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MONITORING THE DISTRIBUTION OF TRANSGENES
FROM THE GENETICALLY MODIFIED RAPESEED LINE

Abstract. Use of the modern and high performance technologies in the agrarian industry has to become the
main priority for development of agro-industrial complex of our republic. One of such technologies is the genetic
engineering of plants. Creation and cultivation genetically of the modified cultures creates particular scratches,
mainly ecological and agrotechnical. As there is a potential possibility of transfer of transgenes to not the modified
grades and wild relatives due to repollination. The pollen transfer strongly depends on the geographic location of
plants and stay near wild relatives. In the Kazakhstan ecosystem rapeseed has a large number of relatives that
favorably affects a possibility of cross-pollination. In this regard decrease in a biodiversity of wild flora and fauna is
possible. Also such agrotechnical scratches as decrease in a biodiversity of cultivars, change of inappropriate signs
and properties, emergence of super weeds can take place. During the presented scientific work the Kazakhstan's first
practical monitoring of transfer of stranger genes from the genetically modified rapeseed to grades of rapeseed and
its relatives in the open environment was carried out.

Keywords: rapeseed, rape, mustard, genetic transformation, transfer of genes, gene expression.

Introduction. Genetic engineering of plants is the most effective way to obtain plants with desired
properties, which provides access to the endless gene pool, allowing the transfer of genes, both from one
plant to another, and from other organisms to plants.

The flow of genes from rapeseed can occur on a cultivated field or through a field over long distances
due to the spread of pollen or seeds. Unintentional spread of seeds sometimes occurs many years after
harvesting due to the germination of dormant seeds in the soil. It can also occur at a considerable distance
from farmed GM due to losses during transportation [20].

Influence of the genetic and modified rapeseed on grades and wild-growing flora is well studied in
world practice. Rapeseed is not a rigorous self-pollinator, and the value of cross-pollination can reach
30%. The entomophily given about the quantitative ratio or wind are absent, however both factors are
important and, perhaps, insects have key value. Depending on environmental conditions, a grade, design
of crops, a land relief emergence and frequency of a stream of genes of intraspecific crossing can change.

It is necessary to conduct in-depth studies of influence of the genetically modified plants on a con-
dition of components of concrete ecosystems as the problem of monitoring of environmental risks of
transgene plants more and more becomes aggravated in connection with development of genetic engi-
neering. It is necessary to consider genetic features of everyone of the modified plant new genetically at a
release in a surrounding medium and commercial use in specific conditions of this or that ecosystem.

In the presented work transfer of stranger genes from the transformed grades to routine grades and
their relatives on the example of rapeseed (Brassica napus) was studied. Various, carried-out in the world
tests show that the majority of crossings between plants happens at short distances, it is less than 10 m, in
certain cases cross-pollination is possible apart in 3 km from donors [6-9].

Objects of researches. Served as objects of researches - a working collection of seeds of summer
rapeseed: the grade (Brassica napus) with a reporterny gene 2GUS35S115x3GUS received from trans-
gene plants of 2015, grade rapeseed (Brassica napus), mustard Sarepta grades of (Brassica juncea), rape
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of a grade of (Brassica campestris) of the Russian selection are received from the All-Russian Research
Institute of oil-bearing crops of V.S. Pustovoyt; grades Gedemin and the Viking were received from RUP
"NAN Scientific and Practical Center of Belarus for Agriculture". Also wild rape and shepherd's bag
(Capsella bursa-pasroris). Designs with a target gene 2GUS35S115x3GUS pSS cloned in a binary
agrobacteriemic vector based on a commercial vector of pCambia2300, were received from Institute of
Molecular Biology and Biochemistry of Aytkhozhin of MAUN RK.

Methods of researches.

Receiving explant of rapeseed for the subsequent transformation. Seeds of rapeseed were sterilized
by serial washing in 70% an aqueous solution of hypochlorite sodium sodium/chlorate of five water, 70%
alcohol, distilled water (x3). The sterilized seeds were sowed on the environment 2 MS bezgormonalny
and are germinated within 7 days. In 7 days hypocotyls and kotiledona separately were sheared off and
incubated for 2 days on the MS environment with hormone 2,4D (1 mg/]).

