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Y10 TaKoe XuBble USMEHEeHHble Opl'aHVI3MbI?

B cooTtBeTcTBMM ¢ KapTaxeHCKUm MpoTokosiom no buobesonacHOCTH:
"}XMBOW U3MEHEHHbIN OpraHnam' o3Ha4vaet N10O0M KNUBOW OPraHU3M,
obnapatoLWwmimn HoBOM

KON\6VIH8LI,M€I‘/JI reHeTn4eckoro matepuania, I'IO!'IV‘-IEHHOVI 6narop,apﬂ
NCMOJ1Ib30OBaAHUIO COBpEMeHHOVI

bUoTEXHONOINU;
 "coBpemeHHasa bnorexHonorua" o3HayaeT NPMMeEHEHME:

* i.mMeToaoB in vitro ¢ NCNONb30BaHMEM HYK/IEUHOBbLIX KUCAOT, BKAKOYaA
PEKOMOMHAHTHYIO Ae30KcUpnboHyKnenHosyto Kucnoty (AHK) m
NPAMYIO MHBEKLUIO HYKIEUHOBbBIX KUCNOT B KNETKU N OPFraHenbl;
unu

* i MmeTonoB8, OCHOBAHHbLIX Ha CIMAHUU KNETOK OPraHM3mMoB C Pa3HbIM
TAKCOHOMUYECKNM CTAaTyCOM



MeTtoabl nonyyenusa rMoO

HOHVHEHME U30/INPOBaAHHOIO
reHa.

BBegeHune reHa B BEeKTop AN
nepeHoca B OpPraHn3sm.

NepeHOC BeKTOpa C reHOM B
Mmoanduumnpyembli OpraHnU3m.

MpeobpasoBaHue KneTok
opraHu3ma.

O160p reHeTNYECKH
MOANPULIMPOBAHHbBIX OPraHU3MOB
(TMO) n ycTpaHeHue Tex, KoTopble
He 6blan yCnewHo
MOANPULMPOBAHDI.




O630p meToa0B, NPUMEHAEMbIX B COBPEMEHHOM
BbnoTeXHO0TUN

» Hawnbonee pacnpoctpaHeHHbIN cnocob co3gaHusa KNO — 3To npumeHeHue
METOA0B in Vitro C NCNONb30BAHMEM HYKNEUHOBbIX KUCNOT: YAalEHUE UK
MmoanduKauma reHa Ambo nocnegosatenbHoctn AHK/PHK B opraHmMsme-
peununmueHTe Nam B poAUTENBCKOM OpPraHu3me.

*  XKMWMO Takke moryT 6biTb NPOU3BEAEHDBI NYTEM CAUAHUA KNETOK, Koraa
KNETKN ABYX PA3/INYHbIX OPraHU3MOB, OTHOCALLMXCA K Pa3HbIM
TAaKCOHOMMYECKNM CEMENCTBAM, CIMBAIOTCA M 0OPA3YyIOT OPraHU3Mm,
coaepallun reHeTUYECKYo MHGopPMaL Mo U3 0benx poanTebCKUX
Knetok. MNonyumslwimninca B pesynbrate NO moxKeT coaepKaTb MOHbIE
reHOMbl POAUTE/IbCKUX OPraHM3MOB UM YaCTU UX FTEHOMOB.
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O630p meToA0B NONAYYEHMUA H(Md
Splicing Genes Together 3

Employing genetic engineering, researchers can take certain genes from a &
source organism and put them into another plant or animal.

An Example of Genetic Engineering: e +
Scientists take Bacillus | w ﬂ
1 2 & l I I | 2
e
by

thuringiensis, a commonly
occurring soil bacteria...

—

P

...and use enzymes to remove <
from it the Bt gene, which pro~ ‘ ) .
duces a protein that turns toxic in : J
the digestive tract of caterpillars. e 7

= &
The Bt gene is then incorporated .
into the chromosomes of cotton ‘ N
and com, killing caterpillars that ’
feed upon these plants. 3

o



MeTtoabl, NOBCEMECTHO NPUMEHAEMbIEe ANA FreHEeTUYECKOMU
moanduKaumm pacteHmnm

Mocne naeHTUPUKALUKU UHTEPECYIOLLLETrO reHa 1 ero
U30/IMPOBAHMUA U3 OpPraHM3Ma-A0HOpPa OH NoABepraeTcs
NabopaTopHbIM MaHUNYNALMAM, KOTOPble NO3BONAOT YCMELIHO
BBOAMUTb €ro B 0TOOpPaHHbIN OpraHM3M-peLnmueHT.

