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Abstract. The article presents an overview of the biogenic agro-ecological risks in crop production,
to reduce which it is possible to use biotechnological approaches. Ways to reduce the negative impact
of the two most common harmful objects, the colorado potato beetle (Leptinotarsa decemlineata Say)
and phytophthoras (Phytophthora infestans (Mont.) De Bary), which lead to significant losses of potato
yield, are considered. It is shown that the currently used methods of plant cell engineering (somatic hybridiza-
tion and microclonal reproduction) are environmentally sound biotechnological methods of controlling
black eye rot potato. The need to develop genetically engineered methods is associated with an exacer-
bation of biogenic agroecological risks, the reduction of which is an important approach is a proactive
introgressive breeding strategy based on cell engineering and molecular methods.
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AHHOTAIHUSA. HpI/IBeI[CH 0630p OHMOreHHBIX arposKOJIOTNUYECKUX PHUCKOB B paCTCHHUEBOJCTBE,
1A CHIDKCHUSA KOTOPBIX BO3MOXKHO HCIIOJIB30BAHUE OMOTEXHOIOTHIECKUX TIOaXO0ZI0B. PaCCMOTpeHLI IIyTH,
npemiaracMbIC COBpeMCHHOfI 6HOT6XHOHOFHeﬁ, JUIsL CHHDKCHHS HETaTUBHOI'O BJIMAHHA IBYX Haubojee
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PacrpoCTpaHEHHBIX BPEJOHOCHBIX OOBEKTOB: KOJIOpPAACKOTro xyka (Leptinotarsa decemlineata Say)
u purodropsl (Phytophthora infestans (Mont.) de Bary), npuBosiux K 3HaYUTEIbHBIM ITOTEPSM ypOXKast
kaproderns. [IpoBeseH aHaIN3 BO3MOXHBIX TTOTCHIIMATBHBIX PUCKOB, CBSI3aHHBIX C HCIIOIb30BAHMEM TPaHC-
TeHHBIX Oprann3MoB. [1oka3aHo, 4To IpHMEHsEMBbIE B HACTOSIIIEE BPEMsI METOABI KJIETOUHOH HH)KEHEPUH
pacTeHnit (comMaTH4ecKash THOpPUAN3ALHS U MUKPOKIOHAJIBHOE PAa3MHOKEHHUE) SIBIITIOTCSI SKOJIOTHYECKH
OITpaBJAHHBIMH OMOTEXHOJIOTHYECKUMHU crioco0amu 0opbObl ¢ Gurodropo3oM. IToTpedbHOCTE pazpaboTku
TEHHO-HHKEHEPHBIX METOJIOB CBsI3aHa ¢ 000CTPEHHEM OMOTEHHBIX arpOdKOJIOTHIECKIX PUCKOB, IS CHIDKEHHS
KOTOpPBIX 3P (EeKTUBHA CTPATETUs YIPESKAAIONICH HHTPOIPECCUBHOM CENICKIINK, OCHOBAHHOW Ha KJIETOYHO-
MHKEHEPHBIX  MOJIEKYJISIPHBIX METO/aX.

KiioueBble cj10Ba: OHOTCHHBIE arpOIKOIOTHUECKHIE PUCKH, MUKPOKIIOHATIEHOE Pa3MHOKEHHE, TPAHC-
reHHele pacreHust, Solanum tuberosum L., Leptinotarsa decemlineata Say, Phytophthora infestans
(Mont.) de Bary
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Potato productivity in the Republic of Belarus and Russia

Against the background of increasing potential risks due to adverse changes
occurring in the biosphere, one of the most important tasks is to obtain high crop yields.
Efficiency of all agricultural production directly depends on productivity of crop produc-
tion. A plant organism that can transform the energy of the sun into the energy of organic
compounds is a fundamental link in production of food, feed, raw materials, fuel, and
medicines. Intensification of crop production in modern conditions should be based
on a reasonable combination of traditional approaches with new technologies.

Potato (Solanum tuberosum L.) is the second most important agricultural crop
in the Republic of Belarus, only in the last five years slightly inferior to rapeseed.
The Brest region steadily ranks second in lands under potato in farms of all categories.
However, according to Belstat (Fig. 1), potato yields in the Brest region are reduced
in comparison with this indicator for the Republic of Belarus and a number of regions.

Problem of productivity in potato industry of the Republic of Belarus and Russia
is aggravated against the background of observed tendency to reduce sown areas. Bet-
ween 1995 and 2015, lands under potatoes in the Republic of Belarus decreased 2.3 fold,
in Russia — 1.6 fold and they continue to decline annually (Table 1). Performance
of potato production level, defined by the national doctrines of food security of the two
countries, is impossible without yield increase. Despite the growth of this indicator
in 2015 compared to 1995 (in the Republic of Belarus — by 48%, in Russia — by 34%),
the average potato yield in two countries is several times lower than the average value
for Western Europe (Table 2). According to statistics of the United Nations Food and
Agriculture Organization (FAO), in Germany and the Netherlands — the largest potato
producers among European countries — reduction of croplands over 20 years was not so
high, and since 2015 there is an inverse trend. The high average potato yield in these coun-
tries makes it possible to achieve significant productivity in relatively small lands.
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Fig. 1. Potato productivity in the Republic of Belarus
and the Brest region in 1995—2017, t/ha [1]
Table 1
Potato land dynamics in 1995—2017, thousand ha [2]

Country 1995 2000 2005 2010 2015 2016 2017
Russia 3390 2817 2273 2109 2112 2031 1889
Republic of Belarus 725 661 461 367 310 292 276
Germany 315 304 277 254 237 243 251
Netherlands 179 180 156 157 156 156 161

Tabnnuya 2
Potato yield dynamics in 1995—2017, t/ha [2]

A country 1995 2000 2005 2010 2015 2016 2017
Russia 11.8 10.5 12.4 10.0 15.9 15.3 15.7
Republic of Belarus 13.1 13.2 17.7 21.4 19.4 20.5 23.2
Germany 31.4 43.3 42.0 39.9 43.8 44.4 46.8
Netherlands 41.0 45.7 43.4 43.6 42.7 42.0 46.0
Western Europe 35.1 42.7 421 41.2 42.9 41.3 44.9

The problem of low potato yields in the Republic of Belarus and Russia, apart from
technological, organizational and economic factors, is directly related to the biogenic
risks of cultivating this crop. The shortage of potato harvest is due to the increasing
harmfulness of diseases caused by fungal, bacterial and viral pathogens, as well as
insect pests. We consider the methods proposed by modern biotechnology to reduce
the negative impact of the two most common harmful objects: the Colorado potato
beetle (Leptinotarsa decemlineata Say) and phytophthora (Phytophthora infestans
(Mont.) De Bary), which lead to significant losses in potato harvest.
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Biotechnological approaches
in the control of late blight

Late blight is one of the most harmful potato diseases. Blight affects aerial part
of plants and thereby reduces assimilating surface during tuberization, and also causes
rotting of tubers during storage. In the Republic of Belarus, strong outbreaks of the dis-
ease with 30...50% yield losses are observed every 2—3 years.

The main late blight control methods, actively used for several decades of XX cen-
tury and in the new century include cultivation of resistant potato varieties and fungicide
application. The latter method, despite its effectiveness, is unsafe for human health and
poses the problem of increasing chemical load on agrocenoses, and, as a consequence,
deterioration of ecological state of the environment. Therefore, for sustainable de-
velopment of potato growing in modern conditions, along with the use of effective
agrotechnical measures, the creation of new potato varieties highly resistant to P. Infes-
tans is required, which will significantly reduce chemical treatments during plant
vegetation.

Resistance to P. infestans of previously developed varieties was determined
by the presence of R genes transferred by the method of distant hybridization from wild
potato variety Solanum demissum [3]. However, high variability of P. infestans mani-
fested itself in formation of new pathogen forms capable of overcoming protective reac-
tions of resistant varieties based on S. demissum R genes. According to Yu.T. Dyakova,
frequency of spontaneous mutations in P. infestans at one locus per 1 ha reaches 1,000.
It is a high pathogen mutation rate that can provide the level of variability necessary
for all kinds of adaptations [4]. The process of variability has sharply intensified since
1984, when new phytophthora populations with two types of sexual process Al and A2
migrated from Mexico to the area of intensive potato cultivation [3]. The appearance
of the A2 type in the Republic of Belarus significantly aggravated harmfulness of late
blight, because racial composition became more complicated, spectrum of virulence
expanded, pathogen's aggressivity and its resistance to existing pesticides increased [5].

A promising strategy that opposes the rapid loss of potato resistance to late blight
is creation of new varieties that retain high resistance to many races of late blight
for a long time. Combination of several resistance genes from wild potato variety
in one plant (gene pyramidation) makes resistance long-term, since the totality of trans-
ferred genes provides recognition of various pathogen races. A change in the racial com-
position of the pathogen in agrocenosis will not lead to a significant decrease in the
productivity of plants with long-term resistance. Such selection is called proactive [6].
The effectiveness of potato introgressive selection can be improved by developing
a new source material with complex resistance to late blight both of the aerial parts
of the plant and tubers. A decisive role in increasing potato resistance to late blight
is played by a targeted search for sources of valuable genes using marker-associated
selection methods. Molecular markers make help to distinguish plant forms resistant
to different pathotypes of the same pathogen, which significantly accelerates selection
of resistant genotypes and their inclusion in the breeding process.
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Interspecific hybridization has been used in practical potato selection for several
decades. Moreover, the transfer of resistance genes from wild species of the genus
Solanum, growing in the Americas, to S. tuberosum during sexual hybridization is limited
due to physiological and genetic incompatibility. Overcoming incompatibilities with
the distant hybridization of cultured tetraploid potatoes with wild-growing species
became possible thanks to the development of a number of biotechnological methods.

The method of somatic hybridization is based on the fusion of protoplasts isolated
from somatic cells of various plant species under in vitro conditions. Somatic hybridi-
zation bypassing sexual process allows developing new source material (complex inter-
specific hybrids of three or more parent cells) with valuable traits from wild species
to expand the genetic potential of potato breeding. The advantages of somatic hybridi-
zation include combining in one genome not only cultivated potato genes and phylo-
genetically distant wild relatives, which have more than 230 potatoes, but also cyto-
plasmic organelle genes (mitochondria, plastids), which ensures developing of qualita-
tively new interspecific hybrids [7]. Interspecific somatic potato hybrids are obtained
in many countries, among which the Republic of Belarus. Somatic hybrids with 10 wild
potato species inaccessible for sexual hybridization have been developed at Scientific
and Practical Center for Potato, Vegetable and Fruit Growing (National Academy of
Sciences of Belarus) by somatic hybridization. Despite the attractiveness of somatic
hybridization, development of plant varieties, including potatoes, obtained on the basis
of somatic hybrids, remains a rare phenomenon, since there is a problem with fertility
of somatic hybrids and their ability to generate viable offspring when crossed with
cultivated potatoes [8].

