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Abstract

Background and Aim. Climate change threatens food security, while integrated breeding
strategiesfor stress tolerance remain limited in Central Asia. This study aims to evaluate advanced
genomic and biotechnological tools for climate-resilient potato breeding under regional stress
conditions.

Materials and Methods. The study is based on a systematic review of recent publications indexed
in Scopus and Web of Science. Studies on genomic selection, molecular markers, CRISPR/Cas genome
editing, high-throughput phenotyping, in vitro technologies, microbiome applications, and digital
agriculture were analyzed. Emphasis was placed on abiotic stress tolerance and adaptation to climatic
variability in Kazakhstan and Central Asia.

Results. The results show that the integration of marker-assisted selection (MAS), genomic
selection, and genome-wide association studies (GWAS) improves breeding efficiency by up to 30—
50%. CCRISPR/Cas technologies enable the precise modification of genes regulating drought, heat,
and salinity tolerance. When combined with artificial intelligence, high-throughput phenotyping
improves the prediction of genotype-environment interactions. Plant biotechnology, including tissue
culture, somatic hybridization, and in vitro selection, accelerates development of stress-tolerant lines
and the preservation of genetic resources. Microbiome-based strategies enhance plant resilience and
nutrient-use efficiency. In potato, tolerance is polygenic and is associated with root architecture, water-
use efficiency, antioxidant systems, and photosynthetic stability. The integration of wild Solanum
species, genomic tools, and digital modeling improves adaptation to the combined stresses typical of
Kazakhstan.

Conclusion. Integrated genomic and biotechnological breeding significantly enhances potato
resilience and productivity, supporting sustainable agriculture and climate adaptation in Central Asia.

Keywords: abiotic stress; biotechnology; climate resilience; digital agriculture; genomic selection;
potato.

Introduction

In recent years, climate change has become one of the most significant challenges affecting
agricultural production worldwide. Increasing temperatures, irregular precipitation patterns, and the
growing frequency of extreme weather events, such as droughts and heat waves, are already affecting
crop productivity and stability [1]. These changes are particularly critical in regions with continental
climates, including Central Asia, where agricultural systems are highly sensitive to environmental
fluctuations [2].

Under these conditions, ensuring stable crop yields and food security requires the development
of plant varieties capable of maintaining productivity under stress conditions [3]. Traditional breeding
methods have played a fundamental role in crop improvement; however, their efficiency is often
limited by long breeding cycles and the complexity of traits such as drought and heat tolerance [4].

Recent advances in molecular biology and plant biotechnology have opened new opportunities for
improving crop resilience [5]. The use of genomic selection, molecular markers, and genome-editing
technologies allows researchers to identify and target genes associated with stress tolerance more
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precisely. At the same time, high-throughput phenotyping and digital tools make it possible to better
understand genotype-environment interactions [6].

In this review, the term conventional breeding refers to phenotype-based selection and
hybridization methods, whereas marker-assisted selection (MAS) and genomic selection (GS) denote
molecular approaches based on genetic markers and genome-wide prediction, respectively. The term
genome editing is used exclusively for targeted modification of DNA sequences using technologies such
as CRISPR/Cas, while plant biotechnology encompasses in vitro culture, micropropagation, somatic
hybridization, and related techniques.

Particular attention is currently being given to the integration of different approaches. Combining
classical breeding with genomic, biotechnological, and computational methods is considered a
promising strategy for developing climate-resilient crops [7].

Potato (Solanum tuberosum L.) is one of the key food crops worldwide but is highly sensitive to
abiotic stresses such as drought, high temperatures, and soil salinity. In the context of climate change,
improving potato resilience has become an important research priority, especially in regions such as
Kazakhstan, where environmental conditions are highly variable [8].

The aim of this study is to analyze modern breeding and plant biotechnology for improving potato
resilience to climate change, with a focus on their applicability under the conditions of Central Asia.

