phis-
toviabek amenicky, bekynd #atohind, pi-
Jalka podsimnl, bourovec prsténtivi
a ndkieré daldi druhy Rkodlivych motgid
vimice — obaled jednopisy a obaled mrame-
Tovany

Bioinsekticidy:
Biobit XL,Biobit WP Bt kurstaki ..motyli
Novodor Bt tenebrionis..mandelinky,

kvétopas jablonovy

Bilkovinné krystalky
produkované bakteril
Bacillus thuringiensis

Problémem komer&nich
piipravki ochrany
rostlin je fakt, 7e moz- ©
nosti jejich praktického
pouZivdni se ménf
podle toho, jestli

v dané zemi jsou nebo
nejsou registrovdny.
Piikiadem je pro €Z
velmi uZitetny
prepardt Novodor,
kterg v CR ztratil
registraci, ale v EU se
béZné pouZivd

de

Bacillus thuringiensis tenebrioniy
(Novodor): bakleric napadajici larvy
broukti, naptiklad mandelinky bramborové,
kv&topase jablonového, piipadnd dalsich
brouki, V sou¢asnosti jiz' v CR vypriela
plamost registrace, kterou bude viak
mozné obnovit. V EU je pFipravek
Novador v EZ hojné vyuzivin zejména

v ochrang proti mandelince bramborové

a kvétopasu jablonovému.

Bacillus subtilis (Ibefungin): bakterie pro-
dukujici enzymy, které maji baktericidni

a fungicidni G¢inck.

Pouziti: vinice — plisefi Sedd, madceni

a postiik sazenic okrasnych dievin.

Trichoderma harzianum (Supresivit):
spory hyperparazitické houby parazitujici
na myceliu patogennich hub.

Pouziti; inkrustace & mofeni osiva zeleniny
a okrasnych rostlin, zapracovini do substritu,

Pythium oligandrum (Polyversum);
oospory hyperparazitické houby parazitu-
Jici na fytopatogennich houbdch,

Pouziti; mofeni osiva okurek, zalivka okurek,
mofeni osiva pSenice proti Eerndni pat stébel,

9.3.2 Mechanické prostredky ochrany

Optické lapaky — Zluté lepové desky proti

msicim a molicim ve sklenicich, modré lepové
i

ky proti tidsnénkdm, Zluté sférické lapaky

vrtule tiestove, bile lepové desky proti pilat-

kam, Tyto lapiky maji jen omezenou G¢innost
a vesinou se vyuzivaji spife k monitoringu na-
letu danych Skided.

Lepové pdsy — proti pidalce podzimni na

ovoenyeh dievinich,

Netkané textilie (sit€) proti hmyzu, napf,

proti pochmurnatee mrkvové a dalsim Skide@m
zeleniny, Pouziti rovn€Z urychluje rist rostlin

zvy!

Senim leploty a vihkosti. Vice v kapitole 11

Zelinafstyi,
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ti zaprset Ci priliS foukat
se trefit do sprdavného vyvojového stadia
Skudce

Jak zvysit stabilitu/dcinnost BT preparatu
v oSetrené vegetaci ?
Vydrzi v porostu jen nekolik dni, nutna casta opakovani

* bioenkapsulace

* nesporulujici bakterie Pseudomonas + jejich nasledna
chemicka likvidace

* hybridni mikroorganizmy- smés delta endotoxinu

* produkce toxinu endofytnimi bakteriemi

* TRANSGENOZE rostlin
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Mechanizmus ucinku:

acinnym faktorem je DELTA endotoxin, dle své krystalické formy
zvan také CRY- protein

jiz v 50-tych letech zndmo az 170 Cry -proteint, jen nekolik
aplikaéné zajimavych .. PET ,SEROVARs"

Bt. var kurstaki, var thuringiensis, var aizawai .......Lepidoptera
Bt. var /sraelensis .....mosquitos,black flies... Diptera
Bt. var tenebrionis ....Coleoptera

dle Ferré et al. 2008
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Specifita vazby ruznych Cry -proteind
a soucasnée funkéni zazemi vzniku Bt resistenci

CrylAa CiylAb CrylAce CrylF Cryl) CrylB  CiyvlC

s b oF 3 28 3 BN

LN

Site 3 Site 4

Fig. 3.1 Proposed model for the Cry protemn binding sites in the midgut brush horder membrane
of the diamondback moth. Plufelia aviosiellu
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Flexibilita
v

typech Cry proteini mechanizmu vazby
davce (dozi - délce) aplikace

proménlivost cilovych organizmi

mohou vést k promeénlivosti aktuadlni specifity
a miry insekticidniho Gcinku

problém ztraty odolnosti vuéi danému skudci. .
refugia, kombinace transgenu jako reseni
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BT plodiny

odolné proti skodlivému hmyzu: larvam motyld,
broukd...