Another environmentally effective biotechnological method of controlling tuber
blight, which reduces quality of planting material during storage, is the method of micro-
clonal propagation of test-tube plants, which allows to obtain in sufficient quantities
material free from fungal, and viral pathogens.

Microclonal propagation makes it possible to obtain genetically identical clone
plants under in vitro conditions. It includes three stages: introduction of a cloned plant
into explant culture; plant regeneration and its propagation in the required number
of copies; stimulation of root formation in microplants and their adaptation to in vivo
conditions. Obtaining healthy potato microplants starts in the first year according
to a four-year seed-growing scheme of virus-free potato planting material. Breeding
institutions organize this work. At the first stage, tubers are taken from obviously healthy
plants and germinated. An apical meristem is isolated from sprouts under aseptic condi-
tions and cultivated on nutrient media in phytotrons with controlled light and tempera-
ture conditions. Plants regenerated from the meristem are propagated by multiple cuttings
according to the number of internodes to the required number of copies. Diagnosis
of pathogen presence is mandatory. Healthy potato test plants are transferred to seed
farms for mini-tubers, super-super elites and super-elites. The considered biotechno-
logical approach, based on apical meristem method, is, in fact, a supportive selection
and, being widely introduced into practice, makes it possible to annually provide farms
with pathogen-free, high-quality potato planting material.
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Decoding of S. tuberosum and P. infestans genomes increased possibilities of genetic
engineering to create genetically modified potato varieties with increased resistance
to late blight. To transform potatoes with genes of closely related wild-tuberous forms
of Solanum (section Petota Dumort.) a new term “cisgenesis” was proposed, which
is designed to distinguish such forms of potato from genetically modified organisms
obtained using foreign genes [9].

Biotechnological approaches
in controlling Colorado potato beetle

Besides phytophthora, Colorado potato beetle, which can damage up to 40% yield
in favorable years, is a serious biogenic risk for potatoes. Despite the rapid development
of science, Colorado potato beetle still remains a harmful potato pest, and considerable
funds are spent on combating it. Colorado potato beetle belongs to the objects of external
and internal quarantine in the Republic of Belarus. It is very difficult to control it due
to high fecundity, ability to go without food for a long time, fall into diapause for a long
time, and travel considerable distances. In addition, Colorado potato beetle has few natural
enemies, since eating Solanaceae plants containing poisonous solanine, Colorado beetles
become poisonous to them. Complicating the fight against potato pests is the fact that
with the beginning of spring, beetles wintering in soil come to soil surface not at the same
time, but at intervals. In addition, some females overwinter already fertilized and imme-
diately after reaching soil surface begin to lay eggs. Due to the climatic conditions
of Belarusian Polesie, number of generations of Colorado potato beetle can be increased
to three, which can further determine the duration of its harmfulness.

The traditional approach to reducing potato crop losses from the pest is chemical
control methods. However, the use of chemicals against Colorado potato beetle causes
the insect to quickly get used to the poison and also contributes to the preservation
of more stable individuals that give more viable offspring. Over the past decades
in the Republic of Belarus there has been an increase in number of Colorado potato
beetle, a change in some bioecological features of pest development due to varying
weather conditions of growing season, and formation of resistance to chemical agents.
In this situation, microbiological agents and plant extracts for controlling Colorado
potato beetle are considered to be the most suitable [10]. Most existing and newly
developed microbial agents are based on strains of Bacillus thuringiensis soil bacterium,
which is capable of producing Bt-toxin. This toxic protein differs depending on B. thu-
ringiensis subspecies, therefore it has a high selectivity and allows to adjust the number
of only certain insect types. When bacteria are consumed by susceptible insects, secreted
Bt-toxin becomes active under the action of enzymes in alkaline conditions of digestive
tract. In the active form, the toxin specifically binds to the receptors of epithelial cells
and causes their destruction. Insects stop feeding and soon die, and Bt-toxin is destroyed
in the sunlight. Bt-toxin does not have a negative effect on warm-blooded animals.

The development of genetic engineering methodology became it possible to detect
and isolate genes encoding Bt-toxins, their modification and transfer to the plant genome.
The first publications on practical developments in transferring potato varieties into
transgenic status appeared in the early 90s of XX century. In particular, one such publi-
cation showed that genetically improved plants of the Russet Burbank potato variety
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contained a modified bacterial gene, B. thuringiensis var. tenebrionis encoding the con-
trol protein L. decemlineata Say, and were not damaged by Colorado potato beetle
in the laboratory [11]. In transgenic varieties, the Bt-toxin gene is found in all cells, which
means that it is able to express constantly, which allows the plant to protect itself from
Colorado potato beetle and its larvae throughout the growing season. In all other
respects, the transgenic variety does not differ from the original unmodified variety.
In a review of biotechnological achievements of the first decade in crop production, it
was noted that among other crops for which field trials and commercialization of trans-
genic plants were carried out from 1986 to 1995, potatoes accounted for 11% [12].

The profitability of growing genetically modified plants on an industrial scale was
immediately evaluated by companies in the USA, Argentina, Brazil, Canada, and India,
which since 1996 have remained the undisputed leaders in expanding cultivated areas
and a specific assortment of genetically engineered crops. According to the International
Service for the Acquisition of Agribiotech Applications (ISAAA), in 2016 the cultivated
area under genetically engineered crops in the world reached 185.1 million hectares,
an increase of more than 100 times over ten years (for comparison, 1.7 million ha
in 1996) [13]. The commercial benefits from genetically modified plants, due to increased
yields while reducing chemical means of protection, as well as issues related to develop-
ment of effective measures to maintain sustainable development, economic stability,
encourage scientists from different countries, including the Republic of Belarus, to con-
duct research on genetic improvement of crop varieties of domestic selection. Such
varieties form the basis of varietal resources of the country and compares favorably
with their foreign counterparts, especially in terms of their adaptability to growing con-
ditions, diseases resistance, and other characteristics.

The directions of research on genetic engineering of potatoes, carried out in scien-
tific institutions of the Republic of Belarus, include the developing of transgenic lines
based on Skarb Belarusian variety having resistance to Colorado potato beetle, as well
as to late blight. In 2014—2015, the genetically engineered potato line resistant to Colo-
rado potato beetle and developed at the Institute of Genetics and Cytology of the Na-
tional Academy of Sciences of Belarus, was tested in an experimental field that met
safety requirements. The transgenic line was obtained by introducing the Cry3aM gene,
whose donor was bacterium B. thuringiensis var. tenebrionis, into the potato plant
genome, under the control of the CaMV 35S promoter from cauliflower mosaic virus.
The foreign gene expresses the Bt-endotoxin protein, which exhibits insecticidal proper-
ties against Colorado potato beetle and does not affect other insects.

Assessment of potential risks associated with the use
of transgenic organisms in the Republic of Belarus

Considering the short global practice of using genetically modified plants, as well
as the fact that potatoes are a significant food crop for consumers, safety of its geneti-
cally modified varieties should not only be ensured by scientists, but also guaranteed
at the state level. In the Republic of Belarus for the period following the accession
in May 2002 to the Cartagena Protocol on Biosafety to the Convention on Biological
Diversity, a National Security System was created that included legislative and regulatory
components to regulate safety of genetic engineering activities and aimed at protecting
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human health and the environment. The legislative acts are aimed at creating the legal
and organizational foundations of safety carried out in research institutions, as well as
at an objective assessment of potential risks of genetically engineered organisms that
are only released for environmental tests in the field and to the market.

Under Belarusian law, the procedure for assessing environmental risks and risks
to human health is carried out twice. For the first time, the standard risk assessment
procedure [14] is carried out before the genetically modified organism is released into
the environment for testing on specially equipped experimental fields that meet world
biosafety requirements. For this, the applicant scientific organization submits to the ex-
pert council of the Ministry of Natural Resources and Environmental Protection a full
study on the risk assessment of the possible harmful effects of the developed genetic
engineering organism, which is further evaluated by experts from among scientific
institutions competent in this field. After it is considered at a meeting of the expert
council of the Ministry of Natural Resources, at which it is decided whether or not
the release of such an organism is permissible. Risks are reassessed before releasing
genetically modified organisms into agricultural production. Genetically engineered
organisms that have undergone a full cycle of research and are admitted to the market
should not have negative effects on human health. All information on risk assessment
is freely available on the website of the National Biosafety Coordination Center of the
Republic of Belarus (http://www.biosafety.by). The National Biosafety Coordination
Center was established in 1998 with the aim of ensuring the effective participation
of the Republic of Belarus in solving the global problem of preserving biological diver-
sity and coordinating activities related to the safety of using the achievements of modern
biotechnology.

Conclusions

The current global trend in the development of plant protection methods is asso-
ciated with increasing developing and implementation of transgenic organisms, the ge-
nome of which contains foreign genes to ensure their resistance to insect pests and
pathogens. The use of genetic engineering methods aimed at reducing biogenic agroeco-
logical risks, in turn, raises concerns related to the ability of genetically modified
organisms to have an adverse effect on conservation and sustainable use of biological
diversity, and human health risks. It should be noted that the gene itself does not carry
risks, since it consists of a sequence of nucleotides that are the same in all living
organisms. Potential risks may arise due to the non-specific insertion of a new gene
into the plant genome, i.e. insertion can occur anywhere in the DNA. The result of
the insertion can be both favorable and undesirable consequences. If a foreign gene is
inserted into a region of DNA that already encodes a gene, this can lead to its silencing,
and, as a result, to termination of synthesis of a certain substance, which should not be
observed when a new gene is inserted into a silent part of the genome. If the initial
unmodified organism, into which the new gene is transformed, initially has undesirable
traits, then with the integration of the gene such properties can be enhanced. That is why
it is imperative that when assessing risks to human health, allergological and toxico-
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logical specialized tests are carried out, including animal studies. At the same time,
the duration of the research will be increased if the parent organism, in which the new
gene is inserted, is initially allergenic, has an increased level of anti-nutritional substances
(e.g. soy), since after gene inserting, they can increase. It is also imperative to develop
a molecular method that can effectively identify and track in the future the distribution
on the market of a genetically modified organism and products derived from it. Cur-
rently, there are 18 specialized laboratories for detection of genetically modified
organisms accredited by state or international standards in the republic. Another group
of potential risks is associated with the safety of using genetically engineered organisms.
Since transgenic plants begin to multiply in the environment, the risks associated with
the consequences of transgene transfer during pollination for closely related cultural
and wild species should be evaluated. Therefore, the transgenic organisms being
developed undergo mandatory expert assessment, which involves consideration of all
potential environmental and human health risks that may appear after insertion of a spe-
cific new gene and the new sign that will appear. When transgenic plants are released
into the environment, there must be full scientific certainty about absence of threat
of serious or irreversible damage. Summing up the issue of potential risks associated
with the use of organisms and products of genetic technologies, we would like to note
that all transgenic potato lines obtained in the Republic of Belarus are tested in laboratory
conditions and on experimental fields that meet safety requirements. Since potato is
an introduced species for Belarus, there is no possibility of uncontrolled transfer of its
genetic material, including and transgenic, wild plant species growing in natural bioce-
noses. The need to use genetic engineering methods is associated with an exacerbation
of biogenic agroecological risks, which can be reduced through the strategy of proactive
introgressive selection based on cell-engineering and molecular methods.