Materials and Methods

In this study, a systematic analysis of recent scientific publications was conducted. The analysis
included peer-reviewed articles published between 2015 and 2025, enabling a comprehensive
assessment of recent advances in the field of genomics, marker-assisted selection, genomic selection,
plant biotechnology, and digital agriculture. The literature search was conducted using international
databases such as Scopus, Web of Science, and PubMed, as well as leading scientific publishing
platforms and journals, including Frontiers, MDPI, Springer, Elsevier, and Genome Biology. In addition,
review articles, meta-analyses, and original studies reporting experimental and practical findings were
included.The search for publications used keywords and combinations of keywords in English: climate-
resilient crops, genomic selection, marker-assisted selection, CRISPR/Cas, genome editing, abiotic stress
tolerance, drought tolerance, heat stress, salinity, high-throughput phenotyping, omics technologies,
genomic selection (GS), as well as terms related to sustainable agriculture and digital technologies.
The selected studies addressed plant resistance to major abiotic stresses, including drought, elevated
temperatures, salinity, and their combined effects. Particular attention was paid to publications
describing modern breeding strategies, such as genomic selection, GWAS, QTL mapping, transgenic
approaches, genome editing, phenotyping, as well as systemic and interdisciplinary approaches to the
formation of plant resistance.

The selected studies were evaluated based on scientific novelty, availability of experimental data,
and practical relevance. The selection was made taking into account the geographical diversity of
the studies, including works devoted to regions with high climatic risk. The methodological basis of
the study was a qualitative analysis of scientific data, including a comparative assessment of modern
approaches, their classification, and systematization. The information obtained was grouped according
to the main directions of development of climate-resistant breeding and biotechnology, which made it
possible to identify key trends, advantages, and limitations of modern methods, as well as to determine
promising areas for further research and practical application.

Results

Current trends in crop breeding in the context of climate change

An analysis of recent studies shows that modern crop breeding is increasingly shifting toward the
integration of genomic and digital approaches. These findings indicate that this field is undergoing a
rapid transformation, characterized by a shift from predominantly phenotypic selection toward the
integration of genomic, biotechnological, and digital approaches. Under current climatic conditions,
traditional breeding remains of fundamental importance; however, its effectiveness is significantly
enhanced through the use of molecular markers, genomic selection, high-throughput phenotyping,
and genome editing methods. This combination accelerates the identification of adaptive genotypes,
improves selection accuracy, and shortens breeding cycles.
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One of the key strategies is the integration of genomic technologies into breeding programs.
Modern methods based on the use of pan-genomes, SNP markers, marker-assisted selection (MAS),
and genomic selection (GS) enable more efficient exploitation of the genetic diversity of cultivated
plants and their wild relatives [9]. Recent studies of the potato pan-genome have shown that extensive
structural variations and haplotype diversity can be used to accelerate genomics-assisted breeding
and improve the identification of adaptive alleles associated with stress tolerance. This approach can
accelerate the development of varieties with improved tolerance to drought, heat, and salinity, and
also helps increase yield stability under a changing climate [10].

The development of genomic technologies, including pan-genome studies, GWAS, and QTL
mapping, has significantly expanded opportunities for studying the genetic architecture of plant
resistance to abiotic stresses. It has been established that resistance to drought, heat, and salt stress is
of a complex polygenic nature, thereby requiring comprehensive breeding strategies that account for
genotype-environment interactions.

Recent significant progress has been associated with the development of genome editing
technologies, primarily the CRISPR/Cas system, which enables the targeted modification of genes
controlling plant resistance to stress factors. A number of studies have shown that this approach helps
increase tolerance to adverse environmental conditions, including water stress, extreme temperatures,
and damage caused by pathogens. At the same time, the need to evaluate the effectiveness of the
resulting plant lines under field conditions is emphasized, since plant resilience is determined not
only by genetic factors but also by the interaction between genotype and the environment [11].
Furthermore, the practical implementation of genome editing in some countries is constrained by
regulatory and ethical considerations, highlighting the need for harmonized regulatory approaches to
these technologies.

An important area of research is the integration of genomic approaches with high-throughput
phenotyping, which enables a comprehensive evaluation of breeding material. The concept of
«next-generation breeding» involves combining genomic, molecular, and digital technologies, which
significantly improves selection accuracy and accelerates the breeding process [1]. In this regard,
the integration of genomic data with the results of phenotypic tests under various environmental
conditions is considered a key factor in enhancing the reliability of the breeding process.