PRINCIP:

gen pro tvorbu delta-endotoxinu prenesen

z Bacillus thuringiensis do rostliny. Ta sama tvori tento
.biopesticid”, postriky nejsou nutné

Prisna specifita Ucinku, zadné negativni Ucinky na
prostredi ani clovéka
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Historie BT insekticidu

1902 .. Bacillus thuringiensis zjistén v Japonsku - vyvolava
dhyn bource morusového. Ishiwata ,sotto disease™

1911 .. izolovan, definovan z populace moucnych éervi v
Durynsku, prof. Berliner 1915

od 50-tych let .. znalost mechanizmu pusobeni :
delta-endotoxin (Cry),tvorici se ve sporach, destruuje strevni
vystelku skiudce

od 1930 (SPOREIN, Francie).... preparaty pouzivany jako
biopesticidy,prvni masivni komerce (THURICID U.S.A )-1950

od 1983 prvni transgenni plodiny

1987... Bt tabadk resistentni vuéi motylu Manduca sexta
1995 _.v USA uvolnény k volnému péstovani Bt kukurice,
bavinik, brambor

2007 ... ve 22 zemich svéta na 42,1 mil. ha péstovany
Bt kukurice a Bt bavinik
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..takovej hezkej motylek
a tak jej farmari nemaji rddi...

ZavijeC kukuricny
masivne v USA, Africe,
ale jiz i na ceskych lanech

Ostrinia nubilalis

* primarni sniZeni vynosu,
polomy stonku stézuji sklizen

* druhotna kontaminace zrna
i silazi houbovymi chorobami

| Bf-toxin neuskodi vyssim ZivoCichum,
larvam brouku, véelam ani moucham. OBRANA .
Je na néj ale citliva larva tohoto o o o .
'\ motyla - zavijece kukuricného (blO) peS'l'ICldy ? VOS|EkY?
| (Ostrinia nubilalis) Foto Karel Riha -
GMO/ Bt -kukurice ?
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Os frmla mlbz/alzs (zavuec kukuncny)

Housenky se zaZziraji do losthn jejichz stonky se lamou. Klom téchto primych skod zavlékaji
do rostlin patogeny, zejména houby produkujici velmi skodlivé jedy, napt. aflatoxiny.
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Co $kudci primo neseZerou,
to ponici a oslabi ..

odolnost rostlin k hmyzu

je i ochranou proti kontaminaci
potravin a krmiv MYKOTOXINY

Bt crops

Mycotoxins and food safety. Regular consumption of grains infected with
mycotoxin-producing fungi can lead to chronic diseases. Corn grown in the Guatemalan
highlands is harvested and graded as clean, spoiled, or rotten (right). Cornmeal for mak-
ing tortillas consists of equal parts of each grade. Not surprisingly, this meal contains lev-
els of mycotoxins (26 parts per million [ppm]) that are 100 times greater than cornmeal

from corn grown in the United States (0.2 ppm). The toxicity problem is amplified by
dosage.The average consumption of tortillas each day (14 to 16 ounces) is over 100 times
greater than U.S.consumption (0.12 ounce).(Photographs courtesy of Ronald Riley, USDA
Mycotoxins Laboratory.)
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BT kukurice v Ceské republice

MZe CR 2009

Nové verze 2012 )
viz prednaska Ing. STRATILOVE

Stav 2016 5
BT kukurice z CR
v podstaté zmizela

samozerné péstovani se nevyplati

Prednaska MB130P191 BAGIR http:/kfrserver.natur.cuni.cz/fr 2016 Katedra experimentalni biologie rostlin, UK PrF, prof. Opatrny




*Jaké byly vysledky vsTupmch ctyrletych testl vlivu
BT-MONA na Zivotni prosfr‘edn v Cechdch ??