OAMH NN HECKO/IbKO MHTEPECYIOLLIUX FTeHOB, a TaK¥Ke apyrue
HYKNeOoTUAHble nocaeaoBaTeIbHOCTU, Heobxoaumble And
Hagnexawero PyHKLUMOHMPOBAHUA UHTEPECYIOLLEro

reHa(oB), moryT 6biTb BbICTPOEHbI B YNIOPAA0YEHHOMN
nocnenoBaTeNbHOCTM B 'KacceTe ana TpaHchopmaumum»



«TpaHchopmaLMOHHAA KacceTa»

Kacceta gna TpaHchopmaLmm, Kak NpaBuao, BKAOYAET
"NPOMOTOPHYIO NOCNEeA0BaATENIbHOCTL' N '"TEPMUHUPYIOLLYIO
nocnepoBaTeNnbHOCTb', KOTOpPble HEObXoaAMMbBI ANnA
obecneyeHnss KOPPEKTHOM IKCMPECCUU FeHa B OpPraHmM3me-
peunnmeHTe.

B KacceTy anAa TpaHcdopmaumm HepeaKo BCTaBNAETCS
"MapKepHbIN reH", Npn3BaHHbIM NMOMOYb NAEHTUGULMPOBATD
n/nMnmn otobpaTb KNETKN UK ocobu, B KoTopble Bbina
yCcrnewHo BBeAeHa KacceTta(bl) Ans TpaHchopmaLUN.

N HaKoHeL,, KacceTa aAna TpaHchopmaLmnum MoxKeT bbiTb
BK/NtOYEHa B 6bosniee KpynHyto monekyny AHK ana
MCNONb30BAaHMA B Ka4yeCcTBe BEeKTopa. HasHavyeHne BeKTopa
COCTOMT B TOM, YTOObl NOMOYb NEPEHOCY KacceTbl A/
TpaHcopMaLMM B OPraHN3M-PELUNMNEHT.



NMpouecc TpaHchopmaLmnu

KacceTbl TpaHchOpMaLUM MHTETPUPOBAHbI B reHOM OpPraHM3Ma-
peunnueHTa NOCpPeaCcTBOM NPOLLecca, M3BECTHOFO KakK
mpaHcgopmayus. 3To MOXKeT ObITb BbINO/IHEHO C MOMOLLbIO
PA3/IMYHbIX METOA0B, TAKUX KaK MHPEKLIMA C NCMONb30BaHNEM
Agrobacterium, 6ombapouposka yacmuyamu unau
MUKPOUHbEKYUA.

3atem oTbupaloT TpaHcPOpPMUPOBAHHDbIE K/IETKU, HAaNpUmep. C
NOMOLLLLIO MAaPKEPHOro reHa u pereHepupytoT nx s *KMO.

Cneaylowmm sTanom ABAseTca AabHENLWN OTOOP
MoauPULUNPOBAHHBIX OPraHNM3MOB, KOTOPbIE COAEPXKAT
Kenaembln TpaHcreH(bl) nan moandpuKauuto, Nan NPOABARIOT
enlaemble XxapakTepucTtmku. bnarogapa otbopy mHorume
skcnepmumeHTanbHble KMO oTbpacbiBatoTCA, M NNLWLb HECKO/TBKO
CObbITHMIA MOTYT BbIMTU HA 3Tan KOMMEPLIMAN3ALUMN.



leHeTMuYecKaa mogudpuKkauma pacteHuin

Agrobacterium method Particle gun method
Agrobacterium Ti plasmid carrying Particles coated
tumefaciens \ desired genes o o s & with DNA encoding

o desired genes
Cocultivation of
Agrobacterium with
plant pieces

DNA transferred
to plant cells

integrated DNA
encoding desired genes

Shoot regeneration
followed by root
Cell multiplication (callus) regeneration Plant with new trait