Mpo6Gnema ypoxaitHocTu B kapTodeneBoacTee
Pecnyonuku Benapycb u Poccun

Ha ¢one Bo3pacTaromux MOTeHIUAIBHBIX PUCKOB, 00YCIIOBICHHBIX HEOIaronpu-
ATHBIMH U3MEHEHHSIMH, IPOUCXOSIIIMMU B Orocepe, OAHON U3 BaKHEHUIINX 3a/1a4
SIBJISIETCSI TTOJTyYEHUE BBICOKUX ypOXkKaeB pacTeHUi. OT NPOAyKTUBHOCTH PAaCTEHUEBO/-
CTBa HAIIPSAMYIO 3aBUCHUT 3(P(HEKTUBHOCTH BCETO CEIbCKOXO35IMCTBEHHOIO IIPOU3BO/ICTBA.
PacturenbHbIN OpraHnu3M, CIIOCOOHBIN TPaHC(OPMHUPOBATH SHEPTUIO COJHIA B SHEPTUIO
OpPraHMYECKUX COEIMHEHUM, — OCHOBOIIOJIATAIOIIee 3BEHO B IOJTY4YEHUH MPOAYKTOB
MUTaHUS, KOPMOB, CHIPBSI, TOIUINBA, JIGKAPCTBEHHBIX cpeacTB. HTeHCH(UKanus pac-
TEHHEBOJICTBA B COBPEMEHHBIX YCIOBHAX JIOJDKHA 0Aa3MPOBATHCS HA Pa3yMHOM COYETa-
HHUU TPAJAULUOHHBIX [TOJIXOJ0B C HOBBIMHU T€XHOJIOTHSIMH.

Kaprodens (Solanum tuberosum L.) — BTopast o BaXKHOCTH CEITLCKOXO3IHCTBEHHAS
KyneTypa B PecrryOnuke benapych, nuiib B MocieqHUe MATh JIET HE3HAYUTEIBHO YCTY-
naromias pancy. bpecrckast 00nacTe cTaOMIBHO 3aHMMAET BTOPOE MECTO IO ILIOLIAIH,
3aHATOMW IO BBIpAIMBaHUE KapToders, B X035HCTBaxX Bcex Kareropuil. OnHaKo, 1o AaH-
HbIM bencrara (puc. 1), ypoxaitHocTh Kaproderns B ycioBusx bpectckoit 061acTu cHuke-
Ha B CPaBHEHMH C JIaHHBIM TOKa3areseMm 1o Pecnybnuke benapych u psigy obmacrei.
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Puc. 1. YpoxaiiHocTb kapTodens, T/ra, B Pecnybnuke benapycb

n Bpectckom obnactn ¢ 1995 no 2017 rr.
(cocTaBneHo aBTOPOM Mo JaHHbIM [1])

Tabnmua 1
JAnHamMuKa noceBHbIX nnowaaein kaptodens, Tbic. ra, B Bbioopke ctpaH ¢ 1995 no 2017 rr.

CtpaHa 1995 2000 2005 2010 2015 2016 2017
Poccus 3390 2817 2273 2109 2112 2031 1889
Pecnybnuka 725 661 461 367 310 292 276
Benapycb
FepmaHus 315 304 277 254 237 243 251
HupepnaHgbl 179 180 156 157 156 156 161

CocTaBneHo aBTOPOM MO AaHHbIM [2].

Tabnmuya 2
JAnHamMuka ypoxxailHocTu kaptodens, T/ra, B Bbioopke ctpaH ¢ 1995 no 2017 rr.

CtpaHa 1995 2000 2005 2010 2015 2016 2017
Poccus 11,8 10,5 12,4 10,0 15,9 15,3 15,7
Pecnybmika 13,1 13,2 17,7 21,4 19,4 20,5 23,2
Benapycb
FepmaHus 31,4 43,3 42,0 39,9 43,8 44,4 46,8
HwaepnaHgpl 41,0 45,7 43,4 43,6 42,7 42,0 46,0
3anagHas EBpona 35,1 42,7 421 41,2 42,9 41,3 44,9

CocTaBneHo aBTOPOM MO AaHHbIM [2].

[TpobGnema yposkaiiHocTH B KapTodeneBoaueckoi orpociu Pecriyonku benapych
u Poccun ob6octpsercs Ha ¢poHe HaOII01aeMOM TEHACHIIMY K COKPAIICHUIO TIOCEBHBIX
mwiomaned. B mepuonx ¢ 1995 mo 2015 rr. 3annMaembie kapTodeneM miomaan B Pec-
nyomuke benapyck ymenbnmwmck B 2,3 pasa, B Poccun — B 1,6 pasza u npo1oynkaroT
©XeroHo cokpamarbes (Tabdn. 1). BeimonHenne o0beMOB COOCTBEHHOTO MPOU3BO/I-
CTBa KapTodens, OrpeeIeHHbIX HAIMOHATBHBIMU JIOKTPUHAMH TPOJOBOJILCTBEHHOM
6e30macHOCTH JABYX CTpaH, HEBO3MOXKHO 0€3 MOBBINIEHUs YpokaiHOCTH. HecMoTps
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Ha pocT JaHHOro nokasarens B 2015 r. mo orHomenuto k 1995 r. (B Pecny6nuke bena-
pycs — Ha 48%, B Poccun — Ha 34%), cpennsisi yposkaiiHOCTh KapToders B IBYX CTpa-
Hax B pa3bl MEHbIIIE, 4YeM Cpe/iHee 3HaueHHe 1o cTpaHaM 3amnaanoi Espomnsl (Tad:m. 2).
Kpome Toro, kak 1mokaspIBaroT MpUBEACHHbBIC B TAOIHIAX cTaTUCTHYECKUe AaHHbIe [1po-
JIOBOJIBCTBEHHOM U cenbekoxossiictBenHoi opranmzanuun OOH (FAO — Food and
Agriculture Organization), B 'epmanuu n Huneprnannax — KpyHHBIX IPOU3BOIUTENAX
KapTodens cpeau EBponelickux cTpaH — CHMKEHHE MOCEBHBIX Tuiomaaei 3a 20 net
OBLIO HE CTOJIb BBICOKMM, a HaunHas ¢ 2015 r. mpociexuBaercst 0OpaTHas TeHICHLIUSL.
Beicokue cpeHye nokasaresy ypoxKaiHOCTH KapTo(esns B JaHHBIX CTPaHax IMO3BOJITIOT
JOCTUTATh 3HAYUTEIHHOW MPOU3BOJUTEIBHOCTH HA CPABHUTEIBHO HEOOJBIINX ITOCEB-
HBIX TUIOIASIX.

O6o3nauenHas mpobieMa HU3KOU ypoxkaiiHocTu kapTodens B PecrryOnuke bena-
pych u Poccuy MOMHMO TEXHOJOTMUECKUX M OPTaHMW3allMOHHO-9KOHOMUYECKUX (haKTo-
POB HaNPSMYIO CBsi3aHAa C OMOTCHHBIMU PUCKAMH BO3/ICJIBIBAHUS TAHHOW KYJIBTYPHI.
HenoGop ypoxkas kaptodenst o0ycioBieH HapacTaHHEM BPEJOHOCHOCTH psaa 3a00-
JIEBaHUM, BBI3bIBAEMBIX I'PUOHBIMM, OaKTepUATbHBIMU U BUPYCHBIMHU IATOIE€HAMH,
a TaKKe PacrpOCTPaHEHHOCTHIO HACEKOMBIX-BpeaHTeNei. PaccMoTpuM mpeiaraemele
COBPEMEHHOW OMOTEXHOJIOTHEH MyTH CHIKEHHSI HETaTUBHOT'O BIIMSIHUS JIByX HaunoOolee
pacmpocTpaHEHHBIX BPEIOHOCHBIX OOBEKTOB: KOJIOPAJICKOTO KyKa (Leptinotarsa decem-
lineata Say) u durodropsl (Phytophthora infestans (Mont.) de Bary), nmpuBoasmux
K 3HAYUTEIbHBIM MTOTEPSIM YpOxKast KapToQes.

BuoTexHonoruyeckue nogxoabl B 6opbode ¢ putopToposom

®durohTOpo3 OTHOCUTCS K OJHUM M3 BPEAOHOCHEHIINX 3a00seBaHuil KapToders.
®duTodTOpO3 MOpakaeT HAJ3EMHYIO YaCTh PACTEHUI U TEM CAMBIM YMEHBINIAET aCCUMU-
JIMPYIOLIYIO HOBEPXHOCTH B MEPUO]T KITyOHE0Opa30BaHMUsl, @ TAK)KE BbI3bIBAET THUCHUE
KiyOHel Bo Bpems xpaHeHus. B PecnyOnuke benapycu cuibHble BCHBIIIKY 00JI€3HU
¢ notepsmu 30...50% ypoxast HaOIOIAKOTCA Yepe3 Kaxable 2—3 roja.

K ocHoBHBIM crioco6am 00pbOBI ¢ PUTOPTOPO30M, AKTUBHO HCIOJIB3YEMbIM
Ha MPOTSHKEHUM HECKOJBbKHUX AeCATWICTHH XX B. U UMEIOLIMM IIPOJIOJDKEHHE B HOBOM
CTOJICTHH, OTHOCSITCS] BO3/I€JIBIBAHNE YCTOWYMBBIX COPTOB KapTO(EIs U UCTIOIb30BAHUE
¢byarununos. [locneaauii cmoco0, HecMoTpst Ha 3P PEeKTUBHOCTD, HEOC30MaCCH IS
3/10pOBbs YeJIOBEKA U MOPOXKAAECT IPOOJIEMY YBEIUUECHHUSI XMMHYECKOW Harpys3ku
Ha arporeHO3bl, M, KaK CIIEJICTBHE, YXYALICHUS HKOJOTHYECKOrO COCTOSHHS OKpYyKa-
fouieit cpenpl. [ToaToMy 1711 yCTOHYMBOTO pa3BUTHS KapTO(EIEeBOACTBA B COBPEMEHHBIX
YCIIOBUSIX HapaBHE C MPUMEHEHHEM 3(PPEKTUBHBIX arpOTEXHUUECKUX MEPONPUATUI
TpeOyeTcsi co31aHle HOBBIX BHICOKOYCTOWYMBBIX K P. Infestans copToB KapTodesis, 4To
MO3BOJIUT CYIIECTBEHHO COKPATUTh MPUMEHEHNE XUMUYECKUX 00paboTOK Ha MpOTshHKe-
HUU BereTaly pacTeHUM.