Traits related to drought tolerance, heat tolerance, and salt tolerance are predominantly polygenic,
making GWAS and QTL mapping valuable tools for identifying loci associated with climate resilience
[2]. An example of the successful application of this approach is the introduction of the SUB1 gene into
the «Svarna-Subl» rice variety, which provided tolerance to waterlogging and yield stability under
flood conditions [12].

Broadening genetic diversity is a key component of modern breeding programs. International
breeding programs aimed at developing drought-tolerant maize hybrids have demonstrated high
effectiveness when grown in regions with unstable water availability. At the same time, there is
growing interest in crops with natural resistance to adverse conditions, such as millet, sorghum,
and cassava [13], which are capable of producing yields under conditions of low humidity and high
temperatures [14].

Promising methods include transgenic technologies, which allow for the introduction of genes that
enhance plant tolerance to adverse environmental factors, as well as somatic hybridization, which
helps expand the genetic diversity of agricultural crops. Cell technologies, including tissue culture and
in vitro cell selection, play an important role in obtaining stress-tolerant forms and accelerating the
propagation of breeding material [15].

Current research also points to the significant potential of microbiome-related technologies.
Rhizosphere microorganisms and endophytes can enhance plant stress tolerance, improve nutrition,
and stimulate growth, which is considered a promising and environmentally sustainable area of
biotechnology. In addition, digital methods in plant breeding are being actively developed, including
the use of big data, remote sensing, artificial intelligence, and predictive modeling to assess the
adaptive potential of genotypes and predict their performance under changing climatic conditions
[16]. It is expected that the integration of artificial intelligence with genomic resources and phenotypic
databases willimprove the prioritization of candidate genes, the prediction of “genotype-environment”
interactions, and decision-making in potato breeding programs.
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Thus, modern breeding programs are characterized by a shift from traditional methods to the
comprehensive use of genomic, biotechnological, and digital technologies. The integration of pan-
genomic analysis, GWAS, genomic breeding, high-throughput phenotyping, artificial intelligence
methods, and genome editing significantly enhances the efficiency of developing crop varieties
adapted to changing climatic conditions.

Modern approaches to potato breeding to enhance climate resilience

The potato (Solanum tuberosum L.) plays a significant role in research aimed at developing
climate-resilient crops, because it is highly sensitive to abiotic stresses, including drought, elevated
temperatures, and soil salinity. In the context of global climate change, this crop is therefore
considered a priority for the development of stress-tolerant varieties. Recent studies show that potato
tolerance to adverse environmental factors is complex and polygenic in nature, determined by the
interaction of numerous genes regulating water balance, photosynthetic activity, antioxidant defense,
and carbohydrate metabolism [17].

In recent years, genomic selection and molecular marker-assisted breeding methods have been
actively used to identify loci associated with potato tolerance to drought, heat, and salt stress. The use
of SNP markers, GWAS analysis, and QTL mapping help accelerate the breeding process and improve
the accuracy of selecting genotypes with enhanced adaptability. It has been shown that potato stress
tolerance is closely linked to root system characteristics, water uptake efficiency, and the ability to
maintain photosynthetic activity under adverse conditions [18, 19, 20].

Recent studies have demonstrated the successful application of CRISPR/Cas in potato breeding to
modify genes involved in hormonal regulation, antioxidant defense, and starch metabolism, thereby
increasing tolerance to drought, heat, and salinity [20].

Recent review articles indicate that CRISPR/Cas technologies are successfully used to increase
resistance to abiotic stress, disease resistance, and tuber quality, underscoring their growing
importance in modern potato breeding [21].

In potato breeding, tissue culture and microclonal propagation remain valuable tools for the rapid
propagation of elite genotypes, the preservation of germplasm, and the in vitro screening of resistance
to abiotic stress [22].

Of particular importance is the use of wild species of the genus Solanum as sources of resistance
genes. Introgression of genes conferring resistance to drought, diseases, and extreme temperatures
from wild relatives helps broaden the genetic base for potato breeding. Combined with modern
molecular methods, this accelerates the development of adapted varieties. Modern breeding strategies
increasingly combine pan-genomics, genome-wide association studies, genomic selection, and CRISPR/
Cas-based gene editing to accelerate the development of potato varieties with stable resistance and
enhanced climate resilience [23].

