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1.MMO B mnpoBom cenbCKOM XO3AUCTBE
2.Y710 Takoe TMO? 2 «Mudbi» o TMO

3.Y1o0 aenatb c TMO?



1. TpaHCreHHble
PacTeHUA B MMPOBOM
ce/ZIbCKOM XO3fUCTBe



PocT npumeHeHnA TPaHCreHHbIX pacTeHUn B
MUPOBOM CE/IbCKOM XO3AMUCTBE

Mnaowaab 3emenb, Ha KOTOPbIX

Konunuyectso TPAHCreHHbIX COpPTOB
BO3A4€e/1biBalOTCA TPAHCreHHble pacteHuA
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From ISAAA Global Status of Commercialized Biotech/GM Crops: 2012




CooTHOLWEeHue naowagun semenb, 3aaHUMaeMbIX TPaHCreHHbiIMU U
HeTPaHCreéHHbiIMU BaPUaHTaMU COU, XJTIOMNMKa, KYKYPY3bl U panca.
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Figure 3. Biotech Crop Area as % of Global Area of
Principal Crops, 2015 (Million Hectares)

Global Hectarages Data for 2015 (FAO, 2013)

Source: Compiled by Chve James, 2015




bonbuwe Bcero MO Bbipawmsaetca B CLLIA, Ha BTOpom
mecTe bpa3sunua, 3atem ApreHTuHa, UHauAa n KaHaaa.

The five countries growing the most genetically modified crops

Area in million hectares

United States

Brazil

Argentina

India

Canada

Source: ISAAA




Global status of commercial GM crops

2001, by nullions of hectares
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0.2m

CrtroT,

SOy DEan T Maize
Costa Rica Colombia —

<0.05m

Cotron,
soyhean

<0.05m

Cotton

Bolivia

0.9m
SoyDean

Chile
<0,05m

Majize, soyDean,
cancla

Maize, soyean,
Canola, suzarbeat

Honduras

<0.05m

Germany

<0.05m

Potato

Czech Republic
<0.05m

Muaree
Portugal —

<0.05m

Muaree

Burldna Faso —

0.3m

oo

Paraguay
2.8m
Sovhean

Uruguay
1.3m
Sovbean,
maze

<0.05m

Potato

‘
Poland

<0.05m
| Maize
—— Spain Romania Slovalkia

0lm <0.05m <0.05m

Maize Maize Maize

Egypt
<0.05m

Maize

South Africa
2.3m

Maize, sovhean
cofton

China

3.9m

Cotton, papava, poplar,
tomata, sweel pepper

Burma
0.3m

Cotton
Philippines
0.6m

Maiwe

Aunstralia

0.7m

Cotton, canola




OKono 50% pblHKA TPAHCreHHbIX CeEMAH KOHTPONUPYIOT
aMepUKaHCKUe KOMNaHuM, KpynHenwmmm U3 KOTopbixX ABAAIOTCA
Monsanto n DuPont Pioneer

Who Owns the Seeds?

These 10 companies controlled 75% of the global proprietary seed market in 2011. MARKET
Monsanto (U.S.): $8.95 billion SHARE

26%
DuPont Pioneer (US.): $6.26

; 18%
Syngenta (Switzerland): $3.19
9.2%

4.8%
39%
3.6%
33%
31%
16%

16%
Source: ETC Group, Phillips McDougall Rani Molla/The Wall Street Journal

Highly concentrated seed market

Other companies Monsanto
24.7 26

Vilmorin (France) (Groupe Limagrain): $1.67
WinField (US.) (Land O Lakes): $1.35 (estimate)

Sakata 1.6 1§ KWS (Germany): $1.23

Bayer Cropscience (Germany): $1.14
Dow AgroSciences (U.S.): $1.07
Sakata (Japan): $0.55

Takii & Company (Japan): $0.55

Bayer 3.3

DuPont
Pioneer 18.2

Vilmorin4.8  Syngenta 9.2
Source: ETC Group (2013)




Haubonbliee Konnuectso moandmKaLmii OTHOCUTCA K NOBbILLEHUIO
YCTOMUMNBOCTU K repbuumuaam n uronatoreHam. 3HaUYUTENbHYIO
4YacTb COCTaBAAIOT MoAUPUKALMUN TOBAPHbIX KA4eCcTB NPOAYKTA.