Agrobacteriemic transformation of hypocotyls. Carried out an inoculation with the diluted suspension
of agrobacteria (0,8 lakes e. at OD600), pSS containing a binary vector with a target gene
2GUS35S115x3GUS within 10 minutes and a kokultivation on the MS environment with hormone 2,4D
(1 mg/l) 2 days. Then hypocotyls transferred to the MS environment with hormone 2,4D (1 mg/l) and
tsifotaksimy (500 mg/l) and 14 days with the subsequent transfer on the MS environment with BAP
hormones (3 mg/l) and zeatiny (2 mg/l), tsifotaksimy (500 mg/l) and Kanamycinum (40 mg/l) incubated.
The incubation on this environment was carried out prior to the beginning of a morphgenesis and an
embryogenesis and formation of plants. At formation of plants transferred to the MS environment with
BAP hormone (0,05 mg/l), tsifotaksimy (500 mg/l), Kanamycinum (40 mg/l). For acceleration of body
height of plants transferred to the MS environment (1% sucrose) with IMK hormone (5 mg/l), tsifo-
taksimy (250 mg/l) and Kanamycinum (40 mg/1).

Agrobacteriemic transformation of kotiledon. Carried out an inoculation with the diluted suspension
of agrobacteria (0,8 lakes e. at OD600) containing a binary vector of pSS with a target gene
2GUS35S115x3GUS within 10 minutes and a kokultivation on the MS environment with hormone 2,4D
(1 mg/l) 2 days. Then transferred and incubated on the MS environment with BAP hormone addition
(4,5 mg/l) and a tsifotaksima (500 mg/l) within 6-8 weeks, with replacement of the environment each
7-10 days before morfo-and an embryogenesis. Then transferred to the MS environment with BAP
hormone addition (0,05 mg/1), and Kanamycinum (40 mg/1) and incubated a tsifotaksim (500 mg/1) before
formation of plants. For acceleration of body height of a plant transferred to the MS environment (1% of
sucrose), IMK hormone (5 mg/l), tsifotaksimy (250 mg/l) and Kanamycinum (40 mg/1) [13, 14].

In a research used a reference medium of MS (Murashige and Skoog, 1962) [11].

Check of an insert and expression of an expression of a GUS gene. The expression of GUS of a gene
was checked by method the developed Jefferson [9].

The transformed cages were incubated in the histochemical buffer (0.1 M the phosphatic buffer,
0.1 M ferricyanide, 0.1% the Triton of H-100, 10.0 mm of EDTA, 20% a methanol, 1.0 mM 5-bromo-3-
indolyl-glucoronide (X-gluc, Clontech)) at a temperature of 37°C within 24 clocks. After that tests were
washed out in 70% ethanol before achievement of the complete transparence. The expression of a gene of
GUS is estimated visually on intensity of coloring of fabric at blue color. For check of an expression of a
GUS gene fabrics from leaves and stalks of plants were taken [11].

Receiving seeds from the transgene plants which are grown up in controlled conditions. Transgene
regenerant of in vitro with a reporterny gene of GUS were transferred to a soil in controlled conditions at
a temperature of 25°C, the illumination of 4 thousand luxury, humidities of 50%, the light period of
16 clocks in days before receiving seeds.

Crops and care of plants in field conditions. Crops of rapeseed, a rape and mustard field conditions
were carried out in Almaty region to the terms corresponding to area conditions on depth of 2 cm with the
subsequent rolling.

For synchronization of blossoming and larger probability of repollination seeds were sowed in the
following order: the first sowed rapeseed, in two weeks of rape and mustard. The experimental sites with
crops were systematically weeded and processed against wreckers the cruciferous .

Crops in field conditions of plants of rapeseed, a rape and mustard together with the received seeds
in 2015 having the reporterny GUS gen. Seeds from eight plants having a GUS gene expression were
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sowed in natural field conditions of Almaty region together with seeds cultural (rapeseed, rape and and
mustard) relatives.