STEP 1: Identify a trait of interest Search appropriate ‘a

/ _ environment I
> o

\ 24 3 Screen list of a
o iﬁ % ™ T chosen plants

Agricultural Need

STEP 2: Isolate the genetic trait of interest

Comparative analysis of
genomes to identify trait

Genetig trait is

cut and *ed a

into a pl id

using enzymes ' i

‘o > @
Plasmid inserted into
bacteria that then infects cells

Gene Gun shoots DNA coated
metal particles into seed

.
o

STEP 4: Growing the GMO 3 ’

Carefully controlled growth chambers are 4 e
monitored to ensure that the new GMO

grows and replicates. Ultimate growth

conditions are determined at this stage. ‘

»
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BcTtpanBaHue reHa

YT06b! BCTPOUTL FEeH B BEKTOP, MCMNO/Ib3YIOT GepPMEHTbI —
pecmpuKkmassl U AU2a3sl, TaKKe ABNAOLWMECA NOME3HbIM
NHCTPYMEHTOM FreHHOM NHKeHepuu. C NOMOLLbIO
PECMPUKMA3 TEH U BEKTOP MOXKHO pa3pe3amb Ha KYco4Kku. C
MOMOLLLbIO /1U2a3 TAKUE KYCOYKM MOXKHO «CK/Ieu8amsy,
COeAMNHATb B MUHOWN KOMBWHAL MU, KOHCTPYUPYA HOBbIW reH UAK
3aK/1Ilo4an ero B BEKTOP.

3a OTKpbITUE pecTpuKTa3 BepHep Apbep, [laHnen HataHc u
XammnntoH CMmuUT TakKe bbinn yaoctoeHbl Hobenesckomn
npemun (1978 r.).



bakTtepunanbHaa TpaHchopMmaLuUA

* TexHuMKa BBeAeHMS reHOB B bakTepum bbina pa3paboTaHa
nocne Toro, Kak ®pegepuk N(PUPPUT OTKPLIN ABAEHNE
6aKTrepmnanbHou TpaHchopmaummn. B ocHoBe 3TOro AB/IEHUS
NEXXNT NOSIOBOM MPOLLECC, KOTOPbIN Yy BaKkTepuUin
CONpoBOXAaeTca 0bmeHOM HebonblMMM dparmMeHTamm
HexpomocomHoun AIHK, nnasmmnaammn. MnasmuaHble

TEXHONOIMMN NErNnN B OCHOBY BBEAEHUA NCKYCCTBEHHbIX rEHOB
B OaKTepMasibHble KNETKM.



CnnaHue XMO-knetok /LMOs- cell fusion

MO MOXHO npoayunpoBaTb Aymem CAUAHUA KAeMOK, Koraa
C/INTble KNEeTKN N3 ABYX Pa3HbIX OPraHM3MoOB, KOTOPbIE He
OMHOCAMCA K OAHOMY U TOMY e TAKCOHOMUNYECKOMY
CEMEMNCTBY, CINBAIOTCA C 0Opa3oBaHMEM OpPraHM3ma,
coAeprKallero reHeTUYeckyto nHbopmauuio n3 obemnx
poAUTENbCKMX KNeToK. B pesynbtate KMO MOXKeT coaepKaTtb
NOJIHblEe TeEHOMbI POAUTE/IbCKUX OPraHU3MOB UM YaCTU UX
reHOMOB.

CnnsiHue KNeToK MoXKeT bbITb NPUMeEHEHO K 6aKmepuasibHbIM,
2pUbHbIM, pacmumesnbHbIM UaU HUBOMHbIM KAEMKAM,
MCNONb3yA Pas/INYHble METOAb! AN CTUMYAUPOBAHUA CANAHUA.



NMpumepbl KUO, ncnonbyembiX B KOMMEPUYECKUX Lenax

B 1978 roay nepBbit KOMMeEpPLMAaNM3nNpPoBaHHbIM MO bbbl Npon3BeAeH C
co3gaHuem wrtamma Escherichia coli, kotopbit npoayunpyet yenoBeyeckni 6enok
- UHCY/IUH.