CHARACTERISTICS OF FIELD-APPROVED
GM VARIETIES
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AHanuns 1783 pabot 3a nepuopg ¢ 2002 no 2012 He BbIABUA
yrpo3 co ctopoHbl FMO.
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An overview of the last 10 years of genetically engineered crop safety
research

Alessandro Nicolia'*, Alberto Manzo?, Fabio Veronesi', and Daniele Rosellini’

’Deparrm ent of Applied Biology, Faculty of Agriculture, University of Perugia, Perugia, Italy and 2Mim‘srry of Agriculture, Food and Forestry Policies
(MiPAAF), Rome, Italy

Abstract Keywords

The technology to produce genetically engineered (GE) plants is celebrating its 30th anniversary  Biodiversity, environment, feed, food, gene
and one of the major achievements has been the development of GE crops. The safety of GE flow, —omics, substantial equivalence,
crops is crucial for their adoption and has been the object of intense research work often traceability

ignored in the public debate. We have reviewed the scientific literature on GE crop safety
during the last 10 years, built a classified and manageable list of scientific papers, and analyzed
the distribution and composition of the published literature. We selected original research
papers, reviews, relevant opinions and reports addressing all the major issues that emerged
in the debate on GE crops, trying to catch the scientific consensus that has matured since GE
plants became widely cultivated worldwide. The scientific research conducted so far has not
detected any significant hazards directly connected with the use of GE crops; however, the
debate is still intense. An improvement in the efficacy of scientific communication could have
a significant impact on the future of agricultural GE. Our collection of scientific records is
available to researchers, communicators and teachers at all levels to help create an informed,
balanced public perception on the important issue of GE use in agriculture.
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2. Y10 Takoe TMO?



The Council of the European communities, 1990

GMO is “an organism in which the genetic material has been altered in a way that does not
occur naturally by mating and/or natural recombination”

®EAEPA/IbHbLIN 3AKOH
5 niona 1996 ropa N 86-93

O rOCYAAPCTBEHHOM PErY/IMPOBAHWUW B OBIACTU FTEHHO-UHXKEHEPHOW
AEATENBbHOCTU

«reHHO - UHXEeHepPHO - MoANDULIMPOBAHHbIM OPraHU3M - OPraHM3M UKW HECKOJIbKO
OpraHM3mMoB, Nt0boe HEKNETOYHOE, OAHOK/IETOYHOE UM MHOTOK/1IeTouHoe 0b6pa3oBaHue,
CNOCOBHbIE K BOCNPOM3BOACTBY UM Nepeaadye HacneACTBEHHOIO reHeTUYECKOro
maTepuana,
OT/INYHbIE OT NPUPOAHbIX OPraHNU3MOB,
NONYYEHHbIE C NPMMEHEHUEM METOA0B 2eHHOU UHMXeHepuu
N coAeprKallme reHHO - UHXXeHEePHbIN MmaTepuan, B TOM YUCAE TeHbl, UX GparMeHTbl Nu
KOMOWHALUWKU FEHOBY

«2eHHAasA UHX¥(eHepus - COBOKYMNHOCTb METOA0B N TEXHOIOTMUI, B TOM YNCNE TEXHONOTUMN
NoNy4YeHUA PEKOMOUHAHTHbIX PUOOHYK/IEMHOBbLIX N AE30KCUPUDOOHYKNENHOBBIX KUCIOT, NO
BblZE/IEHNIO FTeHOB M3 OPraHN3Ma, OCYLLECTBEHMUIO MAHUNYALNIN C FTEHaMWN N BBEAEHWUIO UX B
Apyrne opraHM3mbi»




YTo noanapaet noAa
onpeaeneHue MO?



CtabunbHasa TpaHchopmaLuua A4EepPHOro u
NAacTUAHOro reHOMa

Lienesoit reH (GOI)
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Mpoun3BoacTBO peKOMOUHAHTHbIX 6e1KoB Npu
NMOMOLLU TPAaH3UEHTHOM 3KCNpeccumn




Ucnonb3oBaHne BUPYCOB ANA HAapaboTKu
peKoMmbUuHaHTHbIX benKkos

Bupyc TabauHon mo3aunku

5'-kan pennukasa TPaHCNOPTHbIV Genok 6enok obonoyku
|

Bupyc Mo3auku KOpoBLEro ropoxa

PHK-1:

Ko-chakTop
PHK-nonumepasa renukasa NpoTenHasa nporeuHasbi
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CRISPR/Cas n apyrue TeXHUKu reHoOMHOro
peaaKTUpPoBaHUA U HanpaB/l1eHHOro myrtareHesa

Mopbop canTos-
MWILEHEN WU AM3aHH
gRNA jn silico

Go

£y
.~

[u3aiiH 1 cOopKa reHeTMYEeCKUX
KOHCTPYKLUMIA, copepawmx Cas9

n gRNA in vitro

MonyyeHve TpaHCHOPMUPOBAHHLIX TKAHEHN,
pereHepaLms NepeuUHbIX TpaHChOpPMaHTos
noATeepHAeHWe deHoTMna
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MonyyeHue pacTeHui
nokonexnuna T1, xapakTepucTuMKa
MYTaLMA M MX HACNeaoBaHus,
noaTeepKaeHue geHotTmna

Mo

|

/

MpoBepKa paboTbl meToaa in vivo
Ha KYNbTYPE KNETOK NPY NOMOLLX
TPAH3UEHTHOMW SKCNpeccum

OueHKa abpeKkTMBHOCTH
peaakTMpoBaHusa metogamm T7EL,
PCR/Re

CeKBeHWpoBaHuWe GpparmeHTOB-
MulleHen reHomHon fIHK,
XapPaKTEPUCTUKE MyTaLMK

OueHka Hecneynduieckon
aKTMBHOCTW: CEKBEHUPOBAHME
JIOKYCOB, MEILLLMX MOMOAOTMIO C
MULLEHAMM
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MonyuyeHune pacteHnit nokoneHus T2, oT6oOp BapuaHTOB, CBOBOLHbIX
OT reHeTUYECKMX KOHCTPYKLUIA, HO HECYLLMX LieneBble M3MEeHEHMA B reHome,
XapaKTepUCTUKA HacNeL0BaHMA MYyTaLLMiA
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G - reH, M - myTauwsa B reHe, T - TpaHcreH, 0 - oTCyTCTBME TpaHcreHa




- NO/1y4eéHHbIlIe C npyumeHeHnem metToaos8

reHHOM UHXXeHepuwu




Mouemy Hapopg 6outca MO

SRS v

: TOT CETAIT L
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- YTeuKa TpaHCcreHa B OKpyXXaloLlyio cpeay
- MO BbI3bIBaAOT annepruto
- TMO cnocobHbl MEeHATb HALUU reHbl



TpaHCreH yxoauT B OKpY»<aloLlylo cpeay

B CLLUA cBob6oaHopacTywmummn boiam obHapyKeHbl
pacTeHua KaHoAbl (panca), Hecywme TPaHCreHbl
Pa3HbIX KOMMepPYECKUX NPON3BOAUTENEN:

- YCTOM4YMBLIN K payHAany BapuaHT OT KOMMNAaHUK
Monsanto

- YctonumBblt K BASTA BapuaHT oT Bayer.

- A TaKKe nx rmbpuabl, yCTonumebie K 06omm
repbuumaam.

Gilbert, N. (2010) GM crop escapes into the American wild. Nature
http://dx.doi.org/10.1038/news.2010.393 2010

YTeuyKa TpaHcreHa B NpupoAHble Nonyasuum UAn HETPAHCreHHbIEe KyAbTypbl bbina
3apUKCMpPOBaAHaA Y parnca, X/I0MKa, KYKypy3bl U Fa30HHOM TPaBbl.

Cny4yamn 6b11m 3admnKenpoBaHbl B KaHage, LUBenuapum, AnoHumn, Mekcuke m CLLA.
Ryffel GU (2014) Transgene flow: facts, speculations and possible countermeasures. GM Crops Food 5:249-258




MO Bbi3blBaeT annepruio

- [Ng XTI -

Mouse
(SP2/0 - NSO)

O Gal ’NeuAc 4 Fuc $( Xyl

CprKTypa MUKaHOB 4YenogeyeCKnx aHtuten, CUHTe3INpoBaHHDbIX
B PA3HbIX IKCNPECCUOHHbIX CUCTEMaX

Gomord V., Fitchette A.C., Menu-Bouaouiche L. Saint-Jore-Dupas C., Plasson C., Michaud D., Faye L. Plant-specific glycosylation patterns in
the context of therapeutic protein production // Plant Biotechnol. J. 2010. V. 8. P. 564-587.
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Loos A., Steinkellner H. Plant glyco-biotechnology on the way to synthetic biology // Frontiers in Plant Science. 2014. V. 5: 523. doi:
10.3389/fpls.2014.00523