Crops were carried out on 29.04.2015. For blossoming synchronization the first were sowed rape-
seed, then in two weeks were sowed a rape and mustard. Rapeseed seeds with a reporterny gene were
sowed in the center of a circle. Rapeseed seeds from the center were sowed, beginning from distance in
0,5 m. Crops of plants were made evenly on all area of a circle with the given radiuses. Seeds of rapeseed,
a rape and mustard as potential recipients, were sowed is focused on parts of the world (The North, the
South, the East, the West, the Northeast, the Sevoro-West, the Southeast and the Southwest). Rape,
mustard and rape were sown by 10 meter rays. 11 replications of Chris rapeseed and mustard Rocket,
10 replications of Golden rape. The scheme of crops is submitted in the figure 1.

14 Chris No27
(GUS)

1 — Mustard
2 Rocket
3 2 - Rapeseed
1 Chris

3 — Rape Gold

Figure 1 — The scheme of landing of plants on the experimental sites in Almaty region in 2015

Climate in the territory of the experimental site sharply continental. Winters cold and short, summer
periods hot and droughty. Long summer. Average temperatures in July are +22 ... +25 degrees. For all
calendar year about 250 mm of rainfall drop out. In the area the quite strong winds [gismeteo.ru] blow.

In close proximity with the experimental site there were 10 bee colonies (the North — 1 km), 8 bee
colonies (the South — 500 m), 5 bee colonies (the West — 1 km).

Harvesting according to the given scheme and selection of collected seeds on mediums with
Kanamycinum. The seed collection was carried out at the following time: rape and mustard - 07.21.2015,
rapeseed - 07.29.2015. In 2015 harvesting took place according to the following scheme:

1. Seeds of rapeseed, a rape and mustard were selected through each meter on 5 plants from each
beam, carried out marking similarly with rape.

Seeds of each collected plant were threshed and located in paper packages of the above-stated
marking, then from each bag took 30 seeds and placed on the selection MS environment with concen-
tration Kanamycinum 70 mg/l and put the corresponding marking and then placed on a prorashchivaniye
in the sveto-cultural room on the light mode 16/8 (day/night) at a temperature 25°C and humidities of
50%.

Selection of total DNA from plants [10]. Selection of DNA from plants was carried out with a
standard method STAV. Vegetable fabric was placed in a test tube like Eppendorf with a capacity of
1,5 ml; added 700 pl the extraction buffer; added 20 ul RNA elements and mixed, then incubated on a
water bath at 60°C within 10 minutes; added 700 pl chloroform and mixed 2-3 seconds. Contents were
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Figure 2 — The state of the field in Uzynagash at different time intervals:
A —10 week, b — 8 week, B - 6 week, I' — 4 week, /I — 2 week

centrifuged within 10 minutes at ambient temperature and 14000 rpm. Then a supernatant transferred to
other test tube and added 300 pl isopropanol, mixed, centrifuged within 10 minutes at ambient tempe-
rature and 14000 rpm and deleting supernatant liquid.

The deposit was washed out by 70% ethanol twice, as follows: added 800 pl 70% of ethanol, mixed
1 second, centrifuged 5 minutes at ambient temperature on 14000 rpm. Deleted over sedimentary liquid,
dried a deposit at ambient temperature of 10 - 15 minutes.

Added to the dried-up deposit 50 pl the deionized distilled water, 150 pl 4M of NaCl, 600 pl 70% of
ethanol, mixed and put in the deep freeze on - 70°C for 20 minutes, then centrifuged 10 minutes at am-
bient temperature and 14000 rpm, washed out 70% ethanol, deleted supernatant liquid and dried a deposit
at ambient temperature of 10-15 minutes, added 30 pl the deionized water, mixed 1 sec., checked a
spectrophotometer and left quality of DNA in the deep freeze on storages at - 200C.