YcroitunBocTh K P. infestans paHee CO3aHHBIX COPTOB ONpeEJENsIach NIPUCYTCT-
BUEM R-reHOB, MepeHEeCEHHBIX METOJOM OTIAICHHOW TMOpPHIN3AINH U3 JTUKOPACTY-
niero copoanya kaprodens Solanum demissum [3]. OgHAaKO BBICOKAs U3MEHUYMBOCTD
P. infestans nposiBunack B 00pa30BaHUU HOBBIX (DOPM MATOTeHA, CIIOCOOHBIX MPEOAOIIE-
BaTh 3AIIUTHBIC PEAKIMN YCTOMYUBBIX COPTOB, CO3/IAaHHBIX Ha OCHOBE R-reHoB S. demis-
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sum. Tlo manaem FO.T. [IpsikoBa, yacToTa CIOHTAaHHBIX MyTauui y P. infestans 1o on-
HOMY JIOKyCY Ha 1 ra nocturaer 1 000. iMeHHO BbICOKasi CKOPOCTb MyTHPOBAHUS 1ATO-
reHa crocoOHa o0ecrneYnTs HeOOXOIUMBIN JIJIsl BCEBO3MOKHBIX aJanTaluil ypOBEHb
n3MmenunBocty [4]. TIponecc M3MEHYMBOCTH Pe3KO yCumics, HauuHas ¢ 1984 r., korma
13 MekcukH B 00J1aCTH MHTEHCUBHOTO BO3/IENIBIBAHUS KapTO(Esi MUTPUPOBATIM HOBBIE
nonyJssiue purodTopsl ¢ AByMs THIIAMH 1ojioBoro mporiecca Al u A2 [3]. TlosiBnenne
B PecnyOnke benapyck A2 Tuma 3HaYMTENBFHO YCYTyOMIIO BPeIOHOCHOCTH (puTo(dhTO-
pO3a, MOCKOJIBKY YCIO0XKHUIICS PACOBBIN COCTAB, PACIIUPUIICS CIIEKTP BUPYJIEHTHOCTH,
MOBBICUJIACH aIPECCUBHOCTD MATOIEHA, @ TAKKE €r0 PE3UCTEHTHOCTD K CYIIECTBYIOIIUM
rectuaaMm [5].

[lepcniekTUBHOM cTparerueii, MpOTUBOCTOSIEH OBICTPON MOTEpe YCTOWYMBOCTH
pactenuit kaptodens Kk purodToposy, ABISETCS CO3AaHUE HOBBIX COPTOB, HAJ0JTO
COXPAHSAIOIINX BBHICOKYIO YCTOWYMBOCTh K MHOTHM pacaM ¢putopTopsl. O0bernHeHue
HECKOJIbKMX I'€HOB YCTOWYMBOCTH U3 AUKOPACTYIIHUX COpPOAUYEH KapTo(ens B OIHOM
pacTeHuH (MMMPaMUIUPOBAHUE I'€HOB) JIETIAeT YCTOMUMBOCTD J0JITOBPEMEHHOM, TOCKOJIBKY
COBOKYITHOCTb IEPEHECEHHBIX T€HOB 00ECIIEUNBACT PACIIO3HABAHUE PA3ITMYHBIX Pac
naroreHa. VMI3MeHeHre pacoBOro COCTaBa MaTOreHa B arporeHo3e He OyeT MPUBOAUTD
K CYLECTBEHHOMY CHIKCHHIO NPOAYKTUBHOCTH PACTEHUH C JOJITOBPEMEHHOMN YCTOM-
YMBOCTBIO. TaKylO CENEKLMIO HAa3bIBAIOT yHpexaarowmen [6]. Pe3ynpTaTHBHOCTE HHTPO-
TPECCUBHOM CeJIeKINU KapTo(hesst MOXKET ObITh MOBBIIIEHA 332 CUET CO3/IaHUSI HOBOTO
HCXOJIHOTO MaTepuiia ¢ KOMIUIEKCHON YCTOMYMBOCTBIO K GUTO(TOPO3y KaK HaJ3EMHBIX
YacTel pacTeHus], Tak M KiIyOHel. Takke Onpeessrolyo poib B Pa3BUTHH CTPATETHU
MOBBIIICHUS YCTOMYUBOCTU KapTodens K GUToPTOpo3y UrpaeT LeleHanpaBICHHbIH
MOMCK MCTOYHUKOB LIEHHBIX I'€HOB C IIOMOIIbI0 METOJ0B MapKep-COMyTCTBYIOIIEH
ceneky. MoekyssipHble MapKepbl TO3BOJISIIOT HAZIEKHO pa3andaTh (OpMbI pacTEHUH,
YCTOMUYMBBIE K Pa3IMYHBIM MATOTHIIAM OJTHOTO U TOTO K€ BO30yAUTEINst OOJIe3HH, YTO
CYLIECTBEHHO YCKOpSIET OTOOP YCTOWYMBBIX I'€HOTHUIIOB U BKJIIOUYEHUE UX B CEJIEKIIU-
OHHBII Tpo1iecc.

B npakTryeckoii cenexipy KapTodens Ha NPOTHKEHHN HECKOJIBKUX JIECSITKOB JIET
UCTIONB3yeTCcs MEeKBUAOBas ruOpuan3anus. [Ipu 3ToM nepeHoc reHOB YCTOHUHUBOCTH
U3 JUKOPACTYIIHUX BUAOB poaa Solanum, npouspacraroniux B CeBepHoit u FOxHoi
Awmepuke, B S. tuberosum Tipu IOJIOBOIM THOPHUIM3ALINH, KaK TPABHUJIO0, OTPAaHIUYCH U3-3a
(HU3HOTOTHYECKON U TeHETHYECKOM HECOBMECTUMOCTH. [Ipeoonenne HeCOBMECTUMO-
CTH MPU OTAAIEHHOW MMOPHIM3AIMN KyJIbTYPHOTO TETPAIIONTHOTO KapToderns ¢ AUKo-
pacTyIIMMU BUJAMH CTaJI0 BO3MOXKHBIM Onlaronaps pa3paboTke psjaa OHOTEeXHOIOTH-
YECKUX METOJIOB.

Mertoa comaTHdeckoi TMOpuaAn3aluy OCHOBAH Ha CIMSHHUU MIPOTOILIACTOB, M30JIH-
POBAHHBIX U3 COMATUYECKUX KJIETOK PACTEHUH Pa3IUYHBIX BUJIOB B YCIOBHUSX in Vitro.
Comarnueckasi THOpUIU3AIHs B 00XO0/1 TIOJIOBOTO MPOIIECcca MO3BOJISIET CO31aBaTh HOBBII
MCXOJIHBIM MaTepual (CI0KHbIE MEXBUIOBbIE THOPH/IBI U3 TpeX U 0ojiee POIUTEIILCKUX
KJICTOK) C IIEHHbIMM IIPU3HAKaMU OT JUKHMX BHUJIOB JAJIS PAaCHIMPEHHsS] T€HEeTHUECKUX
BO3MOKHOCTEH cenekiuu kaprodemns. K mpenmymiecTBam comaTndeckon ruOpuan3a-
IIMA OTHOCHUTCSI OObEANHEHNE B OJJHOM I'€HOME HE TOJIbKO I'€HOB KYJIbTYpPHOIO KapTo-
denst u puIOreHeTUYEeCKH OTJAJICHHBIX JUKHUX COpOAMYEH, KOTOPBIX Y KapTodes
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6onee 230, HO ¥ TEHOB OpraHesUl LIUTOILIA3MbI (MHUTOXOHJIPUH, TUTACTHT), YTO oOecrie-
YHBAET CO3JJAHME KAUE€CTBEHHO HOBBIX MEKBHIOBBIX THOPHIOB [7]. MeXBUIOBBIE COMa-
THYECKHE THOPHIBI KapTodes IoJydeHbl BO MHOTUX CTpaHax, B T.4. U PecmyOmmke
Bbemapyces. B HIIIl HAH Bbenapycu o kapTodesieBoACTBY U IJI0I00BOIICBOICTBY
METOJIOM COMaTHYECKON TMOpUAN3alMU CO3/1aHbl coMaTH4eckre ruopup ¢ 10 nukuMu
BUJIAaMU KapTOoQest, MaJIOIOCTYITHBIMH JUIS TIOJIOBOW TrrOpHam3aimu. HecMoTpst Ha mipu-
BJICKATEITFHOCTh COMATHYECKON THOPHIN3AIINN, CO3JaHIE COPTOB PACTEHHUIl, B TOM YHCIIE
U KapToges, MOoJIy4eHHbIX Ha OCHOBE COMAaTHYECKUX I'MOPHUIOB, OCTAETCS PEAKUM
SIBJICHUEM, IOCKOJIbKY CYILECTBYET IpobiieMa ¢ (epTHIbHOCTBIO COMATHUECKUX T'H-
OpHIOB U MX CHOCOOHOCTBIO K TEHEPAIMU KHU3HECTIOCOOHOTO TIOTOMCTBA MPH CKPEIIH-
BaHMU C KyJIbTYypHBIM KapTodeiem [8].

Jlpyrum 3KOJIOTMUYECKH OINpaBJIaHHBIM OMOTEXHOJIOIMYECKHM CII0COO0M GOpHOBI
¢ ¢puTo(TOPO30M KIYyOHEH, CHIDKAIOIIMM KauyeCcTBO MOCAJI0YHOTO MaTepraia BO BpeMs
XpaHEHHUs, SBJISETCS METO/I MUKPOKJIOHATBHOTO Pa3MHOKEHHUS IPOOUPOYHBIX PACTEHUM,
MO3BOJISIOUINI MOMYy4YUTh B JJOCTATOYHOM KOJIMYECTBE O3[0POBJIEHHBIH MaTepual
HE TOJBKO OT TPUOHBIX, HO M BUPYCHBIX NMaTOTEHOB.