MO BansaeT Ha HALWUM FreHbl
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s Wellness-Style

[OE NPAYETCAH *TMO*
A oymar, cerofHA yxe He ONA KOro He CeKpeT, YTo NeHeETUYeCKM MoaugULMpoBaHHbIE
NpoOYyKTel ONACHB! 414 300p0BLA NIO4EN M BCEX HMBLIX OpraHM3mMoB Ha nnaHetTe. OcobeHHo
HErATMBHO OHW BO3OEWCTBY T Ha MMMYHHY D M Ha MOYENONOBYH CUCTEMEL.

yvaepoaHoe [IHK, nonanan B opraHM3m YyenoBeka C NUILEeH, BCackiBaeTCH C KMILEYHWKA B
KpPOBb M OTTy[a OHO CNOCODHO NPOHUKAaTL B N0DYI0 KNeTky OpraHM3ma u N3IMEHATL

OW4MBOCTb K aHTMOMOTHKaM.




Xnoponnact: HeT mexaHnamos PHK-uHTepdepeHuum, cnocobeH
AaKKYMy/ZIMpOBaTb AJIMHHbIE MOaIeKybl AByxuenoyeuyHou PHK.

Bbinn co3pgaHbl pacTeHUa Kaptodens, KOTopble HaKanaAMBaAU B

xnoponnacrtax anvHHyto guPHK, HaueneHHylo Ha reH 6eTa-akTUHa
KOZ1I0PaACKOro XyKa.
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Days of feeding

SClence Zhang, J. et al. Full crop protection from an insect pest

by expression of long double-stranded RNAs in
[, \IVNXM plastids. Science 347, 991-994 (2015)




3. Yto Ham aenatb c TMO?



Poccusa:
3AIMNPETUTD

CraTbto 21 depepanbHoro 3akoHa ot 17 aekabps 1997 roga N 149-d3 "O cemeHoBoacTBe"
(CobpaHue 3akoHopaaTenbctBa Poccuiickon ®epgepaumn, 1997, N 51, ct. 5715; 2011, N 30,
cT. 4596) AONONHUTB YaCcTbO YETBEPTOMN C/IEAYIOLLLErO CoOAepPHKaHUA:

"3anpewlaeTcsa BBO3UTb Ha Tepputoputo Poccuiickort deagepaumm n ncnonb3oBaTtb AN NOcCesa

(mocagkn) cemeHa pacTeHUI, reHeTUYECKasa NPOrpaMmma KOTOpPbIX M3MEHEHA C UCNO/1Ib30BaHMUE
METOA0B FEHHOMW NHMKEHEPUM N KOTOPbIE COAEPMKAT TEHHO-NHMKEHEPHbIN MaTepuasl, BHECEHUE
KOTOPOro HEe MOXKET ABAATLCA pe3y/1bTaTOM NPUPOAHbIX (eCTeCTBEHHbIX) NPOLECCOB, 33
NCKAOYEeHMEM NOCeBa (MOCaaKK) TaKUX CEMAH NPU NPOBEAEHNM IKCMNEPTMU3 U HAY4YHO-
nccnepoBaTenbCKmx pabor.".



http://ivo.garant.ru/#/document/12106441/entry/21
http://ivo.garant.ru/#/document/12106441/entry/2104

KoHeu 1980-x, 1990 roa: nonoxeHoO Hayano
KOHPAUKTY B peryanposaHumn MO

product-based process-based
“substantial equivalence” “precautionary principle”



Mup pasgennnca Ha I0CKYTHOe oaeAano no
NPU3HaKy CcTporoctn otHoweHua K MO

Table 1. Groups of countries clustered by level of GMO regulation restrictiveness.