Amplification of DNA by means of the polymerase chain reaction (PCR) [11]. For carrying out the
PCR-analysis prepared a reaction mixture of 20 Mk the following structure: 2 mxu the 10th the buffer for
a Tag-polymerase, 0,2 mxi 2,5mm the mixes dNTP, on 0,2 Mk mixes of primers, concentration 50 TMoJIB,
0,2 mkxn Tag-polymerases, 16,2 Mk waters.

Exemplars carried out through three corresponding temperature schedules specified in table 1.

Table 1 — Temperature modes of PCR

Stage Name of a stage Temperature Duration
Stage 1 Initial denaturation 94° 5 min., 1 cycle
The Denaturation - 94°C, annealing | The Denaturation — 30 sec., annealing
Stage 2 Denaturation of primers at 57°C, lengthenings of primers — 30 sec., lengthenings of a chain
of a chain a polymerase at 72°C a polymerase — 1 min. x 30 cycles
Stage 3 Final polymerization 72°C, then cooling up to 4°C 5 minutes
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Products of amplification divided in the elektroforezny camera 1,2% the TAE agarous gel the buffer
with addition bromic an etidiya.

Data analysis. Frequency of transfer of a transgene from the transgene site to the corresponding not
transgene plants were calculated by division of number of transgene plants on this site on total of the
tested seeds on this site and multiplication on total of the seeds which showed a positive take after the
analysis of PCR:

Frequency Quantity of the transformed plants on this site/meter The Common index of percent
transfer of a = Total of pl. his site/ X of transfer of a transgene
transgene otal of plants on this site/meter after the PCR-analysis

Generalization and assessment of results of researches.

Agrobacteriemic transformation of explant of colza a design with a target gene 2GUS355115x3GUS.
According to literary data for Brassic napus the revitalization system is adjusted on different fabrics of
plants: the microspores [12], hypocotyls [13-15], seven-shares [16, 17], plastids and protoplasts received
from sheet disks and kotiledon [18].

Promoter 35S is one of the most widely used, the very strong constitutive promoter responsible for a
transcription of all genome of CaMV. It is well-known thanks to its use in transformation of plants. It
causes high levels of an expression of genes in plants of bichromatic plants. 35S promoter was called
CaMV 35S promoter ("promoter 35S") as the coefficient of a sedimentation of a virus transcript which
expression, naturally, is caused by this promoter makes 35S. It was found in the early eighties by
Chua and the staff of the University of Rockefeller. The CaMV 35S promoter which is present at many
GM-plants is emitted from cauliflower mosaic virus DNA (Cauliflower mosaic virus (CaMV)).

In this experiment by us it was transformed by a target gene of GUS under 35S promoter in a binary
vector of pSS - 195 kotiledon and 230 hypocotyls of a grade Chris, 288 kotiledon and 270 hypocotyls of a
grade the Viking, 250 kotiledon and 206 hypocotyls of a grade Gedemin. Quantity of the transformed
explant and an induction of a morphgenesis and an embryogenesis it is presented in table 2.

Table 2 — Quantity of eksplant and plants

Types of explant The Grade Transformed explant Morphogenesis Transgene regenerate
Chris 230 209 5
Hypocotyls A viking 270 156 7
Gedemin 206 108 4
Chris 195 68 3
Seed leaves A viking 288 144 5
Gedemin 250 64 2

Apparently from the table 2, the most morfogenny and embriogenny appeared hypocotyls from 50 to
90% of explant, then, as cotyledons from 25 to 50%. At a stage of three sheets regenerant were cloned and
a final exit of plants to the transformed explant made 3,4 — 3,7% for hypocotyls and 2,4 — 2,8% for
kotiledon.

In the figure 3 the appearance of explant at an embryogenesis stage — after 7 weeks is presented from
the moment of an incubation and also transgene plants received on the 12th week after transformation.

Check of an insert and expression of a GUS gene. The received regenerant (table 2) were checked for
a gene expression by GUS method the developed Jefferson (1989). As showed the analysis, the gene of
GUS was successfully introduced in a genome of hypocotyls of rapeseed of a grade Chris (figure 3). The
expression of a gene of GUS was high, judging by visual assessment. Level of an expression could be
estimated, observing intensity of coloring.