MUKpOKIOHAIBbHOE PA3MHOXKEHHE TMO3BOJISIET MOJYUYUTh B YCIOBMSX in Vitro
TEHETUUYECKU MJICHTUYHbIE MaTEPUHCKOMY pacTeHUs-KIOHbL BKirouaeT Tpu 3rama: BBe-
JIEHUE B KyJbTYPY 3KCILJIaHTA KJIOHUPYEMOTO pacTeHMs; pereHepalus Mukpornoodera
U €ro pa3MHOXKEHHE B HEOOXOJIMMOM KOJIMYECTBE KOIM; CTUMYJISAIMSA KOpHEOOpa3o-
BaHUs y MPOOUPOUHBIX pACTeHUM M aJanTalnus UX K yCIoBHsM in vivo. Ilomyuenue
03JI0POBJICHHBIX MPOOUPOYHBIX PACTECHUU KapTOdess MPOUCXOAUT B MEPBBIN Toj
COIJIACHO YEeThIPEXJIETHEH CXeMe CEMEHOBOICTBA OE3BHPYCHOIO MOCAJ0YHOTO MaTepHaa
kapTodeins. Oprauuzyror 3Ty paboTy celeKIMoHHbIe yupexaeHus. Ha nepsom stame
0TOUPaIOT KIyOHHM OT 3aBEJIOMO 3/0POBBIX pPacTeHHMH U MpopaimuBaioT. 13 pocTkoB
B aCENTUYECKUX YCIOBHSIX BBIACISIOT alUKAJIbHYI0 MEPUCTEMY M KYJIbTUBUPYIOT
Ha MUTATEIbHBIX CpeiaX B (PUTOTPOHAX C KOHTPOJIUPYEMBIMU CBETOBBIM U TEMIIEPATyp-
HBIM peKkuMaMu. PereHeprpoBaHHbBIC M3 MEPUCTEM PACTEHHUS Pa3MHOXKAIOT MHOTOKpAT-
HBIM YEPEHKOBAHHMEM I10 YUCITY MEXA0Y3IHHA 10 HEOOX0IUMOT0 KOJINYECTBA KOMHH.
OOs3aTenbHBIM SBJISICTCS IMArHOCTHKA HAa HAJMYHE MaTOreHOB. 37I0pOBbIE MPOOUpPOU-
HbI€ pacTeHHs KapTodest NepeaatoTCsi CEMEHOBOIYECKUM XO3SHCTBAaM JIJIsl TTOJTyYeHUs
MUHU-KITYOHEH, Cynep-CynepaiuThl U CynepaIuThl. PaccMOTpeHHBIN OMOTEXHOJIOTH-
YEeCKUH MMO/X0JI, OCHOBAHHBIM Ha METOJIE€ AlIMKAJIbHBIX MEPUCTEM, IO CYTH, SBISETCS
MOJ/IEPKUBAIOIIEH ceNeKIMel 1, Oyy4r IIMPOKO BHEIPEHHBIM B MPAKTHKY, MO3BOJISIET
€XEeroIHO0 00ecreunBaTh XO034iCTBA O3J0POBICHHBIM, KaY€CTBEHHBIM COPTOBBIM
MOCaI0YHBIM MaTepHaioM KapToders.

C pacumgppoBkoit TeHOMOB S. fuberosum u P. infestans paclIipUiINCh BO3MOX-
HOCTHU T€HHOI MH)KEHEPHH I10 CO3/IaHUI0 TeHETHYECKH MOAU(PHUIIMPOBAHHBIX COPTOB
KapTodes ¢ MOBBIIIEHHONW YCTOWYHUBOCTBIO K puTodTopo3y. s Tpanchopmanuu
KapTodess reHaMu OJIM3KOPOACTBEHHBIX TUKOPACTYIIMX KIyOHEHOCHBIX GopM Solanum
(cexumu Petota Dumort.) nmpeuioskeH HOBBI TEPMHUH «LUCTEHE3», IPU3BAHHBIN OTIIH-
4aTh Takue GopMbl KapTodess OT TeHETUYECKH MOIU(PHUIIMPOBAHHBIX OPraHU3MOB,
MOJIYYEHHBIX C UCIOJIb30BaHUEM UYKEPOIHBIX FE€HOB [9].
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BuotexHonornyeckue noaxonabl
B 60pb0e C KOJIOPaACKNM XYKOM

ITomumo purodrops! cepbe3HbIM OMOT€HHBIM PUCKOM Ul KapTodens BO MHOTUX
CTpaHax SBJISETCS KOJOPAJCKHUH )KyK, KOTOPBIH B OJaronpusiTHbIE TOJbl CIIOCOOEH
yHUUTOXKUTH 110 40% yporxkas. HecMOTpst Ha cTpeMUTENbHOE pa3BUTHE HAYKH, KOJIOpa/l-
CKHI KyK JI0 CHX ITOP OCTAETCs OTIACHBIM BpEAUTENeM KapTodesi, Ha 60ps0y ¢ KOTOPBIM
TpaTATCs HeMainble cpeacTBa. Komopaackuii )KyK Kak ONacHbI BpeIuTenb KapTodens
OTHOCHUTCSI K 00BEKTaM BHEIIHEro M BHYTpeHHero kapanTuHa B PecriyOnuke benapycs.
BopoTbest ¢ HUM B CBSI3U C €r0 BBICOKOH IJI0JJOBUTOCTBIO, CIIOCOOHOCTBIO JUTUTENIBHO
o0xonuThes 0e3 MUILY, BIIAIaTh B IMaIay3y Ha MPOJIOJDKUTENIBHBIN CPOK M IEPEeMEIIaThCs
Ha 3HAYUTEIbHBIE PACCTOSHUS OYCHB 3aTPYAHUTENBHO. K TOMY ke y KOJIOpaJICKOro *KyKa
MaJl0 €CTECTBEHHBIX BparoB. [IuTasch macieHOBBIMH, COJEPIKAIIUMHE SIOBUTHINA COJla-
HHH, KOJIOPAJICKHE KYKH CTAHOBSITCS JJIsl HUX SAOBUTHIMU. 3aTpyaHseT 60prOy C Bpe-
auresieM kaptodens U TOT (pakT, 4To ¢ HayaJloM BECHBI XKYKH, 3UMYIOIIUE B IIOYBE,
BBIXOJIAT HA MTOBEPXHOCTh 3€MJIM HE OJJHOBPEMEHHO, a ¢ MHTepBaslaMu. Kpome Toro,
HEKOTOpbIE CaMKHU 3UMYIOT Y€ OILUIOJJOTBOPEHHBIMH U Cpa3y MOCHIE BbIXOJA Ha ITOBEPX-
HOCTh HAUMHAIOT OTKJIAJIBIBATH Sila. B CBSI3U ¢ KIIMMAaTHUYECKUMH 0COOCHHOCTIMHU
Benopycckoro Ilonecks KOTMUECTBO TeHEPALUN Yy KOJIOPAICKOTO KyKa MOXKET OBITh
YBEJIMYEHO JI0 TPEX, YTO elie O0bIIe MOKET 00YCIOBUTH MPOAOHKUTEIHHOCTh €ro
BPEI0HOCHOCTH.

TpaauIMOHHBIM [IOJIX0/I0M, HAalIPaBJIEHHbIM HA COKpPAIIEHUE TOTeph ypoxKas Kap-
To(enst OT BpeauTes, ABJISIIOTCS XUMUUECKHE MeTObI 3amuThl. OJTHAKO HCIOJIB30Ba-
HHE XMMHYECKUX IPErnapaToB MPOTUB KOJIOPAJICKOTO KYKa BBI3BIBAET Y HACEKOMOTO
OBICTpOE MPHBBIKAHUE K Sy U CIIOCOOCTBYET K TOMY K€ COXpPaHEHHIO 0ojee yCTONuu-
BBIX 0CO0€H, Haronux 0oJee )KU3HECTIOCOOHOE MTOTOMCTBO. 3a MOCIEAHUE JeCATHIICTUS
B PecriyOnuke benapyck npou3omnuio yBeslmdeHne pacipoCcTpaHEHHOCTH KOJIOPACKOTo
KyKa, UI3MEHEHHE HEKOTOPBIX OMOIKOJIOTMYECKUX OCOOEHHOCTEH Pa3BUTHS BPEAUTENS
BCJIE/ICTBHE BapbUPOBAHMsI IIOTOJHBIX YCIOBUI BET€TALIMOHHOTO Ce30Ha, (hopMUpOBaHHE
PE3UCTEHTHOCTH K XMMUYECKUM CPEICTBAM 3aIlUThL. B clokuBIIelicst cutyaruy Haubo-
Jiee TIOIXOAIINM CYUTACTCS UCTIONh30BAHUE MUKPOOHOIOTMYECKHX TPETapaToB M pac-
TUTENBHBIX YKCTPAKTOB C BKIFOUEHHUEM HX B HKOJIOTU3UPOBAHHYIO CHCTEMY 3aIUTHI
KapTodens oT kojopaackoro xyka [10]. BolbImMHCTBO CyIIEeCTBYIOMMX U BHOBb pa3-
pabaTbIBaeMbIX MUKPOOHBIX NPENapaToB CO3/Al0TCS Ha OCHOBE IITAMMOB ITOUYBEHHOMN
Oakrepun Bacillus thuringiensis, KOTOpble CIIOCOOHBI BbIPaOaTHIBATh OEIIOK, Ha3BaHHBII
Bt-TokcHOM. DTOT TOKCHYECKHH OEJIOK OTINYAeTCs B 3aBUCHMOCTH OT IMOIBUIA
B. thuringiensis, pOU3BOJAIIETO €T0, IIO3TOMY 00J1aaeT BRICOKOW N30UPATETLHOCTHIO
JNEHUCTBUS U MO3BOJISET PEryIUPOBATh YUCICHHOCTh TOJBKO OINPEACIICHHBIX BUJOB
HacekoMbIX. Korpma Gaktepun nmoTpeOistoTcsi BOCOPUMMYKMBBIMUA HACEKOMBIMH, BbIjIE-
JsieMbIil Bt-TOKCHH CTaHOBUTCSI aKTHUBHBIM I10J] ACHCTBUEM (DEPMEHTOB B HICIOYHBIX
YCJIOBUSX MUILEBAPUTEIBHOIO TpakTa. B akTuBHOMN popme TOKCHH cnienupuuecku
CBSI3BIBAETCS C PELENTOpPaMH SMUTEIHAIBHBIX KJIETOK M BBI3BIBACT UX Pa3pylICHUE.
Hacekompble mepecTaloT MUTaThCSA U BCKOpe morubaror, a Bt-TokcuH paspymiaeTcs
10J] ICWCTBUEM COJIHEYHOTO cBeTa. Ha TernoKkpoBHBIX KUBOTHBIX Bt-TOKCHH HE OKa-
3bIBA€T HETaTUBHOT'O JICHCTBUS.
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C pa3paboTKOil METOJOJOTUM I'€HEeTUYECKON MHKEHEPUU CTajO0 BO3MOXKHBIM
oOHapy>KeHUe U BbIJIeJIEHUE T€HOB, KOJUPYIOIMUX Bt-ToKCHHBI, HX MoAH(HUKALUs
U TIEPEHOC B TeHOM pacTeHui. [lepBbie myOIuKauy O MPAaKTUYECKUX HapabOTKax
0 TIEPEBOJy COPTOB KapTOdesi B CTaTyC TPAHCTEHHBIX MOSBUINCH B Havyaje 90-X IT.
XX B. B yacTHOCTH, B OJJHOM M3 TaKUX MyOJIMKAIM MOKA3aHO, YTO TEHETUYECKH YITyd-
HIeHHBIE pacTeHus copta kaprodens Russet Burbank coxepskanu monudunnpoBaHHbIit
OakTepuanbHbIN TeH B. thuringiensis var. tenebrionis, KOTUPYIOIUI OEI0K-KOHTPOJIEP
L. decemlineata Say, n He TIOBpPEKIATUCH KOJIOPAJCKAM KYKOM B JaOOPaTOPHBIX yCIIO-
Busix [11]. V TpaHcreHHbIX copTOB reH Bt-TOKCHHA HAXOIUTCS BO BCEX KIIETKAX, a 3Ha-
YUT, CIIOCOOEH SKCIEPECCUPOBATHCS IIOCTOSHHO, YTO MO3BOJISICT PACTEHUIO 3aIlIUTUTD
ce0st 0T KOJIOPAZCKOT0 KyKa M €ro JMYMHOK Ha MPOTSHKEHUH Beel Bereramu. [1o Bcem
OCTaJIbHBIM IIPU3HAKAM TPAHCTE€HHBIN COPT HE OTIMYAETCA OT UCXOAHOTO HEMOAUU-
MPOBAHHOTO copTa. B 0030pe MOCTHKEHUI MEPBOrO NECATUIECTUS OMOTEXHOJIOTHH
B PaCTEHHEBOJICTBE OTMEUEHO, YTO B MHPOBOM MacIiuTade cpenu APYTHX KyJIbTyp, s
KOTOPBIX MPOBENIEHBI MOJIEBbIE UCIIBITAHUS M KOMMEPIHMAIN3alus TPAHCTEHHBIX pac-
tenuii ¢ 1986 mo 1995 r., kaprodens coctapmsut 11% [12].