PresvédCivé pozitivni, zddné snizeni ,ekodiverzity"
spiSe naopak.

*Jakd je zdravotni kvalita a vynos v porovndni s

kontrolami ??
Vyrazné vétsi vynos, zanedbatelna hladina mykotoxini

VURV Praha ... prof. Kocourek
EntU AVCR Ceské Budéjovice ... prof. Sehnal

* Recentni srovnatelné studie BAZLIVEC
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4

lavni hodnocené taxony:

Sice (UpIné nahore vlevo),

rasnénky (pod nimi), dravé

loStice (nahore uprostred),

avouci (nahore vpravo),

rabcici (dole uprostred) a | == 5

trevlici (dole vlevo). -
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*HN‘ L. W\ U o AT/ N
GM plodiny k produkcnlmu péstovani

\ EU/CR

* pouze Bt kukurlce MON810 odolna
proti zavije€i kukuficnému

« Vv EU tento GMO povolen pro
pestovani v roce 1998 b o)

—-

« v CR Bt kukufice péstovana od roku [l \
2005 ~ & ,
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http://www.euroskop.cz/43582/clanek/

Uvadéni GMO do zivotniho prostredi

GM kukurice

«  GAZ21 (tolerance ke glyfosatu
 NKG603 (tolerance ke glyfosatu
« 98140 (tolerance ke glyfosatu a sulfonylmocovinam)
 MONS810 (odolnost vii¢i hmyzim sktdcim t. Lepidoptera)
* 1507 (odolnost vici hmyzim skidcim f. Lepidoptera)
 MONB89034 (odolnost vici hmyzim Skidctim . Lepidoptera)
(odolnost vii¢i hmyzim Skudctam t. Lepidoptera a
vyuziti mandzy jako zdroje uhliku)
(odolnost vii¢i hmyzim skudctam . Coleoptera a
vyuziti manozy jako zdroje uhliku)
* 59122 (tolerance ke glufosinatu amonnému a odolnost viici
hmyzim Skiidctim . Lepidoptera) ;
«  MONS88017 (tolerance ke glyfosatu, odolnost vii¢i hmyzim ’
Sktidcim t. Coleoptera)

FOTO: Martin Téhnik, CIZP
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Bt kukurice je jiz také ,africkou soucasnosti”

Heflo Tollow 1armors, Now e you gaing? Today we are going 10 Rk aboul the
varety of maize that ks planted on this Sddd. The sced for this variety of malze has
aeen produced using hiatechnology

‘Nngtis this
baotecrnglogy?

You, ILis 52k [or Qrmers Ko you and ma 1o use bacause
ILhas goae through @ 101 of 1e5ts Dolore e Govurnmant
(Nstany Depanment of Agncuiure) wouks appeove &
By-the-way, Gowernment has to appeove all new crops
mnde by this new technclogy before famers can stan
wsirg thom. So, thix also means that it is 2 zafe sechnolagy.

You sae, whan livie) t(hngs sound us aee
e b make ueaful products that we need
like yearst for muking brasd or beer,

Kt is Lotechnokgy.

4/11 s Se b Loy
But I dant ungarstand, that oas not saund naw?
Vidawe bean caing that lor a long Sme naw,

1 ks cheader 1or me 10 use BY malze becouse 1 now use kess waler for SPIY).
55 pestiodes o comtrol e minos p el less lobour, whch means | have
more ime o do other things onmy form, By usng this new technalogy, | can
a0 mereaoe the area | plant

Sa, ety & A bener for
mo to use BT moize?

'|
|
N\

You are righl. Srlechnoiogy has been
wilh w5 foe i fong tme, but now 1 is

gelting better and Leller. In medern
botechnology you con Inke a piece of
migporganism ofed BT ond put it inso
- a maze plare. This BT makes a protein
<| that stops the sialk barer from eating the

=) malza plant, leaving the malze o mature
. I‘I \
L. /

A for Dettor ok
= U ANA 7

No, no it's insde tho seod
% ore unth bacvust timoe,
S0 TI¢ makze pratects sl

=0

Yas. ot first | was also worried about the cost,
bocuzo BT mawe moed s moro axpensiie
than non BT seed. Bul whee | sow hotmy B7
rize peoduced o bigh quality grada irsiiee
Ul bas rot Loen damagoe by insocts, |

| v going 10 make o 1ot more mooey.