Receiving seeds from the transgene plants which are grown up in controlled conditions. Thirteen
transgene GUS of plants of a grade Chris were transferred to a soil in controlled conditions (figure 5).
From 13 plants adapted in a soil 8 which proceeded to be cultivated before receiving seeds.
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a b

Figure 3 — Appearance of eksplant after 7 weeks from the moment of an inoculation with agrobacteria (A)
and regenerant of 12 weeks received later after an inoculation with agrobacteria (B)

Figure 4 — Expression reporter of a gene of GUS in transgene regenerant of rapeseed of a grade Chris

Figure 5 — Transgene regenerant Chris with a target gene of GUS replaced in a soil in controlled conditions
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Seeds of the received transgene plants, were sowed in natural field conditions of Almaty region
together with seeds cultural (rapeseed, a rape and mustard) relatives. For blossoming synchronization the
first were sowed rapeseed, then in two weeks were sowed a rape and mustard. Rapeseed seeds with a
reporterny gene were sowed in the center of a circle. Seeds of rapeseed, a rape and mustard as potential
recipients, were sowed is focused on parts of the world.

Harvesting according to the given scheme and selection of collected seeds on mediums with
Kanamycinum. In 2015 it was collected exemplars (1 exemplar — seeds from one plant with unique
marking): rapeseed — 360, a rape — 322, mustard — 312 (table 3).

Table 3 — Quantity of the exemplars collected from the experimental sites

Kind of plant 2015 rog
Rapeseed 360
Rape 322
Mustard 312

Exemplars of plants which were not tested on the selection environment during the experiment were
incinerated.

Definition on presence of an insert and an expression of a transgene of seeds of colza, the surepitsa
and mustard gathered during the experiment.

GM of a plant receive by different methods of transformation. Usually for transfer use a plasmid
which contains a gene which work gives to a plant the given properties, promoter which regulates inclu-
sion of this gene, terminator of a transcription which contains the selection gene of resistance to an anti-
biotic to Kanamycinum. Kanamycinum is often used as the selection marker for transgene plants.

For identification of the transformed cages it is necessary to be able to find the stranger DNA
integrating into genomic DNA of a plant. All this the reporters of genes which allow or to make selection
of the transformed cages demands application, or to estimate activity of the enzyme coded by them. In this
work the main stages of screening of this culture on the selection environment are considered and
optimized. The way of screening on the selection environment with Kanamycinum is offered. It is picked
up optimum concentration for seeds of rapeseed of 70 mg/l, and for seeds of mustard and a rape of 50
mg/l. Thus, the molecular and biological analysis showed that not all survivors when processing by plant
Kanamycinum with an insert of genes of GUS in a genome.

Seeds of the plants which passed a test on the selection environment were couched, was
emitted DNA for the subsequent definition of an insert. The design under 35S promoter therefore
for definition of an insert in estimated plants recipients the following primers for definition of presence
of the sequence of this promoter were taken was used for rapeseed transformation: direct -
5-ACTCTGAAAACGGGTCGATA-3', inverse 5S-CATCAATCCACTTGCTTTGA-3', at these sequences
of primers length of PCR of a product equaled 800 couples of nucleotides.

1 2 3 4 5 6 7 8 M 1 exemplars of rapeseed taken from distance of 10 meters
from the center of a circle, 2 - the rapeseed exemplars taken
from distance of 9 meters from the center of a circle, 3 - the
rapeseed exemplars taken from distance of 6 meters from the
center of a circle, 4 - the rapeseed exemplars taken from distan-
ce of 3 meters from the center of a circle, 5,6 - the rapeseed
exemplars taken from distance of 1 meters from the center of a
circle, 7, 8 — monitoring (GUS gene), M — a marker.

800 o= Figure 6 — Results of an electrophoresis
in 1,2% - number agarous gel of the DNA products
of rapeseed (NE direction) received
by the PCR method containing the sequence 35S of promoter
(exemplars from the field)
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In the figure 5 the fact of transfer of a gene of GUS from the rapeseed transformed to routine grades
is shown.

