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principy genetickeho kodu a z nich odvodene
postupy genetickych modifikacii

GM plodiny 1., 2. a 3. generacie

v sucasnosti trhovo dostupné GMO
environmentalne, spolocenske a eticke rizika

GMO a legislativa



1. geneticky kod a geneticke modifikacie

1866
1909
1910
1941
1944

1953

1968

2012

Gregor Mendel publikuje svoj Clanok

Wilhem Johanssen ,gén”

Thomas Morgan ,géeny” su na chromozomoch
George Beadle a Edward Tatum

jeden gén - jeden enzym

Oswald Avery, Colin MacLeod a Maclyn McCarthy
geny su sucastou DNA

James Watson a Francis Crick

struktura DNA

centralna dogma molekularnej biologie

H.O. Smith, K.W. Wilcox a T.J. Kelley

objav restrikCnych enzymov

Objav CRISPR/Cas9



1. geneticky kod a geneticke modifikacie
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1. geneticky kod a geneticke modifikacie

RestrikCné enzymy strinaju DNA
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1. geneticky kod a geneticke modifikacie
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1. geneticky kod a genetické modifikacie

genotyp

@ bielkoving — funkcia—é vlastnost

fenotyp

viditelné / vyzorové Crty
zdravotny stav

povahove vlastnosti



1. geneticky kod a genetické modifikacie
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1. geneticky kod a genetické modifikacie

velka davka antibiotika

Screegl for (@l x x? I S §
gy, MW )= 7

cells screened transformed cells transgenic plant
for transgene selected with regenerated from single
selectable marker transformed cell




1. geneticky kod a genetické modifikacie

Screening for
cells with
transgene

cells screened transformed cells transgenic plant
for transgene selected with regenerated from single
selectable marker transformed cell

MONGS810
kKukurica s génom pre toxin z bakterie B. Thuringensis



1. geneticky kod a genetické modifikacie
CRISPR/Cas9

»editovanie
>knockout
»Znizena expresia

»raktivovana expresia



2. GM plodiny 1., 2. a 3. generacie

Geneticky modifikovane rastliny prvej generacie

Orientované na pestovatela:
*znizenie pracnosti
*znizenie nakladov

Rezistencia voCi skodcom Rezistencia vocCi herbicidom
*Roundup (glyphosate)

*Bt rastlin
ety Liberty (glufosinate)
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2. GM plodiny 1., 2. a 3. generacie

Geneticky modifikovane rastliny druhej generacie

Orientované na spotrebitela
«Zjednodusené spracovanie a skladovanie
zlepSena vyzivna hodnota

*zlepSena chut

o Flavr Savr®

«Canola (repka olejna) so zmenenym obsahom
mastnych kyselin a zvySenym obsahom vitaminu E
*Kava alebo €aj bez kofeinu

*Tabak bez nikotinu

*Kvalitnejsie krmiva
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2. GM plodiny 1., 2. a 3. generacie

Geneticky modifikované rastliny tretej generacie

Priemyslove produkty (plasty ...)
Enzymy

Vakciny

Protilatky

Terapeuticke latky
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3. Vv sucasnosti trhovo dostupnée GMO

Geneticky modifikované rastliny prvej generacie

Tolerancia vocCi herbicidom - Round-up
Liberty

Rezistencia voCi hmyzu (Bt-toxin obsahujuce plodiny)



3. Vv sucasnosti trhovo dostupnée GMO

Geneticky modifikované rastliny prvej generacie

Tolerancia vocCi herbicidom - Roundup - glyfosat

Inhibuje syntézu tyrozinu, tryptofanu a fenylalaninu


http://en.wikipedia.org/wiki/File:Glyphosate-2D-skeletal.png

3. Vv sucasnosti trhovo dostupnée GMO
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3. Vv sucasnosti trhovo dostupnée GMO

Geneticky modifikované rastliny prvej generacie

Tolerancia vocCi herbicidom - Liberty - glufosinat

Inhibuje enzym glutamin syntetazu


http://en.wikipedia.org/wiki/File:Glufosinate.png

3. Vv sucasnosti trhovo dostupnée GMO
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3. Vv sucasnosti trhovo dostupnée GMO

Rezistencia voCi hmyzu (Bt-toxin obsahujuce plodiny)




3. Vv sucasnosti trhovo dostupnée GMO

Rezistencia voCi hmyzu (Bt-toxin obsahujuce plodiny)

Membrane

oligomer  GPIl-anchored Insertion

protein

Pores lead to
b ATP-g osmotic cell lysis

2 |CAMP

w \ Activation of

cell death pathway

http://web.utk.edu/~jurat/Btresearchtable.html



3. Schvalené GMO

\V/,

|SAAA

INTERNATIONAL SERVICE
FOR THE ACQUISITION
OF AGRI-BIOTECH
APPLICATIONS
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https://en.wikipedia.org/wiki/File:Logo_complete.jpg