an also get BT cotton that won't te eaten by holwoms, This BT cotlon is alo made by modern
echriology. Thee will be more crops like Hese 10 help famers ike you and me n the e,
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V USA rozsdhlé péstovani BT kukurice jiz dvacet let

Pred Sesti lety publikovano dlouhodobé hodnoceni
jeho
ekonomickych i ekologickych dopadu

HUTCHISON,W.D., BURKNESSE.C., MITCHELLP.D.,
MOONR.D., LESLIE,T.W., FLEISCHER,S.J., ABRAHAMSON M.,
HAMILTONK.L. STEFFEY K.L. GRAY M.E. HELLMICHR.L.,
KASTER,L.V.,HUNT, T.E., WRIGHT R.J.PECINOVSKY K.,
RABAEY,T.L., FLOOD, B.R.,RAUN,E.S.:

Areawide suppression of European corn borer with
Bt maize reaps savings to non-Bt maize growers.

Science 330: 222-225, 2010
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2010

Prespoini dolary
CASOPIS ROKU 2008

pomdhe v Americe | Ganmidfum,

ItedT i nepistug, bwdl novd studie

Joj pombrmb vysoke zastoupenl

totl? snidge celovou populaci
fikidos zntjeCe kuufiného

v Cochdch, ke se GM odrica péstule

jen ma domku collowd plochty oseté
www.shonom cx 3
tinlo 42,2Y.-24.10. 2010 ¢ “ulum' : : M 7 ’al\lf‘:‘.mmmfmm/ Mousanky zavjeds se mohou pusilt
1 00 prych rostin NEZ Ksarice, an %
vy piedaat plod vieoms oattnint
Storky vybray 2o, o 2 ek
e et

\‘.

véda & technologie - ey b ks

ony | kvefi 21, e i nogdeey Insocam piv
0 Noubovid semoc. Pochie pledeeiin 0 prastion houby
lw Py, 00 Arw riey 5 dostal

v obdols prvry owitowd il

M I- f-I & Stav osevu kukufiénych poli v USA GM kukufice versus klasicka
o I l ovana S Zastoupeni modifilovand lafice typu Bt W P i etk =

¥ procenioch v jednotivich stitecit —

o~ | . - Y USA
1 4 o v A

vvpo moc . : R ‘ R

Geneticky upravena kukufice zvySuje vynosy
i na polich s klasickymi odrtidami.

O m swite
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Za 14 let péstovani usetrila BT technologie
zhruba 6.9 miliard dolarti, zejména na postricich a
usporené nafte.

b4

V castce je zohlednén i vyssi naklad na GM osivo.

Zhruba 62 % této castky , ‘redy 4.3 miliardy dolard,
usetrili péstitelé béznych odr'ud véetné BIOFARMARY

V péti sledovanych statech se mnozstvi zavijece snizilo
o 27 az 73%.

Dodrzeni strategie refugii (non-GM ploch)
zabranilo evoluci BT-odolnych populaci zavijece
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Bt zeleniny
zejména indické vyzkumné projekty
| praxe

9.3.3 Bt Brassica Vegetables, a Model System

Cry | Br genes have been introduced into several Brassica species, conlerring resist-
ance 1o £ xvlastella and other Lepidoptery (Earle et al., 2004; Paul et al., 2005).
Early work in a collaborative program (Larle and Shelton at Cornell University) on

Romeis et al. 2008

wck moth, Plaella xvlostella, despite

ms India, Inc.)
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JiZ nejen vyzkum
mamutich firem typu MONSANTO, PTONEER
ale také mensi ucelové korporace:

Good Example For

3 3
7(":; |
MELBOURNI

1. Collaboration -> | %

2. Sustainable Integrated Solution

‘5 . : = i
W CIMBAA Slide 2 Bayer CropScience

klicové reseni pro budoucno ???
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Indicky ,diamantovy mol™ nebo cesky bélasek ??