[TpuOBLIEHOCTE BBIpANMBAHUS TEHETHIECKH MOAN(DHUIIMPOBAHHBIX PACTEHHUI B TIPO-
M3BOJCTBEHHBIX MacmTabax cpa3y Obuia orneHeHa kommanusimu CIIA, ApreHTuHsI,
bpasumuu, Kanagel, Mamumn, kotopsie ¢ 1996 r. octaroTcst 6€3ycIoBHBIMU JTHACpaMHU
[0 PACIIUPEHNIO OCEBHBIX IUIOIMAJEH U BUJIOBOTO COPTUMEHTA N€HHO-UHKEHEPHBIX
KynbTyp. [lo naHHBIM MesxayHapoaHOH CiTy>KObl IO BHEPEHUIO arpoOHMOTEXHOIOTHYE-
ckux paspabotok (ISAAA — International Service for the Acquisition of Agribiotech
Applications), B 2016 1. moceBHBIE TUIOIIAIU [0 TEHHO-WHXEHEPHBIMU KYJIbTypaMu
B Mupe aocturiau 185,1 MilH ra, yBenu4MBIINCH 3a JIecsATh jeT Oonee yeMm B 100 pa3
(st cpaBaenust 1,7 mua ra B 1996 1.) [13]. Kommepueckast BBIro1a OT UCHIOIb30BAHUS
TeHETUYECKU MOAU(HULIMPOBAHHBIX PACTEHUH, 00YCIOBIEHHAS MOBBIIIEHUEM ypOXKaii-
HOCTH IIPU COKPAILEHUH 3aTpaT Ha IPUMEHEHNE XUMUYECKHX CPEJICTB 3ALUTHI, & TAKKE
BOIIPOCHI, CBA3aHHBIE C BBIPAOOTKOM A(P(PEKTUBHBIX Mep MO MOAICPIKAHUIO YCTOWIUBOTO
Pa3BUTHA, SKOHOMHUYECKOW CTaOMIBHOCTH, TOOYXK/IAIOT YUEHBIX pa3HBIX CTPaH, B T.U.
u PecriyOnmuku benapych, K POBEICHHUIO NCCIICIOBAHHIA TI0 TEHETUYECKOMY YITyUITICHUIO
COPTOB CENBCKOXO3SMCTBEHHBIX KYJIBTYpP OTEUECTBEHHOW CENEKIUU. Takue copra
COCTaBJISIIOT OCHOBY COPTOBBIX PECYPCOB CTPAHBI M BBITOAHO OTJIMYAIOTCS OT 3apyOek-
HBIX aHAJIOTOB, OCOOEHHO 110 YPOBHIO UX AJAalTUBHOCTH K YCIOBUSAM BBIPAILMBAHUS,
YCTOMYMBOCTH K OOJIE3HSIM U pALY APYIHX MPU3HAKOB.

K nanpaBienusiM viccieoBaHU 10 TeHETHYECKON MH)KEHEPHH KapTodes, mpo-
BOJIMMBIX B Hay4HbIX yupexkneHusx PecryOmuku benapych, OTHOCATCS cO31aHME TPaHC-
TeHHBIX JINHUM Ha OCHOBE copTa Oenmopycckoil cenekiuu CkapO ¢ yCTONYMBOCTHIO
K KOJIOPAZICKOMY KYKY, a Takxe K putopTtopo3sy. B 2014—2015 rr. npoBeeHs! UCIIbI-
TaHus co3faHHol B MHcTuTyTe reneruxku u nurosnorun HAH benapycu reHHo-nHxe-
HEpHOW JIMHUU KapTOQeisi, yCTOWIUBOM K KOJIOPAJICKOMY JKYKY, Ha OIBITHOM II0JIC,
COOTBETCTBYIOIIEM TpeOOBaHMsAM Oe30macHOCTH. TpaHCreHHast IMHKA MOTyYeHa MyTeM
BBEJICHUSI B TCHOM pacTeHuit kaprodens copra Ckapb rena Cry3aM, TOHOPOM KOTOPOTO
Obuta Oaktepust B. thuringiensis var. tenebrionis, nog koatposieM CaMV 35S npomortopa
OT BHpYyCa MO3auKH IIBETHOM KarrycThl. UykepoaHbIii TeH 3Kcrpeccupyet Oenok Bt-aH-
JOTOKCHH, KOTOPBII MPOSIBIISIET NHCEKTUIMHbBIE CBOKWCTBA MO OTHOIIEHHUIO K KOJOPaj-
CKOMY JKYKY M He JIEHCTBYET Ha JIPyT'HX HaCEKOMBIX.
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OueHKa NoTeHuuabHbIX PUCKOB,
CBSi3aHHbIX C UCNMNOJ1Ib30BaHNEM TPAHCIreHHbIX OpraHM3mosB,
B Pecny6nuke Benapycb

[TpuHrMas BO BHUMaHHE KOPOTKYIO MHPOBYIO MPAKTHUKY UCIIOJIb30BAHMS TCHETH-
YeCKH MOAN(DUIMPOBAHHBIX PACTEHUM, a TAKXKE TO, UTO KapTOQesb ABJSETCS 3HAUNMOMN
JUIsL TIOTpeOuTeNell MPOJOBOJILCTBEHHOM KYJIBTYPOH, O€30MacHOCTh €ro reHeTHUECKU
MOJM(UITPOBAHHBIX COPTOB JOJDKHA OBITH HE TOJIBKO O0ecTieueHa CO CTOPOHBI YUEHbIX,
HO W rapaHTHUpOBaHa Ha ypoBHeE rocynapcta. B Pecnybnuke benapyce 3a nepuon,
npomeamui nocie npucoenuHenus: B mae 2002 r. k KapraxeHckoMy MpOTOKOIY
no 6uode3onacHocty k KonBeHuuu o GuosnoruyeckoM pazHooOpasuu, Oblila co3/1aHa
HammonansHast cucrema 0€30MacHOCTH, BKITFOYAIOIIAS 3aKOHOJATEIbHYIO0 U HOPMAaTHB-
HO-pErJIaMEHTHYIO COCTaBJISIOLIME PEryJIHMpOBaHUs O€30IaCHOCTH T€HHO-MH)KEHEPHOH
JIeATEIbHOCTH M HAIlpaBJICHHAS! Ha OXPaHy 37I0pPOBbsI YEJIOBEKA M OKPYIKAIOIIEH Cpe/Ibl.
JlelicTBUE 3aKOHO/IATENIbHBIX AKTOB HAIIEJICHO Ha CO3[JaHME IIPABOBBIX M OpraHU3allu-
OHHBIX OCHOB 0€30IaCHOCTH, IMPOBOJIMMON B HAYYHBIX YUPEKACHUSIX ACATEIHHOCTH,
a TaKKe Ha OOBEKTHUBHYIO OLIEHKY NMOTEHIHATIbHBIX PUCKOB I'€HHO-WH)KCHEPHBIX Opra-
HHU3MOB, TOJIbKO BBIITYCKAaE€MBIX JUISl 9KOJIOTUYECKUX UCIBITAHUN B MOJIEBBIX YCIOBUAX
Y BBICBOOOYK/Ta€MBIX HA PBIHOK.

ITo GenopycckoMy 3aKOHOATENIBLCTBY MPOLEypa OLIEHKH KOJIOTHUYECKUX PUCKOB
U PUCKOB ISl 3J0POBBS UEIOBEKa MPOBOAMUTCS ABaXKIbl. [1epBblil pa3 craHmapTHAas
npolenypa OIeHKH pUCKOB [14] mpoBoauTcs mepen BHICBOOOXKICHUEM T€HETUYECKH
MOM(UIIMPOBAHHOTO OPraHM3Ma B OKPYKAIOIIYIO CPEay Ul MPOBEICHUS UCIIBITAHUI
Ha CHELUATbHO 000PYIOBAaHHBIX ONBITHBIX MOJISIX, COOTBETCTBYIOLIMX MUPOBBIM TpeOoO-
BaHMAM OnoOe3omacHocTH. /s 3TOro Hay4yHas opraHu3anusa-3assBUTENb PEICTABIACT
B OKCIIEPTHBIN cOBeT MHUHHCTEPCTBA MPUPOIHBIX PECYPCOB U OXPAHBI OKPY KAIOLIEH
Cpe/bl MOTHOE UCCIIeJOBaHUE 00 OLIEHKE PHUCKA BO3MOXHBIX BPEIHBIX BO3JIEHCTBUI
CO3JJaHHOTO TE€HHO-WHXEHEPHOTO OpPraHu3Ma, KOTOPOe J1ajiee OLEHUBACTCS OJHUM
U3 HKCIEPTOB JMUOO IKCIEepTaMU U3 YMCIa HAYYHBIX YUPEKIEHUN, KOMIIETEHTHBIX
B JaHHOM 00JIaCTH, MOCTIE YeT0 pacCMaTPUBACTCS HA 3aCE€IaHUHU HKCIEPTHOTO COBETA
MuHIpUpOBI, HA KOTOPOM pelaeTcs, JOIMYCTUMO JINOO HET BHICBOOOXKIEHHE TAaKOTO
opranu3ma. [IOBTOpHO PHCKH OLIEHHWBAIOTCS TEPE] BBITYCKOM T'€HETHYECKH MOU-
(HULIPOBAHHBIX OPraHU3MOB B CEIBCKOX03HCTBEHHOE NTPOU3BOACTBO. Y T€HHO-UHKE-
HEPHBIX OPTaHU3MOB, MPOIIEIINX TMOTHBIA IUKI HCCIECIOBAaHUN M JOIMYIICHHBIX
Ha PBIHOK, HE JIOJDKHO OBITH BBISIBIIEHO OTPHIATENBHBIX () ()EKTOB Ha 310POBbE YeNIO0-
Beka. Best nH(opMalys 1o oleHKe pUCKOB pa3MeIlaeTcsi B CBOOOIHOM JIOCTyIIE Ha BeO-
caiite HanimoHampHOTO KOOPAMHAIIMOHHOTO IEeHTpa Onobe3onmacHocTH PecnyOmuku
benapycs (http://www.biosafety.by). HarmonansHbI#t KOOpAWHAIIMOHHBIN LEHTP OHO-
Oe3omacHoCcTH ObUT co37aH B 1998 T. ¢ 1menpro obecriedeHus d3(HHEKTHBHOTO ydacTHst
PecnyOmuku benapych B perieHnu rinodaibHo npobiaeMsl coXpaHeHHs: OM0JIOrMYECKOTo
pasHoo0pa3us U KOOPJMHAIMU ACATEIHHOCTH, CBI3aHHOM ¢ 0€30MaCHOCTHIO UCTIONB30-
BaHMA JOCTHKEHUH COBPEMEHHON OMOTEXHOJIOTUH.