B 1996 roay nepsble reHeTU4YeCKM moaUPULUPOBaAHHDbIE ceMEHA Dbl NOCAXKEHbI
B CoeanHeHHbIX LUTaTax Ana KOMmMmep4yecKoro ncrnosib3oBaHus.

B HacTosiLLLee BpeMs K Yncny Hanbonee pacnpoctpaHeHHbix TM KynbTyp,
MCNONb3YEMbIX B KOMMEPYECKUX LeNsix, OTHOCATCA COA, KYKYpy3a, XJI0NOK U
pancoBoe cems, NPOABAAIOLLME YCTOMUYMBOCTb K repbuumaam u/mnm cnocobHole
NPOM3BOANTb NECTULUAHbIE MPOTENHDI.

B 2009 roay Ko3a, KoTopaAa NpoM3BOAUT AHMUKOA2YAAHMHOE neKapcmeo oA
noaen, boina nepsbiM XNBOTHbIM KM, KoTopoe 6bi10 040bpeHo ANns
KOMMep4YecKoro nponssoacTea. Pbiba-3ebpa, cogepKallan reHbl
dbnyopecueHTHOro 6enka. KM-BaKUMHbI ANA NIOAEN U }KUBOTHbDIX.



B 2016 rogy 21-1 rog,
KOMMepLManmsaumm
bruoTexHonormyecknx Kynotyp, 185,1
MAH. lekTapoB 6MOTEXHOIOrNMYECKUX
KYNbTyp Obl/1 noca*keH npumepHo 18
MUNINoHamn pepmepos B 26
CTpaHax.

HaumMHaa c nepBoHa4YaibHOM NOCAAKM
1,7 mnH. Tektapos B 1996 roay, Korga
nepBsbi BUOTEXHO/IOTMYECKUIN YPOXKaM
6bln KOMMepuyManm3nposaH, 185,1
M/IH. [eKTapos, BblCaxKeHHbIx B 2016
roAy, ykasbiBaeT Ha yBenndeHue 8 110
pa3 (tabn. 1).

Takum obpasom, buotexHonornyeckme
KY/IbTYpbl cCYMTAtOTCA Hanbonee
6bICTPO NCMONb3YEMbIMU KYNbTYPaMMU
CEeNbCKOX03ANCTBEHHbIX KYNbTYp B
NCTOPUM COBPEMEHHOIO CE/IbCKOro
X03AMCTBa.

1.7
million
hectares

1996 2016
FIGURE 1. GLOBAL AREA OF BIOTECH CROPS, 1996 TO 2016 (MILLION HECTARES).
Source; ISAAA, 2016



Global Adoption of Biotech
Soybean, Maize, Cotton, and
Canola

The most planted biotech crops in
2016 were soybean, maize, cotton,
and canola. Although there was only
1% increase in the planting of biotech
soybean, it maintained its high
adoption rate of 50% of the global

biotech crops or 91.4 million hectares.

This area is 78% of the total soybean
production worldwide .
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Biotech crops

A significant increase of 13% was recorded for the global adoption rate of biotech
maize from 2015. Biotech maize occupied 60.6 million hectares globally, which was
64% of the global maize production in 2016.

Biotech cotton was planted to 22.3 million hectares in 2016, which indicates a
decrease by 7% from 2015. This reduction is attributed to the low global cotton
prices, which also affected the global planting of non-biotech cotton.

Biotech canola increased by 1% from 8.5 million hectares in 2015 to 8.6 million
hectares in 2016. This raise is attributed to the marginal increases in biotech
canola plantings in the USA, Canada, and Australia, addressing the demand for
edible oil.

Aside from soybean, maize, cotton, canola, and alfalfa, the following biotech crops
were also planted in different countries: sugar beet, squash, papaya, eggplant,
and potato.



The Global Value of Biotech Crops

e According to Cropnosis, the global market value of
biotech crops in 2016 was US$15.8 billion. This value
indicates that there was a 3% increase in the global
market value of biotech crops from 2015, which was
USS15.3 billion. This value represents 22% of the
USS73.5 billion global crop protection marketin 2016,
and 35% of the USS$45 billion global commercial seed
market. The estimated global farmgate revenues of the
harvested commercial “end product” (the biotech grain
and other harvested products) are more than ten times
greater than the value of the biotech seed alone.