Thus, current research indicates that the development of climate-resilient potato varieties is
impossible without the integrated use of molecular genetics, biotechnology, tissue culture, and
modern genomic technologies. Their combined application can significantly accelerates the breeding
process and improves the accuracy of selecting promising genotypes.

Recent advances in potato breeding and biotechnology in Kazakhstan and Central Asian countries

In Kazakhstan and other Central Asian countries, potato production faces increasing challenges due
to recurring droughts, rising summer temperatures, irregular rainfall patterns, and soil degradation.
In particular, the northern and northeastern regions experience significant year-to-year climate
variability, which negatively affects yield and tuber quality. Consequently, breeding programs must
prioritize the development of varieties that combine drought tolerance, heat tolerance, and resistance
to major pathogens while maintaining stable yields under fluctuating environmental conditions. In this
context, the integration of traditional breeding, marker-assisted selection (MAS), genomic selection,
and in vitro biotechnology represents one of the most promising strategies for developing potato
varieties adapted to regional climatic conditions and for enhancing agricultural resilience.

In the context of climate change, the issue of enhancing potato resilience is of particular relevance
for Kazakhstan and other Central Asian countries, where agricultural production takes place under a
sharply continental climate [20, 25, 26]. The region is characterized by longer periods of drought, higher
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average daily temperatures during the growing season, uneven precipitation distribution, and soil
degradation, which lead to reduced yields, poorer tuber quality, and an increased risk of physiological
disorders and stress-induced damage in potato plants [27, 28]. In the northern and northeastern
regions of Kazakhstan, climate variability is accompanied by significant fluctuations in temperature and
moisture availability, which necessitates the development of varieties that combine high productivity,
resistance to abiotic stresses, and adaptability to local agroecological conditions [29].

At present, research in Kazakhstan has focused on incorporating modern breeding methods and
biotechnology into programs for developing new potato varieties. Alongside traditional hybridization,
molecular markers, methods for assessing genetic diversity, tissue culture, and microclonal propagation
are increasingly being used to accelerate the production of disease-free planting material and enhance
the efficiency of the breeding process [30, 31]. A prime example of the implementation of molecular
genetic technologies is the study conducted by K. Adilbayeva et al. (2024), in which a molecular
assessment was conducted on 352 potato samples from the Kazakhstani collection using 30 DNA
markers associated with resistance to the most dangerous pathogens and pests. As a result, varieties
and breeding lines containing the greatest number of resistance genes were identified, and the authors
concluded that the use of marker-assisted selection (MAS) and gene pyramiding holds great promise
for the development of new domestic potato varieties. This study demonstrates the transition of
Kazakhstani plant breeding from traditional methods to the application of modern molecular genetic
technologies.

One example of the development of modern breeding stock is the study conducted by Zh. Abilda,
Z. Sapakhova, A. Sidorik et al. (2024) at the Institute of Plant Biology and Biotechnology (Almaty). The
authors conducted hybridization of domestic and foreign potato varieties with the aim of obtaining
early-maturing forms suitable for cultivation in Kazakhstan. Four crossing combinations were used
in the study, of which seven hybrid combinations proved successful (57%). As a result, promising
hybrid clones were obtained that combine the traits of early maturity, yellow flesh color, shallow eye
placement, and the absence of enzymatic browning of tubers; these are considered as source material
for further breeding programs [30].

This work was continued in a study by Z. Sapakhova et al. (2024), in which 42 potato breeding lines
derived from crosses between the «Yagodny 19» variety and clone CIP 397079-6 were examined during
the early stages of breeding. Using molecular markers associated with maturity, tuber shape, and
flesh color, the most promising lines were selected for further breeding programs under Kazakhstani
conditions [32].

The development of biotechnological methods plays an important role in modern potato research
in Kazakhstan. A.M. Argynybaeva, D.L. Daurov, Z.B. Sapakhova, K.Zh. Zhambakin et al. (2023) note that
tissue culture, microclonal propagation, and the production of microtubers and minitubers form the
basis of the modern system for producing virus-free seed potatoes. The use of plants sanitized via in
vitro meristem culture significantly accelerates the production of high-quality planting material and
reduces the risk of viral infection spread in potato seed production [33].