The Issue The Culprit

&. CIMBAA Bayer CropScience

Prednaska MB130P191 BAGIR http:/kfrserver.natur.cuni.cz/fr 2016 Katedra experimentalni biologie rostlin, UK PrF, prof. Opatrny



The Challenge - Diamondback Moth

* Skudce ,diamantova mura”
je odolna k vétsiné pesticidu,
zoufali farmadri se ilegdlné vraceji k DDT

* ndklady na postrik 168 mil US $ rocné,
predstavuji 38% celkovych

* strikat nutno jednou tydné,celkem 13x
* celkem 6000 tun rocné insekticidu

KVETAK i ZELT v Indii
klicova soucdst stravy,zejména pro vegeteriiny

({., . CIMBAA Siide 6 Bayer CropScience

J/Kfrserver.natur.cuni.cz/fr 016




Bt zelenina: bez postrikl, housenek i mykotoxinu ...

Field Trials India 2006
Kontrolni

rostliny—

==
S Y




BT b avl nik Pectinophora gossypiella

ink bollwor
Indie od 2002, P ollworm
dnes 8,3 mil. ha, 83% celku

UGA5006025
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Moznosti vzniku ,Bt resistenct”
a strategie refugii

(A) Recessive resistance (B) Dominant resistance

. \

g‘,\;\

@%&%\“

No survivors

Kig. 3.2 Schematic representation of the high dosefreluge strategy under Iwo assumplions: resislance
being recessive (A) or dominant (B). Butterflies represent adult suevivors ol dilferent genotypes:
RR. homozvgous resistant, RS, heterozyaous: S8, homozvgous susceptible
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NEWS OF THE

Refugia dostatecné nefunguji ?

INDIA

Hardy Cotton-Munching Pests
Are Latest Blow to GM Crops

NEW DELMI—Morsanto has reveniod thut & conon ferme
oaTmon mect pest s developed resestan I in 20009, mnd book

prirozena selekce BT resistentnich populaci
pink bollworms na indické BT baviné

(prvni BTr generace, jen single BT protein
novéjSi Bolgard II hybrids produkuji dva
ruzné. Pro 2011 budou zrejmé péstovany
na 90% plochy stdtu Gujarat)

. NEW DELHI—Monsanto has revealed that a
. common insect pest has developed resistance
- to its flagship genetically modified (GM)
- product in India. The agricultural biotechnol-
- ogy leader says it “detected unusual survival”
- of pink bollworms that fed on cotton contain-
. ing the CrylAc gene from the bacterium
. Bacillus thuringiensis (Bt), which codes for a
. protein that’s toxic to many insect pests. In a
. statement to Science, Monsanto claims that
. the finding from western India “is the first
| case of field-relevant resistance to CrylAc
. products, anywhere in the world.”

Science 327, March 2010
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BT brambor

mandelinka bramborova, msice,
ale také zavije¢ kukuricny

I‘-i}_'ﬁ 7.2 Colorado potato beetle choree ficld R1Il(lt\ Detohiation of susc cpfll‘\l-‘ potato « lones (left)
compared to natural {eptine glycoalkaloids, center) and engineered (87 ¢ry3A in combination with
glandular trichomes, 1t) host plant resistance clones developed by Michigan State University

(Photo by Joseph Coombs, Michigan State University Potato Breeding and Genetics)
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TABASHNIK, B.E. BREVAULT,T. CARRIERE,Y:

Insect resistence to Bt crops: lessons from the
first billion acres.

Nature Biotechnology 31 : 510-521, 2013

souhrn poznatku ze 77 originalnich studii

«\imY analyza evoluce resistence
" (g\) ' u 13 druht hmyzich Skadcu

E % genetika (vice alternativnich BT genu) x
| m peéstebni strategie spoluurcuji dspéch
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ALTERNATIVY pro BT - strategie

prenosy genu kodujicich tvorbu:
* inhibitord hmyzich travicich enzymi - zejména amylaz
* rostlinnych lektinovych geni

* .vegetative insecticidal proteins™ (VIPs) z Bacillus
thuringiensis nebo Bacillus cereus

feromonové strategie ?

odpuzovaci strategie ?
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ALTERNATIVY pro BT - strategie

* prenosy genu kodujicich tvorbu inhibitord hmyzich
travicich enzymu )

PROTEAZ
inhibitory serinovych protedz - zejména trypsinu a

chymotripsinu

inhibitory cysteinovych proteaz
inhibitory metaloprotedz
inhibitory aspartylproteaz