In 2015 screening on Kanamycinum of 312 exemplars of a rape, 322 exemplars of mustard and 360
exemplars of rapeseed from the experimental site in 2015 is carried out. From 312 exemplars of a rape
underwent screening on the selection environment with Kanamycinum 122 exemplars. Further PCR of
these exemplars with the primers specified earlier therefore 38 plants showed a positive take on presence
of the sequence 35S of promoter was carried out. From 322 exemplars of mustard underwent screening on
Kanamycinum of 129 exemplars which were checked for PCR similarly with exemplars of a rape, from
them 63 exemplars showed a positive take on presence of the sequence 35S of promoter. 147 plants drove
out of 360 exemplars of rapeseed after screening on the selection environment, 78 of them showed
existence of an insert of GUS after PCR (table 4).

To define a possibility of transfer of transgenes (%) cases of transfer of transgenes as equals
distances from the center of a circle with GM-rapeseed were considered. For determination of probability
of transfer of transgenes the quantity of the transformed exemplars on this site/meter was divided into
total of exemplars on this site/meter.

Table 4 — Definition of the repollinated exemplars 2015 with transgene rapeseed
by screening methods on the selection environments and PCR of the analysis

Type of screening on repollination Rape Mustard Rapeseed
Models in total 312 322 360
After screening on the selection environment 122 129 147
Percentage index of transfer of a transgene after screening on the selection environment 39,2 39,9 40,8
After carrying out PCR of the analysis 38 63 78
The common index of percent of transfer of a transgene after the PCR-analysis 12,4 19,7 21,7

Schematical representation of frequency of transfer of a transgene at exemplars from the field of
2015 is shown in the figure 7. It is shown that with increase in distance from the center of a circle the
frequency of transfer of a transgene decreases. The trendliniya which shows decrease in frequency of
transfer, with increase in distance also demonstrates to it.

20
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Figure 7 — Frequency of transfer of a transgene at exemplars from the field of 2015
From gold rape GM-rapeseed, mustard the Rocket and to rapeseed Chris

For determination of frequency of transfer of transgenes the possibility of transfer of transgenes on
this site/meter was multiplied by the common indicator of transfer of a transgene after PCR — the analysis.

Judging by emergence of events in all parts of the world, without the choice of a dominance of a
determinate direction, it is possible to tell that an important role in the course of transfer of a transgene is
played by such factors as a wind and insects. It is also possible to judge it from emergence of the isolated
and random cases of transfer of transgenes.
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In this work in field conditions the opportunity of transfer of transgenes inside between types of the
Brassicaceae family is shown. There was an exponential decline with increasing distance from the central
donor. These results will be coordinated with the results of researches which are carried out worldwide
and discussed in the literary review.

For the purpose of improvement of quality of indexes and receiving wider pool of data it is recom-
mended to make an experiment in other areas of the Republic of Kazakhstan and also to increase the
scale/area of the experimental site.

Conclusion. In course of execution of the project agrotransformation of hypocotyls and kotiledon of
rapeseed by designs with a target gene 2GUS35S115x3GUS cloned in a binary agrobacteriemic vector by
pSS based on a commercial vector of pCambia2300 was carried out. Regenerant of rapeseed of three
grades were received: Chris, the Viking and Gedemin who were checked for presence of an insert. Check
showed presence of an insert at 13 transgene regenerant of a grade Chris from which at transfer in a soil in
controlled conditions nine adapted. From seeds of thirteen plants received from regenerant with a GUS
gene expression 8 plants which seeds after a prorashchivaniye showed positive test for a GUS gene
expression were received.

The received transgene seeds as donors were sowed together with seeds of potential plants of
recipients, rape, mustard, rapeseed, a rape of a wild and shepherd's bag on the experimental sites Almaty
regions.

The crop according to the given scheme was reaped and screening on the selection environment and
PCR the analysis on presence of the sequence 35S of promoter, all exemplars of plants of recipients of a
rape and mustard, the Almaty experimental site is carried out.