According to A.M. Argynbayeva et al. (2023), the production of virus-free planting material in
Kazakhstan is based on in vitro apical meristem culture, microclonal propagation of regenerated
plants, and the subsequent production of micro- and mini-tubers. The study by Volkov et al. (2020)
demonstrates that the use of temporary immersion bioreactors significantly accelerates the mass
propagation of virus-free potato plants and reduces the risk of viral infection spread during seed
production [34].

Recent advances in Kazakhstan include improvements in technologies for producing disease-free
seed potatoes based on in vitro apical meristem culture, microclonal propagation, and the production
of micro- and mini-tubers, which form the basis of the modern system of original and elite potato
seed production [33]. According to A.M. Argynbayeva et al. (2023), the use of apical meristem culture,
microclonal propagation, and the production of micro- and minitubers ensures the production of high-
quality, virus-free planting material. Inturn, research by I.N. Anikina et al. (2023) showed that optimizing
in vitro culture conditions — particularly temperature — significantly increases the propagation rate,
stimulates organogenesis, and contributes to more efficient production of initial potato seed material [35].

A promising direction for the development of modern potato breeding is the introduction of
molecular methods for evaluating breeding material. The use of DNA markers allows for the early
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identification of genes conferring resistance to the most dangerous diseases and pests, significantly
reducing the duration of the breeding cycle and increasing the accuracy of selection. Modern molecular
markers associated with genes conferring resistance to biotic and abiotic stresses are widely used in
marker-assisted breeding, enabling the effective identification of promising genotypes at early stages
of the breeding process [36, 37, 38].

Despite significant progress in the development of genomic technologies, their widespread
adoption in practical potato breeding remains a challenging task. This is due to the high cost of
genotyping, the need to establish large training populations, the development of bioinformatics
infrastructure, and the integration of genomic data with high-precision phenotyping. According to Zh.
Chunzhi et al. (2024), M. Mascher et al. (2024), as well as Alemu et al. (2024), further improvements in
breeding efficiency will depend on the comprehensive use of genomic breeding, pan-genomic analysis,
high-throughput phenotyping, artificial intelligence methods, and genome editing. This integrated
approach is considered the most promising direction for developing climate-resilient potato varieties,
and is of significant interest to breeding programs in Kazakhstan and other Central Asian countries [39,
40]. Thus, domestic research demonstrates a consistent trend toward integrating classical breeding
with modern biotechnological and molecular-genetic methods. The development of microclonal
propagation technologies, the production of disease-free planting material, marker-assisted breeding,
and genotyping provides the scientific foundation for the accelerated development of potato varieties
adapted to the soil and climatic conditions of Kazakhstan and other Central Asian countries.

Discussion

A review of the literature indicates that modern potato breeding is moving toward the integrated
use of traditional breeding approaches, molecular genetic methods, and biotechnology. While
classical breeding remains the foundation for developing new varieties, the use of molecular markers,
genomic selection, in vitro technologies, and high-throughput phenotyping allows for a significant
increase in selection accuracy and a reduction in the duration of the breeding process. Consequently,
the effectiveness of developing climate-resilient varieties is determined not by the use of any single
method, but by their comprehensive integration.

The analyzed studies demonstrate that different breeding approaches complement rather than
replace each other. Marker-assisted selection (MAS) is highly effective for traits controlled by major
genes, whereas genomic selection is more suitable for complex polygenic traits such as drought and
heat tolerance. Genome editing technologies, including CRISPR/Cas, enable targeted modification of
candidate genes but still require comprehensive field validation before their large-scale implementation
in breeding programs. Therefore, the highest breeding efficiency can be achieved through the
integration of these complementary approaches rather than by relying on any single technology.

To assess the capabilities of modern breeding approaches, a comparative analysis was conducted
based on their main advantages, limitations, and potential applicability in potato breeding (Table 1).