AMYLAZ
nékteré inhibitory maji téz lektinovou strukturu a
funkci
* prenosy genu kodujicich tvorbu lektint
* prenosy genu kodujicich tvorbu chitinaz
* jiné...
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Tato proteinova strategie neni bez rizik - nutnost kontrol

IMUNOGENICITY
ALERGENICITY

Soucasnost:
jesté na drovni vstupnich laboratornich testu
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3

Ancirew Pertin

It took 15 years and $2 milion for a gifted Austrafian sciantist 1o producs the
s money and save the d, But
tionss about the safety of GM science.
AN A
29-%0, % 2006
€ Sl SeD

AHA 12— MaDRANY
5

CRECH REFURLIC.
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Leguminosy ASIE, AFRIKY, AUSTRALIE

{ g&r:« :'QT'

A.. peanut Arachis, B.. common bean Phaseolus, C... chickpea Cicer
D... cowpea Vigna, E... pigeon pea Cajanus, F... lentil Lens
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Pricina je znama -

alfa-amylase 1 inhibitor gene

from phaseolus is in transgenic pea
.unproperly” glycosylated,
final protein induces imunological problems in
rats ..

viz blize prednaska o molekularnim farmarstvi
Doc. Honys
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oy ACS PUBLICATIONS

O0H OUALITY 1CK umcr
[Joumal Home Page] [Search the Journals) [Table of Contents] [PDF version of this anicle] [Download to Citation ¥

J. Agric. Food Chen., 83 (23), 9023 -9030, 2005, 10.1021/jf050594v S0021-8561(05)00594-7
‘Web Release Date: October 15, 2008

Copyright © 2005 American Chemical Society

Transgenic Expression of Bean «-Amylase Inhibitor in Peas Results in Altered Structure and
Immunogenicity

Vanessa E, Prescott.t Peter M. Campbell§ Andrew Moore) Joerg Mattes,t Mare E. Rothenberg,§ Paul S, Foster,t T. J. V. Higgins) and Simon P, Hogan*t

Division of Molecular Bioscience, The John Curtin School of Medical Research, Australian National University, Canberra, ACT, Australia, Division of Allergy and Immunology,
Department of Pediatrics, Cincinmati Children's Hospital Medical Center, University of Cincinnati College of Medicine, Cincinnati, Ohio 45229, and Divisions of Entomology and
Plant Industry, Commonvealth Scientific and Industrial Research Organization, Canberva, ACT, Australia

Received for review March 16, 2005, Revised manuscript received Angust 26, 2005, Accepted September 6, 2003, This work was supported in part by National Health Medical
Research Council {Australia) Program Grant 224207,

Abstract;

The development of modern gene technologics allows for the expression of recombinant proteins in non-native hosts. Diversity in teanslational and post-translational modification
pathways between species could potentially lead to discrete changes in the molecular architecture of the expressed protein and subsequent cellular function and antigenicity, Here, we
show that transgenic expression of a plant protein (&-amylase inhibitor-1 from the common bean (Phaseolus vulgaris L. ¢v. Tendergreen)) in a non-native host (transgenic pea (Pisum
sativum L.)) led to the synthesis of a structurally modified form of this inhibitor. Employing models of inflammation, we demonstrated in mice that consumption of the modified XAl

dind not the native form predisposed to antigen-specific CD4" Thy-type inflammation, Furthermaore, consumption of the modified ctAl concurrently with other hcicrugcmous profeing

promoted immunological cross priming, which then elicited specific immunoreactivity of these proteins, Thus, transgenic expression of non-native proteins in plants may fead to the
synthesis of structural variants possessing altered immunogenicity,

Keywords: a-Amylase inhibitor; transgenic plant; animal model; Th2 inflammation; mass spectrophotometry
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Patogenni

MIKROORGANISMY
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Virova onemocneéni rostlin

* vysoce kalamitni - SiFeni bodavé savym hmyzem,
krisy, had'atky,roztocCi, ale i parazitickymi houbami

* obtizné lécitelna
* karantenni (S- vir'y brambor, sarka svestky)

* snadno prenosna u vegetativné mnozenych plodin
(br'ambor' chmel, bcmany cukrova trtina a p.)