Results of three-year experiments showed the frequency of possible transfer of genes, high up to
21,7%, for distance to 10 meters from transgene rapeseed to grades of rapeseed (Brassica napus) and up
to 12,4% of possible crossing with his relatives — mustard (Brdssica juncea) and a rape (Brassica rapa).
At the same time, apart to three meters the possibility of crossing with grades and relatives is practically
influenced by neither features of year of cultivation, nor a cultivation zone. In too time, perhaps high-
quality distinction influencing the free repollination, the bound to blossoming terms and also morpho-
logical features of flowers.

Thus results of experiments in open space the Almaty regions showed that transgene rapeseed is
freely crossed to not transgene grades and the close relatives of the Brassicaceae family (Brassica juncea,
Brassica rapa, Brassica campestris). For prevention of cross repollination gene-modified grades need to
be sowed separately from routine grades of rapeseed and its close relatives. Besides it is necessary to
carry out monitoring of grades of rapeseed and relatives on existence of transgenes at cultivation the
inorayonnykh of grades with use of the modern methods.

A. K. Enunosa, /. B. Boakos, M. X. lllamekoBa, K. K. ’Kambakun

PMK «OcimaikTepain OHOIOTHACH jkoHe OnotexHomorusicel HHCTUTYTE KP BFM FK,
Anmarsl, Kazakcran

I'EHETHUKAJIBIK MOAU®UIIUPJIEHI'EH PAIIC JINHUSAJIAPBIHAH
TPAHCTEHJAEPAIH TAPAJTY MOHUTOPHUHI'T

AnHoranus. Bi3niH pecrmyOnnkaMbI3na arpoOOHEPKICINTIK KEIISHAl JaMBITy YIIIH arpapiblK HHIYCTpUSOa
HETi3ri 0achIMIBIK OOMYBI KEpeK 3aMaHayHW »XOHE JKOFapIbl OCEepii TEXHONOTHIAPABI KOJNIaHy KaxkeT. OchI
TEXHOJIOTHSUTAPBIH Oipi ©CIMIIKTEPAiH ICHETHKAIBIK HHXEHEPUACH OOJIBIN TaObLIaAbl. I eHETHKAIBIK MOIUBHUIIHIP-
JICHT'eH JaKbUIIAP/Ibl JKacall HIbIFapy JKOHE oyap/bl ecipy Oenrimi Oip KayinTi TeHAipenai, KeOiHece HKOJIOTUSIIBIK
JKOHE arpOTEXHHUKAIBIK. TPAHCTCHACPAIH MOIUPHUITUPICHOCTEH CYPBINITApFa KOHE ONApAbIH kabalbl TypiepiHe
TO3aHAaHy eceOiHEeH TapallyJblH oJjeyeTTi MyMKiHzaikepi 6ap. To3aHHBIH aybICybl ©CIMIIKTEPIiH TeorpadusIIbIK
OpHAaJIaCKaH JKepi MEH KaKbIH MaHJIaFbl jkabaiibl Typiepre ete KaTThl Toyesui. KazakcTaHablK 3KOXYleae parncThiH
KeITereH >kabaifbl Typiepi Oap ’KoHe oyap ajlMachlll TO3aHAAaHy MYMKIHJIriHE KOJaiibl acepiH Turizeni. Ockiran
GaiinaHbICTHI Xxabaiibl (bopa MeH ¢ayHa almyaHTYpPJIUITiHIH TeMeHaey MyMKiHairi 6ap. CoHbIMEH Karap arpoTex-
HUKaJIBIK KaTepiiep OpHBI 00y MYMKIiH, OJlap €KIle CYpPBINTap/AblH aTyaHTYPJIUIriHIH TOMEH/EYi, MaKkcaTchl3 Oenri-
JIep/IiH >KOHE KacHeTTEepiH e3repyi, apaMIIenTepAiH maiaa 0oiysl. ¥ ChIHBUIFAH >KyYMbIC OapbickiHna Kasakcranga
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OipiHII peT ambIK OpTana TeHETHKAJIBIK MOIU(HUIMPICHTCH PAIlCTaH palc CYPHINTaphIHA JKOHE ONapAbIH >Kabalbl
TypiepiHe Oerne reHAepIiH TaChIMAIIaHYBIHBIH MPaKTUKAIBIK MOHUTOPHHTI JKYPTi3iireH.