3. Schvalené GMO
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3. Vv sucasnosti trhovo dostupne GMO

Osiata plocha v milionoch hektarov

2002 2009

m— Total === |ndustrial === Developing

Source: ISAAA, 2016
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3. V sucasnosti trhovo dostupne GMO

Plocha Ceskej republiky je cca 7,9 miliona hektarov
z toho obrabana p6da je cca 2,6 miliona hektarov
z toho kukurica je cca 230 000 hektarov

10 300 hektarov je plocha
Olomouca

Blatec



3. Pestovanie GM plodin vo svete

50,000 hectares, or more

USA
Brazil*
Argentina*
Canada
India*

72.9 million
49.1 million
23.8 million
11.6 million
10.8 million

3.6 million
2.9 million
2.8 million
2.7 million
1.3 million
1.2 million
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 18. Colombia* 0.1 million

crops was 185.1 .mllllon hectares, Less than 50,000 hectares
representing an increase of 3%

. Vietnam™
from 2015, equivalent to Honduras®

5.4 million hectares. Chile*
Portugal

Paraguay*
Pakistan*
China*
South Africa*®

. Uruguay*

. Bolivia*

. Australia
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B 26 countries which have adopted biotech crops

[
~1

Bangladesh*
Costa Rica*
Slovakia

Czech Republic

3%
Increase

from 2015
Source: ISAAA, 2016.

* Developing countries




3. pestovanie GM plodin v EU (v ha)

Table 29. Biotech Crop Area in the European Union, 2006-2016
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Source: ISAAA, 2016
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3. V sucasnosti trhovo dostupne GMO

Figure 10. Global Area of Biotech Crops, 1996 Figure 11. Global Adoption Rates (%) for
to 2016: by Crop (Million Hectares) Principal Biotech Crops, 2016 (Million Hectares)
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3. Vv sucasnosti trhovo dostupnée GMO

Figure 12. Global Area of Biotech Crops, 1996

to 2016: by Trait (Million Hectares) Trits 015 % 2016 "
120 Herbicide Tolerance 95.9 53 86.5 47
Stacked Traits 58.5 33 75.4 41
Insect Resistance 25.2 14 23.1 12
100 Virus Resistance/ <1 <1 <1 <1
Other
Total 179.7 100 185.1 100
80
60
40
20
1 1 1 I 1 1 1 1 1 1 I 1 1 1 1 1 1
1996 2002 2009 2016

=== Herbicide Tolerance m= Stacked Traits
= |nsect Resistance (Bt)

Source: ISAAA, 2016




3. v sudasnosti trhovo dostupné GMO - EU

jedlo/krmivo iné pestovanie
Bavina 12
Kukurica 26
Klincek
Repka olejna
Soja

Cukrova repa




3. Vv sucasnosti trhovo dostupne GMO

GM losos s pridanym promoterom pre rastovy hormon (Aquabounty)

HOW THEY COMPARE

'.'*" "~

GMsalmon =i _ ke | Farm salmon F
Length: 24ins \ 61 cm o hee =1 Length: 13ins 33 CM
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3. Vv sucasnosti trhovo dostupnée GMO

Vyvinuty 1989

Prva ziadost 1996

Maj 2013 proces hodnotenia v USA ukoncCeny
2016 povoleny v Kanade

2017 na trhu

GM losos sa méze parit' s divym lososom

Krista B. Oke, Peter A. H. Westley, Darek T. R. Moreau, and lan A. Fleming
Hybridization between genetically modified Atlantic salmon and wild brown trout
reveals novel ecological interactions

Proc. R. Soc. B 22 July 2013 vol. 280 no. 1763

32



3. Vv sucasnosti trhovo dostupnée GMO

,Zlata ryza“ obohatena o [3-karoténom

|. Potrykus, N Biotechnol. 2010 Nov 30;27(5):466-72
problemy s registraciou = zlocCin proti ludskosti

Patent: Syngenta ho uvolnila pre humanitarne vyuzitie

M.J. Haskell, Am J Clin Nutr. 2012 Nov;96(5):1193S-203S.
Ludsky organizmus vyuzije lepsie rastlinneé zdroje ako obohatenu ryzu
alebo kukuricu

G. Tang et al., Am J Clin Nutr. 2012 Sep;96(3):658-64.
B-karotén v Zlatej ryzi je rovnako ucinny ako Cisty 3-karotén v oleji a
ucinnejsi ako Spenat.
Slabiny studie: zdravé deti, bohata mastna strava
33



4. environmentalne, spoloCenske a etickeé rizika

Potencialne rizika:

ohrozenia ludského zdravia

eohrozenia zivotneho prostredia a biodiverzity
*spoloenské ohrozenia

eticke otazky

34



Identifikacia

urcenie pravdepodobnosti

- ckonomicke dosledky A
nepriame
\_ priame )
4 udinky A
ucinky
_ spolocenskeé dosledky Y




identifikacia
urcenie pravdepodobnosti

striktna vedecka metdda (GLP, ISO) pouzivana v
definovanom prostredi

priame
ucinky



4. environmentalne, spoloCenske a etickeé rizika

Pre Cloveka
nove alergie
poskodenia organov

neziaduce ucinky neschvalenych plodin
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4. environmentalne, spoloCenske a etickeé rizika

Pre Cloveka

Effect of Diets Containing Genetically Modified Potatoes
Expressing Galanthus Nivalis Lectin on Rat Small Intestine.