* vzdcné genové zdroje resistence

* znacny prinos biotechnologickych metod ozdravovani -
eradikace

* 6GMO techniky - obalové proteiny

Viz blize katedrovy seminar 27.XI

Prednaska MB130P191 BAGIR http:/kfrserver.natur.cuni.cz/fr 2016 Katedra experimentalni biologie rostlin, UK PrF, prof. Opatrny




Strategie pripravy
WVIRUS -RESISTANT plants”

* infekce ,mirnym" virem muze vyvolat systémovou
obrannou odpoved' rostliny ... ,cross protection™

* tuto schopnost ma i prenos casti genové vybavy
viru -zejména genu pro ,.obalovy protein (1980)

* alternativy: prenos ruznych satelitnich genu,
genu pro replikazy a p.

* obava z risik: heteroenkapsidace, rekombinace
infekéniho viru x transgenu,synergické ucinky ?
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Epidemické virozy rostlin:

* ,swollen shoot" kakaovniku - prvné v Ghane 1930,
prenos ,mealy bug”,
eradikace pokacenim 160 mil. stromu v roce 1977

* virus Sarky Svestky, prvné 1915 Bulharsko, nyni cela
Evropa- Svestky, merunky, broskve

* virus cukrovky ,beet necrotic vein virus"
* citrus tristeza virus - SiFi msSice - Uhyn 16 mil. stromu
Brazilie, 10 mil. Argentina, 3 mil. Kalifornie,

4 mil. Spanelsko

* virozy bramboru
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Zachrana Havajskych papaji
Dennis Gonsalves, Cornell University

1978 epidemie ringspot viru

1991 prvni (coat) protein GM rostliny

1992 polni testy, resistence funguje
nyni 80% ploch Havaje je GM papaja

*

% e

>

N ; ~'«é".-§\" ”,'
' ¥

.~ Survivors. Engineasetl g
#trees withstand viris
drrounding 1y
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em virusresistentni papaja

modelovy priklad pro diskusi o prinosech
a rizicich 6M plodin

* evidentni zachrana lokdlni produkce - na non-GM
plantazich oblasti Puna za 6 let klesl vynos na polovinu - o 11.8mil.kg

* nepotvrzeny obavy z alergenni reakce na obalové proteiny, vyssi
citlivost GM odrid (plivodni se jiz nakriZuje do dalSich non-GM) k
jinym patogenum - fytoftora

* potvrzeny obavy ze ,spontdanni genetické kontaminace™
non-GM odrud prostrednictvim GM pylu
riziko pro ,organické farmare”, limit vyvozu

Za danych legislativnich podminek idedlni vyuziti pro ,ostrovni
produkci® (Taiwan, Filipiny, Malajsie) a vlastni konzumaci
(Thajsko,Vietnam)
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Alternativy ke ,coat-protein® technikam:

* prenos mutantnich genu kodujicich virové MP
(movement proteiny), resp. transgenu pro peptidy
fungujici jako jejich ,negativni inhibitory"

* prenos genu pro transkripty inhibujici funkci
virové replikazy

* prenos lektinovych gent (antimSice)

* nejruznéjsi antisense techniky

TRANSGENY pro resistenci k VIROIDUM
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BAKTERIALNI

onemocheéni rostlin
az 250 druhd, ¢asto v mnoha rasdch riazné virulence

* Agrobacterium tumefaciens ... "crown gall" ...vinna réva aj.
* Erwinia amylovora ........spdla rizokvétych...jabloné, hrusky
* Erwinia carotovora ....... hniloba zelenin

* Erwinia tracheiphila .....hniloba okurek

* Pseudomonas syringae ... rakovina peckovin

* Xanthomonas phaseoli ....hniloba lusténin

Mechanizmus pusobeni: GM strategie ???