Tyiiin ce3aep: parc, capent KhIlla CYPHIIEI, KbIMAadac CYpHINbI, TEHETHKAIBIK TpPaHC(HOpMAaNus, TeHASPIiH
TachIMaJJlaHybl, TeH SKCIPECCUSICHL.

A. K. Enusosa, /1. B. Boakos, M. X. lllamekoBa, K. 7K. ’Kambakuun
PI'TI «ucTuTyT Bronorun u 6uorexuonorun pacrernnity MOH PK, Anmarel, Kazaxcran

MOHHUTOPUHI' PACIIPOCTPAHEHUS TPAHCTEHOB
OT 'rEHETUWYECKH MOANP®UIINPOBAHHOU JIMHUU PAIICA

AnHoTanus. Vcrmomns3oBaHHE COBPEMEHHBIX W BBICOKOA((EKTHBHBIX TEXHOJOTHH B arpapHON WHIYCTPHH
JIOJDKHO CTaTh IVIaBHBIM IIPUOPHUTETOM ISl PAa3BUTHS arpONpPOMBIIUIEHHOTO KOMITIEKca Hamrel pecrryOmmku. Oqanm
U3 TaKUX TEXHOJOTHH SBIACTCS T'€HETHYecKas MHXeHepus pacTeHui. Co3naHue M BBIPAIMBAHUE T€HETHUYECKU
MOIU(UIMPOBAHHBIX KYJbTYp CO3A€T OIPEAEICHHBIE PHCKH, ITIABHBIM 00pa3oM 3KOJOTMYECKHE M arpOTEeXHH-
yeckre. [10ckobKy CymecTByeT NOTEHIMAIbHAas BO3MOXKHOCTH IIEPEHOCa TPAHCTEHOB K HE MOAMU(DUIMPOBAHHBIM
copTaM U JIMKUM COpOJIMYaM 3a CuUeT INepeonbuleHHs. TpaHcdep NbUIbIBI CHIIBHO 3aBHCUT OT Teorpaduyeckoro
MECTOIIOJIOKEHHS PACTEHUH W HaXOXJIEHHs1 BOJIM3U AMKUX copojuyeil. B ka3zaxcraHCKoil 3KocHcTeMe y parca ecTb
0O0JIBIIIOE KOJIMYECTBO COPOJMYEH, YTO OJIArONPHUATHO CKa3bIBAETCS HAa BO3MOXKHOCTH IIEPEKPECTHOTO ONbUICHHs. B
CBSI3U C 3TUM BO3MOXXHO CHI)KEHHE B OMOpazHooOpasznu aukoi (iopsl n dayHsl. Takke MOTYT UMETh MECTO TaKHe
arpoTeXHUYECKHE PUCKHU, KaK CHIDKCHHE OMOpa3Ho00pasus KyJbTypHBIX COPTOB, N3MEHEHHE HELEJICBBIX ITPU3HAKOB
U CBOMCTB, TOSIBIICHUE CyTIep COPHSAKOB. B X0/1e mpecTaBieHHON HaydHOI paboTsI OBLT IpoBeneH nepBhiii B Kazax-
CTaHEe MPAKTHYECKUH MOHUTOPHUHT MEPEHOCA UYXEPOAHBIX T'€HOB OT T'€HETHYECKH MOIM(UIMPOBAHHOIO parica K
COpTaM parica U ero CopoJryaM B OTKPBITON cpefe.

KarodeBble cioBa: parc, ropduiia capenrtckas, Cypenuia, reHeTudeckast TpaHcopmarusi, IepeHoc IeHOB,
9KCIIPECCHS T€Ha.
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