BbiBOAbI

COBpGMeHHaH MHpOBas TCHACHIUSA 110 pa3pa60TKe CII0c000B 3allIUThI paCTeHI/Iﬁ
CBsA3aHa C HapalllMBAaHUCM TEMIIOB CO3JaHUA U BHCAPCHUA B IIPAKTUKY TPAHCICHHBIX
OpraHu3smMoB, B TCHOM KOTOPBIX MHTCIPUPOBAHbI YYKCPOJIHBIC I'CHBI, O6€CH€‘II/IB3.IOI_LII/I€
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UX YCTOHYMBOCTb K HACEKOMBIM-BPEAMUTENSAM U MaroreHam. Vcnoiab3oBaHUE T€HHO-
MHXEHEPHBIX METOIOB, HAIPABJIECHHBIX HA CHIDKEHHE OMOTEHHBIX arpO3KOJIOIHYECKHX
PHUCKOB, MOPOKIAET B CBOIO OUEpe/b OIIaCEHUs, CBA3aHHbIE KaK CO CIIOCOOHOCTHIO
FeHEeTHYECKH MOANGUIIMPOBAHHBIX OPraHU3MOB OKa3aTh HEOJIAronpHUATHOE BO3JECHCTBHE
Ha COXpaHEHHE U YCTOWYMBOE HCIIOJIb30BAHUE OMOJIOTMYECKOT0 pa3HO0Opasus, TaKk
U BO3HUKHOBEHHEM PHUCKOB Ul 310pOBbs ueiaoBeka. CienyeT OTMETUTh, 4TO caM
10 cebe BCTPOEHHBIN T€H HE HECET PUCKOB, OCKOJIBKY COCTOUT U3 MOCIIE0BATEILHOCTH
HYKJIEOTHJIOB, KOTOPBIE OJTMHAKOBBI y BCEX JKUBBIX OPraHU3MOB. [[oTeHIIMaIbHBIE PHCKU
MOTYT BO3HHMKaTh M3-32 HeCIeLM(UUECKOro BCTpauBaHUsl HOBOIO I'eHa B TEeHOME pac-
TEHHUs, T.€. BCTaBKa MOXKET Ipou3oiitu B modoM ydactke IHK. Pe3ynpratoMm BcTaBKU
MOTYT OBITh Kak OlaronpHaTHbIC, TaK U HEXKeNlaTelbHble MocaenCcTBYA. Eciu ayxepoa-
HBII TeH BcTpanBaetcs B oonacts JIHK, koTopast yxe KoaupyeTr Kakou-To r'eH, TO 3TO
MOXET IPUBECTH K €r0 3aMOJIKAHHIO, U, KaK CIIEICTBHE, K IPEKPAILEHUI0 CUHTE3a OIpe-
JIEICHHOTO BEILIECTBA, Yero He JO0JDKHO HaOJI0AaThCs IPU BCTPaWBAaHUM HOBOTO IeHa
B MOJIYaluil y4acToK reHoma. Eciau ncxoaHbiit HeMoAU(pUIMPOBAaHHBIA OpraHu3M,
B KOTOPBIHA TpaHC(HOPMHUPYETCS] HOBBIM I'eH, H3HAYAIBHO 00J1a/1aeT HEe)KeNIaTeIbHbIMU
IPU3HAKAMU, TO IPU UHTETPALMU I'€HA TaKhe CBOMCTBA MOTYT YCWIHThCA. FIMEHHO
[I03TOMY 00sI3aTEeJILHO P OLICHKE PUCKOB JJIs1 3[0POBbS YEJIOBEKA MPOBOAATCS ajljiep-
TOJIOTMYECKHUE U TOKCUJIOTHUYECKUE CIIEUATU3UPOBAHHbIE TECTHI, B TOM YMCIIE UCCIIENI0-
BaHUs Ha JKUBOTHBIX. IIpy 9TOM JUTUTENBHOCTD UCCIIEJOBAHUM Oy/eT yBEIUUYEHA B TOM
cllyyae, eciIM POAUTENILCKUI OpraHu3M, B KOTOPBIN BCTPOCH HOBBIM I'eH, H3HAYAJIbHO
00JajaeT alIepreHHOCThI0, UMEET MOBBIIICHHBIN YPOBEHb aHTHUITUTATEIbHBIX BEILIECTB
(Hampumep, cosl), TaK Kak IpU BCTPOMKE I'eéHa OHU MOTYT YCHIMThCA. Takxke o0s3a-
TEeJBbHOMN ABJIETCs pa3paboTKa MOJIEKYJIIPHOIO METOA, TI03BOJISIOMET0 3GPEKTUBHO
BBISBJISITH U NTPOCJIEKUBATH B JJAJIbHEHIIIEM pacpocTpaHEHHE HA PHIHKE CO3/1aHHOTO
TeHETHYeCKU MOAUGDUIIMPOBAHHOTO OPraHU3Ma U MPOIYKThI, TOJydaeMble Ha €ro oc-
HoBe. B HacTosmee BpeMs B pecityOirke (QyHKIMOHUPYIOT 18 crenuaai3upoBaHHbIX
71a00paTopuil 1O IETETKIMY TeHETHYECKH MOTU(PUIIMPOBAHHBIX OPTaHU3MOB, aKKPEIH-
TOBaHHBIX 10 TOCYJApPCTBEHHBIM WIIM MEKAYHAPOIHBIM cTaHaapram. Jpyras rpynna
MOTEHIMAIBHBIX PUCKOB CBS3aHa C OE30MAaCHOCTBIO HCTIOIb30BaHMS T€HHO-UHKEHEPHBIX
oprann3MoB. [1ockoIbKy NpH BHICBOOOKAEHHH B OKPYXKAIOLIYIO Cpely TPAaHCTE€HHbIE
pacTeHHs HaUYMHAIOT PAa3MHOKAThCS, TO JOJDKHBI OBITh OLIEHEHBI PUCKHU, CBSI3aHHbIE
C MOCJIEACTBUEM IIEPEHOCA TPAHCTEHA MIPU ONBUICHUH JUTS OJIM3KOPOACTBEHHBIX KYJIb-
TYpPHBIX U TUKHX BUJ0B. [loaTOMY pazpabaTbiBaeMble TPAaHCT€HHbIE OPraHU3MBbI B 00s1-
3aTEeIIbHOM MOPSAKE NPOXOAT IKCIIEPTHYIO OLEHKY, IIPEATOIAararolyto pacCMOTPEHNE
BCEX MOTEHIMATbHBIX SKOJOTMYECKUX PUCKOB U PUCKOB JJISI 3/10POBbs YEJIOBEKA, KOTO-
pbI€ MOTYT MOSIBUTHCS B CBSI3M CO BCTPOMKOW KOHKPETHOTO HOBOTI'O T'€Ha M TEM HOBBIM
MPU3HAKOM, KOTOPBII OyieT nposBisaThes. [Ipy BBICBOOOXKAEHUH B OKPY KAIOLIYIO CPELy
TPaHCTEHHBIX PACTEHUH JJOJDKHA OBITh MOJIHAS HAay4yHas yBEPEHHOCTb B OTCYTCTBUU
YTPO3bI CEPHE3HOTO WK HeoOpaTuMoro yiep6oa. I1oaBo 1 UTOT BOIPOCY BO3ZMOMKHBIX
MOTEHLUAIbHBIX PUCKOB, CBA3aHHBIX C MCIIOJIb30BAHUEM OPIaHU3MOB U MPOJYKTOB
TEHHBIX TEXHOJIOTHUIl, XOTEeJIOCh ObI OTMETUTH, YTO BCE NoOyyaeMble B PecmyOimuke
benapych TpaHcreHHbIe TMHUU KapTo(dess MPoXOoAsT UCCle0BaHUs B 1a00paTOPHBIX
YCIJIOBUSIX U Ha OIBITHBIX MOJISIX, COOTBETCTBYIOIUX TpeOOBaHUAM 0€30MacHOCTH.
ITockomnbKy kapTodelns sBISETCS HHTPOAYLIMPOBAHHBIM BUAOM A1t benmapycu, To oTcyT-
CTBYET BO3MOKHOCTb HEKOHTPOJIUPYEMOT0 MepeHoca ero reHeTHYeCKoro MaTepuaia,
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B T.4. U TPAHCI'CHHOT'O, TUKUM BHIaM paCTeHHfI, MMponu3pacTaromuMm B CCTCCTBCHHBIX
6I/IOHCHO3aX. HOTpe6HOCTI> HCII0JIb30BaAHHA I'CHHO-NHXXCHCPHBIX METOAOB CBsA3aHA
C O6OCTpCHI/ICM OHOreHHBIX ArpO3KOJIOrMICCKUX PUCKOB, B CHMKCHHUH KOTOPbIX BA>KHBIM
MOoAXO0A0M ABJIACTCS CTPATCTHA ynpex(z[alomeﬁ HHTpOI’peCCHBHOﬁ CCJICKIIMH, OCHOBAH-
HOM Ha KJIICTOYHO-UHXCHCPHBIX U MOJICKYJISIPDHBIX METOAAX.

10.

11.

12.

13.

420

References

. BELSTAT. Available from: http://www.belstat.gov.by/ofitsialnaya-statistika/ [Accessed

1st August 2019].
FAOSTAT. Available from: http://www.fao.org/faostat/ru/#data/QC [Accessed 29th Oc-
tober 2019].

. Khavkin EE. Resistance of potatoes to black eye rot by view of molecular biotechnologist.

In: Kharchenko PN. (ed.) Problemy agrobiotekhnologii [Problems of agrobiotechnology].
Moscow: VNIISB Publ.; 2012. p. 69—92. (In Russ).

Dyakov YT, Elanskiy SN. Population genetics Phytophthora infestans. In: Dyakov YT,
Sergeeva YV. (ed.) Mikologiya segodnya [Mycology today]. Moscow: National Mycology Aca-
demy Publ.; 2007. 1:107—139. (In Russ).

Chashinskiy AV. Mexican varieties S. stoloniferum and S. polytrichon for creation of initial
material resistant to black eye rot. In: Turko SA. (ed.) Kartofelevodstvo [Potato Growing].
Minsk: Research and Practical Centre of National Academy of Sciences of Belarus for Potato,
Fruit and Vegetable Growing; 2015. 23:56—68. (In Russ).