Toxiny

ucpdvani vodivych pletiv, pruduchd,

macerace pletiv a bunéénych stén ... pektindzy, celuldzy
* plané druhy - genové zdroje resistence
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HOUBOVA nemocnéni rostlin

bud’ primadrni

nebo sekundarni patogeneze

* po poranéni herbivory

* po oslabeni ochrannych mechanizmu rostliny
jinymi stresory
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Zdravotni ohrozeni

KONTAMINOVANYMI biokrmivy i biopotravinami

* aflatoxinové ,biosilaze™ pro stdjové ,biochovy"
* fumonisinové popkorny, celozrnné pohankové biopotraviny

* houbou kontaminované povrchy obilek

(co neodhali oko, to najde plynovéa chromatografie)
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Ing.Nedélnik, reditel

MOIecu Ia I N Utrition Vyzkumného dstavu picnindrského

www.mnf-journal.com

Troubsko u Brna
k problematice biosildzi:

Reviews
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.Mykotoxiny putuji potravnim
retézcem:

v porovndni s nimi pripadna
residua modernich pesticidu
pusobi malem jako vitaminy .."

DOI 18, 1002/mnie. 200600137

Review

Ochratoxin A: An overview on toxicity and
carcinogenicity in animals and humans

Annie Pfohl-Leszkowicz' and Richard A. Manderville®*
' Laboratire de Génie Chimique, UMR CNRS/INPT/UPS 5503, INP/ENSA Toulouse, Auzeville-Tolosanc,

France
* Department of Chemistry, University of Guelph, Guelph, Ontario, Canada




Houbova onemocnéni rostlin
rzi, snéti, padli, plisné,hniloby

* Puccinia graminis tritici .... rez pSeni¢na

* Puccinia striiformis/graminis ... rez travni

* Ustilago maydis ... snét’ kukuricna

* Erysiphe graminis, polygoni,cicoracearum ... padli

* Fuzarium oxysporum, solani, nivale ... fuzarium,plisen snézna
* Phytophtora infestans ... plisen bramborova

* Ceratocystis ulmi ... grafiéza jilmu

* pleitrofni GcCinky: toxiny i enzymy, mechanicke
bloky transportu, parazitismus az saprofytismus,
mono-Ci polygenné kodované rezistence

* Transgenoze, hybridizace zygoticka i somaticka,
mutageneze ?
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Take
resistenéni Slechténi bf'amboru

se v budoucnu
bez TRANSGENOSE
Zrejme neobejde.
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Precteni genomu plisné bramborové
Mezindrodni tym genetiklu precetl kompletni
dédi¢nou informaci plisné bramborové, ktera pred
sto Sedesdti lety kompletné znicila drodu brambor v
Irsku. Hladem tehdy zemrel milion lidi. V
soucasnosti napacha plisen bramborova kazdorocné
na polich $kody za bezmadla sedm miliard dolard.

Chad Nusbaum: , Tri ctvrtiny DNA
plisné bramborové tvori tzv. skdkajici geny
- transposony.” Nature 2009

i- RNA jako hlavni
efektor
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S dvéma b/b y proti Bruselu Plisefi bramborovd

geny resistence B/b 1 B/lb 2 Phytophtora infestans

Solanum bulbocastanum
GM brambor firmy BASF - nepovolen

Feze perfodicke zpravy o postupu projekiu
za rok 2012

Cislo projektu:
QJ1210305

Nizev rojekiu:
Integrovani ochrana proti plisni bramboru v novveh
agroenvironmentilnich podminkich s vvuZitim prognozy viskvtu
choroby a na zikladé novych pozaatki o zménsch v populacich

patogena a procesech rozkladu hliz

DEJINY BRAMBOR

FrantiSek Kutnar

20 variant pesticidi jako alternativa

Nejen irské ale celoevropské bramborové hladomory 19. stoleti
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GM, vcely, spolecnost Heinricha Bolla

a evropsti/rakousti Zeleni
Eurovolby 2014

: . Xz
LN

Eva Lichtenberg
i USVIT

sugerovani souvislosti
s neonikotinoidy

http://opatrny.bigbloger.lidovky.cz/c/405759/Alzheimer-vcely-a-GM-
plodiny.html

Prednaska MB130P191 BAGIR http:/kfrserver.natur.cuni.cz/fr 2016 Katedra experimentalnitl biologie rostlin, UK PrF, prof. Opatrny




DEKUJI ZA POZORNOST

4.4.1 VCely a geneticky modifikované
plodiny

(Zdenék Opatrny)

Kvétoslav Cermak, Karel Sladek a kol.

Ekologie

Klasika slechténi rostlin

chovu vcel S —

plodin s vihodnymi kva

http://pavelmervart.cz/kniha/ekologie-chovu-vcel-475
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