Ewen and Pusztai, The Lancet, Volume 354, Issue 9187, Pages 1353 —
1354, 16 October 1999

Long term toxicity of a Roundup herbicide and a Roundup-tolerant
genetically modified maize.

Séralini et al., Food and Chemical Toxicology
Volume 50, Issue 11, November 2012, Pages 4221-4231
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identifikacia
urcenie pravdepodobnosti

nepriame

krok za vplyv
samotnej rastliny

ucinky



4. environmentalne, spoloCenske a etickeé rizika

Pre Cloveka

Potencialna karcinogenita herbicidu RoundUp

WHO - asi ano
FAO - asl nie

40



4. environmentalne, spoloCenske a etickeé rizika

Skupina 1

Skupina 2A

Skupina 2B

Skupina 3

Skupina 4

http://www.iarc.fr/

Karcinogénny pre 'udi
Pravdepodobne karcinogénny pre
T'udi

Mozno karcinogénny pre l'udi

Neda sa klasifikovat’ ako
karcinogenny pre l'udi

Pravdepodobne nie je karcinogénny
pre l'udi

120

81

299

502

41



4. environmentalne, spoloCenske a etickeé rizika

Pre ekosystém

prenos genu na iné rastliny

vznik ,superburin® a rezistentného hmyzu
utok na necielove organizmy

pokles biodiverzity

42



4. environmentalne, spoloCenske a etickeé rizika

Pre ekosystem

SISTANT

RE

Herbicide class:

CID

== fcetolactate synthase inhibitor
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4. environmentalne, spoloCenske a etickeé rizika

Pre ekosystem

. Reduced efficacy
[ ] 1-6% resistant

. <1% resistant

. Susceptible

Insect resistance to Bt crops: lessons from the first billion acres B. E. Tabashnik, T.
Brévault &Y. Carriere Nature Biotechnology (2013) 31, 510-521 44



4. environmentalne, spoloCenske a eticke rizika

Pre ekosystém

Yanhui Lu et al. Science 28 May
2010: Vol. 328 no. 5982 pp. 1151-
1154

Mirid Bug Outbreaks in Multiple
Crops Correlated with Wide-Scale
Adoption of Bt Cotton in China

)


https://sites.google.com/site/insectsoftasheteroptera/suborder-heteroptera/miridae-plant-bugs/DSCF2314.jpg?attredirects=0

4. environmentalne, spoloCenske a eticke rizika

Pre ekosystém

1. Quist, D. & Chapela, I.
Nature 414, 541-543
(2001)

2. Cleveland, D. A. et al.
Environ. Biosafety Res. 4,
197-208 (2005).

3. Alvarez-Buylla et al.,
Molecular Ecology 18 (4),
pp. 750-761 (2009)

46



identifikacia
urcenie pravdepodobnosti

g ekonomické dosledky a

nepriame

\_ priame -
4 )

aginky

ucinky

_ spoloCenskeé dosledky y




4. environmentalne, spoloCenske a etickeé rizika

Spolocenske

rast monokultur

rast cien plodin / potravin
patentované semena

centralizacia produkcie

48



4. environmentalne, spoloCenske a etickeé rizika

Spolocenske

NATURE | VOL 497 | 2 MAY 2013
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5. legislativa

Povolenie: na Urovni EU: 1829/2003, 1830/2003, 1137/2008

Buducnost: na urovni Clenskych statov

zladost

V

EFSA (6 mesiacov)

verejnost (30 dni)

Y

EK: navrh rozhodnutia (3 mesiace)

v

Stala komisia pre potraviny a zivocichy

v

Rada ministrov (90 dni) -




D.

legislativa

Znadenie produktov obsahujucich GMO: vyZaduje EU
legislativa
zahrnuje stopovatelnost od pola po policu
prah 0.9%

o1



5. legislativa

Direktiva 2015/412

OPT-OUT measures by Member States

CULTIVATION
v

CULTIVATION _ AN COMMISSIg
DIRECTIVE consistent ROPOSAL
entry into force 2 April 2015 set of rules gril 2015
v

v

MEMBER STATES MEMFER STATLS
TO DECIDE O DECIDE

ON CULTIVATION OF GMOs ON JSE OF GMOs FOR FOOD
ON THEIR TERRITORY »'{D FEED ON THEIR TERRITORY




D.

legislativa

Opt-out:

Rakusko, Valonsko, Skotsko, Wales, Severné irsko,
Bulharsko, Chorvatsko, Cyprus, Dansko, Francuzsko,
Nemecko, Grécko, Madarsko, Taliansko, Litovsko,

LotySsko, Luxembursko, Malta, Holandsko, Polsko,
Slovinsko

53
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