Fadina OA, Beketova MP, Sokolova EA, Kuznetsova MA, Smetanina TI, Rogozina EV,
Khavkin EE. Anticipatory breeding: molecular markers as a tool in developing donors of potato
(Solanum tuberosum L.) late blight resistance from complex interspecific hybrids. Agricultural
Biology.2017; 52(1):84—94. (In Russ). doi: 10.15389/agrobiology.2017.1.84rus

Yakovleva GA. Somatic hybridization and cell selection of potatoes (Solanum tuberosum L.).
In: Kilchevskij AV, Khotyleva LV. (ed.) Biotekhnologiya v selektsii rastenii. Kletochnaya
inzheneriya [Biotechnology in plant breeding. Cell engineering]. Minsk: Belorusskaya nauka
Publ.; 2012. 3:217—250. (In Russ).

. Yakovleva GA, Semanyuk TV, Kondratyuk AV, Bashko DV, Rodkina IA. Genital breeding

of somatic hybrids and new potatoes initial forms creation. In: Turko SA. (ed.) Kartofelevodstvo
[Potato Growing]. Minsk: Research and Practical Centre of National Academy of Sciences
of Belarus for Potato, Fruit and Vegetable Growing; 2017. 25:94—104. (In Russ).

Jacobsen E, Schouten HJ. Cisgenesis, a new tool for traditional plant breeding, should be
exempted from the regulation on genetically modified organisms in a step by step approach.
Potato Research. 2008; 51:75—88. doi: 10.1007/s11540-008-9097-y

Yankovskaya EN, Vojtka DV, Brechko EV, Elisovetskaya DS, Nastas TN. Ontogenetic
peculiarities of colorado potato beetle susceptibility to bio-preparation and plant extracts. In:
Turko SA. (ed.) Kartofelevodstvo [Potato Growing]. Minsk: Research and Practical Centre
of National Academy of Sciences of Belarus for Potato, Fruit and Vegetable Growing; 2014;
22:78—88. (In Russ).

Perlak FJ, Stone TB, Muskopf YM, Petersen LJ, Parker GB, McPherson SA, Wyman J, Love S,
Reed G, Biever D, Fischhoff DA. Genetically improved potatoes: protection from damage
by colorado potato beetles. Plant Molecular Biology. 1993; 22(2):313—321. doi:
10.1007/BF00014938

James C, Krattiger AF. Global Review of the Field Testing and Commercialization of Transgenic
Plants, 1986 to 1995: The First Decade of Crop Biotechnology. ISAAA Briefs No 1. Ithaca, NY:
ISAAA; 1996.

ISAAA. Global Status of Commercialized Biotech/GM Crops: 2016. ISAAA Brief No. 52.
Ithaca, NY: ISAAA; 2016.

I'EHETHUKA U CEJIEKIMA



Lenivko S.M., Boiko V.I. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):403—422

14.

10.

11.

12.

13.

Mozgova GV. Otsenka riskov vozdeistviya GMO na sokhranenie I ustoichivoe ispol'zovanie
biologicheskogo raznoobraziya, s uchetom riskov dlya zdorov'ya cheloveka [Risk assessment
of the impact of GMOs on the conservation and sustainable use of biological diversity, con-
sidering risks to human health]. Minsk: Pravoiekonomika Publ.; 2014. (In Russ).

Buonuorpaduyecknii cnncok

. HammonaneHbIN cTaTucTHYecKkuil komuTeT Pecmybmukm bemapyce. Pexwum mocrtyma:

http://www .belstat.gov.by/ofitsialnaya-statistika/. Jlara obpamenus: 01.08.2019.

. FAOSTAT // TlponoBosibCTBEHHAs! U cenbckoxo3siicTBenHas opranuzaius OOH. Pexum

nmoctyna: http://www.fao.org/faostat/ru/#data/QC [dara obpamienus: 29.10.2019.

. Xasxun D.E. Y cTOHUHBOCTD KapToderst K puTodTopo3y riazamu MOJICKYJIIPHOTO OHOTEXHOIIOra //

[Ipobnemsr arpobuoTtexnonoruu / mox pexn. I1.H. Xapuenko. M.: BHUUCB, 2012. C. 69—92.

. Hovaxoe FO.T., Enanckuti C.H. TlonmynsimnonHas reHetuka Phytophthora infestans // Muxosorus

ceronss / ox pex. FO.T. psikoBa, FO.B. Cepreesa. M.: HanmonansHast akaieMusi MEKOJIOTHH,
2007.T. 1. C. 107—139.

. Hawuncxuii A.B. Vicnonb3oBaHHe MEKCUKAHCKUX BUOB S. stoloniferum u S. polytrichon npu

CO3/IaHHMH MICXOJJHOTO MaTepualia, ycToiunBoro k ¢purodroposy // Kaprodeneroactro: ¢6. Hayd.
Tp. / mox pen. C.A. Typko. Munck: Hayud.-tipakt. mentp Harm. akan. Hayk bemapycu mo xapto-
(hermeBoACTBY ¥ MI0H0OBOIIEBOACTBY, 2015. T. 23. C. 56—68.

. @aouna O.A., bexemosa M.I1., Cokonosa E.A., Kysneyosa M.A., TU. Cmemanuna T.H., Pozo-

suna E.B., Xaexun O.E. Ypexaaronasi CeJIeKIys: UCI0JIb30BaHIE MOJIEKYJISIPHBIX MapKepOB
MPY CO3J[aHUU JTOHOPOB YCTOWYMBOCTH Kaptodens (Solanum tuberosum L.) k ¢putodToposy
Ha OCHOBE CJIOXKHBIX MEXBHIOBBIX THOpHIoB // CenbckoxossiiicTBennas ouonorus. 2017. T. 52.
Ne 1. C. 84—94. doi: 10.15389/agrobiology.2017.1.84rus

. Axoenesa I'A. ComaTryeckas THOpUIN3AIUS M KIeTOYHAs celekius kaprodens (Solanum

tuberosum L.) // bBuoTexHonoTNs B cenekunu pacteHuid. Kietodnas mmkeHepus / Hayd. pen.
A.B. Kunvuesckuit, JI.B. XotbuteBa. Munck: benopycckas Hayka, 2012. T. 3. C. 217—250.

. Axoenesa I'A., Cemaniok T.B., Konopamix A.B., Bawxko /[.B., Poovkuna HU.A. Cenexius

reHepaTHBHOIO MOTOMCTBa COMAaTHYECKHX THOPHUIIOB M CO3/JaHUE HOBBIX UCXOIHBIX (OpPM Kap-
todens // KaprodeneBonctro: cb. Hayd. Tp. / mox pen. C.A. Typko. Munck: Hay4.-mipakT. mieHTp
Ham. akan. mayk bemapycu mo KapToQeneBoACTBY W IIOIOOBOIIEBOACTBY, 2017. T. 25.
C. 94—104.

. Jacobsen E., Schouten H.J. Cisgenesis, a new tool for traditional plant breeding, should be

exempted from the regulation on genetically modified organisms in a step by step approach //
Potato Research. 2008. Vol. 51. P. 75—=88. doi: 10.1007/s11540-008-9097-y

Aunxosckaa E.H., Boumka /A.B., bpeuxo E.B., Enucogeykas /.C., Hacmac T.H. OHTOreHETHYE-
CKHE 0COOCHHOCTH BOCHIPHMMYHMBOCTH KOJIOPAJCKOrO JKyKa K BO3JCHCTBHIO OHOIIpenapaToB
U PaCTUTENBHBIX 3KcTpakToB // mox pea. C.A. Typko. Munck: Hayu.-mpaxT. neatp Har. akazn.
Hayk benapycu no kaprogeneBoacTy u mionooBoieBoactsy, 2014. T. 22. C. 78—388.
Perlak F.J., Stone T.B., Muskopf Y.M., Petersen L.J., Parker G.B., McPherson S.A., Wyman J.,
Love S., Reed G., Biever D., Fischhoff D.A. Genetically improved potatoes: protection from
damage by colorado potato beetles / Plant Molecular Biology. 1993. Vol. 22. No. 2. P. 313—
321. doi: 10.1007/BF00014938

James C., Krattiger A.F. Global Review of the Field Testing and Commercialization of Trans-
genic Plants, 1986 to 1995: The First Decade of Crop Biotechnology // ISAAA Briefs No. 1.
ISAAA: Ithaca, NY, 1996. 31 p. Available from: http://www.isaaa.org/resources/publications/
briefs/01/download/isaaa-brief-01-1996.pdf

Global Status of Commercialized Biotech/GM Crops: 2016. ISAAA Brief No. 52. ISAAA:
Ithaca, NY, 2016. 135 p. Available from: http://www.isaaa.org/resources/publications/briefs/
52/download/isaaa-brief-52-2016.pdf

GENETICS AND PLANT BREEDING 421



Jlenusxo C.M., botixo B.1. Bectauk PYIH. Cepust: Arponomust u )kuBoTHOBOACTBO. 2019. T. 14. Ne 4. C. 403—422

14. Moszosa I'.B. Ouenka puckos Bo3edcTBust MO Ha coxpaHeHHE U yCTOHUMBOE UCIIONB30BaHHUE
OMOJIOTHYECKOTO pa3HO00pa3ys, C yUETOM PUCKOB JUIS 310pOBbs desoBeka. MuHck: IIpaBo
" YKoHOMHKa, 2014. 58 c.

About the authors:

Lenivko Svetlana Mikhailovna — Candidate of Biological Sciences, Associate Professor, Department
of Zoology and Genetics, Brest State A.S. Pushkin University, 21, Cosmonavtov avenue, Brest,
224016, Republic of Belarus; e-mail: lenivko@brsu.brest.by

Boyko Viadimir Ivanovich — Candidate of Biological Sciences, Associate Professor, Department
of Botany and Ecology, Brest State A.S. Pushkin University, 21, Cosmonavtov avenue, Brest, 224016,
Republic of Belarus; e-mail: boikobio@yandex.by

006 aBTOpax:

Jlenusxo Ceemnana Muxaiinosna — KaHAHIAT OMOJIOTHYECKUX HAYK, JOUEHT Kadeapsl 300I0THH
U TeHeTHkH, bpectckuii rocynapctBennslil yausepcuter umenn A.C. [lymkuna, Pecrry6mmka bena-
pycs, 224016, r. bpect, BynasBap KocmonagTos, 1. 21; e-mail: lenivko@brsu.brest.by

botixo Braoumup Heanosuy — kaHanaaT OMOJIOTMICCKUX HAYK, JOIEHT Kadeapsl OOTAHUKH U KO-
norud, bpectckuii rocymapcTBernbnil yauepeuteT nmeHn A.C. [Tymkuna, Pecriyonuka benapycs,
224016, r. bpecr, bynsBap Kocmonastos, 1. 21; e-mail: boikobio@yandex.by