Cluster Countries N. of countries GMQO index value
Hong Kong 1 0.10
Bangladesh, Peru, Sri Lanka, Turkey, Ukraine Venezuela 0.15
Israel, Jamaica, Kenya 0.20
Canada, Guatemala, Philippines, Singapore, South Africa, Taiwan, Vietnam 0.30
Thile, Tndia, Indonesia, Malaysia, Mexico, United States 0.35
Argentina, Thailand 0.40
Colombia, Bussia, Saudi Arabia, South Korea 0.45
Brazil, China 0.50
Australia, Switzerland 0.95
0.60
0.65

1
2
3
4
5
6
7
8
9

Morway, Poland, Spain, United Kingdom

L B L =~ T B % B

Germany, Greece, Ireland, Luxemburg, New Zealand, Romania, Slovakia,
Slovenia, Sweden

Estonia, Finland, Japan 0.70

Austria, Belgium, Czech Republic, Denmark, France, Hungary, Italy, 9 0.75
Metherlands, Portugal

Zambia, Zimbabwe 2 1.00
Notes: the GMO index is taken from Vigani and Olper (2013). Hong Kong and Taiwan have legislative autonomy, and for this reason

are treated separately from China.

Patterns and Determinants of GMO Regulations: An Overview of Recent Evidence Vigani M., Olper A. AgBioForum, 18(1): 44-54. ©2015
AgBioForum




l"llll‘

Both US and EU evaluate scientific research on:
Mutritional content
Environmental health

Human health E.U.

All GM foods are
regulated

European
Food Safety
Authority

Evaluates human
and environmental
risks of GM foods

Approval by European
Commission or a committee of

member states

All foods containing
more than 0.9% GM
material must be
labeled




«Mpouecc-opneHTUPOBAHHAA» KOHLUENLMUA: KaXKablii meTopa,
Heob6XoAUMO TPAKTOBATb C TOUKU 3PEHUA 3aKOHA, I MEHATb
3aKOHbI NO4 HOBble MeToAbl.

ZFN-;TALEN-;CRISPR/Cas9- Nuclease

ﬁ#....d-'-ﬁ.q—l--ﬁ-i\/’

‘ Double strand break induction

Added homologous
template

Targeted mutagenesis Targeted mutagenesis Targeted mutagenesis
Targeted gene
replacement




Pa3nnyHblie opraHusauum B EC
TPAKTYIOT 3aKOHbI NO-pPa3HOMY

BVL'

ZKBS?

NTWG®

EFSA*?

NGOs®

BFN’

SDN-1
SDN-2
SDN-3
ODM

RdDM

Interpretation

Non GMO
Non GMO
GMO

Non GMO*
n.d

Process/product

Non GMO
Non GMO
GMO
Non GMO
Non GMO
n.d

Non GMO
Non GMO
GMO
Non GMO
Non GMO
n.d

Non GMO
Non GMO
GMO"”
Non GMO
Non GMO
n.d

GMO
GMO
GMO
GMO
n.d

Process

GMO
GMO
GMO
GMO
GMO

Process

The classification refers to plants generated by using these techniques without stable integration of
recombinant DNA

SDN site-directed nucleases, ODM oligonucleotide-directed mutagenesis, RdDM RNA-dependent DNA
methylation, n.d no opinion given, GMO genetically modified organism, BVL German Federal Agency for
Consumer Protection and Food Safety, ZKBS Zentrale Komission fur biologische Sicherheit, NTWG New
technology working group, EFSA European Food Safety Authority. 7 BVL 2015d, 2 ZKBS 2012, 3 Lusser
et al. 2011, 4 EFSA 2012, 5 EFSA GMO unit 2015, 6 Kramer 2015, 7 Spranger 2015

* Serial steps should be considered separately

" Due to the known target site of the transgene lesser amounts of event-specific data might be necessary for
the risk assessment

Sprink T. et al. Regulatory hurdles for genome editing: process- vs. product-based approaches in different regulatory contexts // Plant Cell
Rep. Springer Berlin Heidelberg, 2016. Vol. 35, Ne 7. P. 1493-1506.




CRISPR corn: Dupont’s non-transgenic drought-tolerant
gene edited corn could be on sale soon

Alexandra Ossola | September 8, 2016 | Popular Science

H -+ 0N - 8@ « BEEa » 5

| [Rlesearchers at DuPont
Pioneer. . . have published a
study about a strain of corn
engineered with CRISPR to
be more resistant to drought.
Once it receives government

| approval, this could soon be
the first-ever CRISPR-
modified crop to go on sale.

=2
PRINTER FRIENDLY @

The technique outlined in

{ the study, published August
17 in Plant Biotechnology
Journal, is particularly

| difficult in plants, says Joyce
Van Eck, a professor at the
Boyce Thompson Institute. . .




Mpobnembl mexkayHapoaAHOU perynsauum HOBbIX METOA0B
ceneKkumnn pacteHuu
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CNnACHUBO 3A BHUMAHMUE