Table 1. Comparative analysis of major breeding and biotechnological approaches for developing
climate-resilient potato cultivars

Potential
Method Advantages Limitations Example in potato applicability in
Kazakhstan
Conventional Low cost, widely Long breeding Early-maturing High
breeding used cycles cultivars g
Marker-assisted Rapid identification Limited for PVY resistance High
selection (MAS) of target alleles polygenic traits genes &
Genomic selection High predictive Requires large Drought tolerance .
(GS) accurac datasets and rediction High
¥ bioinformatics P
Precise genome Regulatory
CRISPR/Cas ediﬁn restrictions and StCDF1, StSP6A Moderate
& public acceptance
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Continuation of Table 1

Rapid propagation

phenotyping

environment

costs

environment

In vitro Requires laboratory Virus-free seed .
. and germplasm A High
biotechnology . infrastructure potatoes
conservation
Al-assisted 'mFng:;cE’tred;C:'on High equipment Prediction of
g yp ghequip genotype x Promising

interactions

As the comparative analysis shows, each of the methods considered has its own advantages
and limitations. Traditional breeding remains the most accessible approach, but it takes a long time
to develop new varieties. Marker-assisted breeding is most effective when working with individual
resistance genes, whereas genomic breeding has advantages in evaluating complex polygenic traits,
including resistance to drought and high temperatures. Therefore, the most promising approach is the
integrated use of various breeding methods.

An analysis of domestic research shows that technologies for microclonal propagation, the
production of disease-free planting material, and the molecular evaluation of breeding material are
being successfully implemented in Kazakhstan. At the same time, the application of genomic selection,
high-throughput phenotyping, and genome editing technologies is currently represented by only a
limited number of studies. This underscores the need for further development of modern genomic and
biotechnological infrastructure to enhance the effectiveness of domestic breeding programs.

Compared with leading international breeding programs, the implementation of advanced genomic
technologies in Kazakhstan remains at an early stage. Nevertheless, recent studies demonstrate a clear
transition from conventional breeding toward the application of DNA markers, microclonal propagation,
and molecular evaluation of breeding material. Further development of genomic selection, artificial
intelligence-assisted phenotyping, and bioinformatics infrastructure will be essential for accelerating
the development of climate-resilient potato cultivars adapted to regional conditions.

At the same time, the effectiveness of modern breeding approaches still requires comprehensive
evaluation under field conditions and across various agroecological zones. This is particularly important
for crops such as potatoes, whose stress tolerance is determined by complex interactions between
genotype and the environment. This is especially relevant for Kazakhstan, where potato plants are
often simultaneously exposed to high temperatures, moisture deficiency, and sharp fluctuations in
weather conditions during a single growing season.

Thus, the most promising approach to enhancing potato resilience to climate change is the
integrated use of traditional breeding, molecular genetic methods, and biotechnology. For Kazakhstan,
the further development of marker-assisted breeding, the improvement of technologies for producing
disease-free planting material, and the expansion of research on evaluating new genotypes under the
country’s various soil and climate conditions are of particularimportance. Integrating these approaches
will accelerate the development of potato varieties adapted to current climatic conditions.

Conclusion

An analysis of current scientific research has shown that it is not possible to increase potato
resilience to climate change through any single breeding approach. The most effective strategy is
the comprehensive integration of traditional breeding, marker-assisted breeding, genomic breeding,
genome editing technologies, and modern biotechnological methods. Their combined use can improve
selection accuracy, shortens the breeding process, and accelerates the development of varieties
resistant to major abiotic stresses.

An analysis of domestic research indicates that technologies for microclonal propagation, the
production of disease-free planting material, and the molecular evaluation of breeding material are
already being successfully implemented in Kazakhstan. At the same time, the further development of
breeding programs should involve the broader use of genomic selection, high-throughput phenotyping,
and digital technologies to accelerate the development of potato varieties adapted to the country’s
soil and climatic conditions.
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Promising areas for further research include expanding the use of molecular genetic methods
in domestic breeding, conducting comprehensive evaluations of new genotypes under various
agroecological conditions in Kazakhstan, and integrating genomic, biotechnological, and digital
technologiesinto practical potato breeding programs. Implementation of these approaches canenhance
the adaptability of new varieties to changing climatic conditions and contribute to strengthening
food security in Kazakhstan and other Central Asian countries. Overall, this review demonstrates that
integrating conventional breeding with genomic, biotechnological, and digital approaches provides
the most promising strategy for developing climate-resilient potato cultivars and adapted to the
agroecological conditions of Kazakhstan and Central Asia.
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KnumatTbiK e3repictepre Kapcbl KApTONTbIH, TO3IMAINITIH apTTbIPy YLWiH CeNeKuma KaHe
6uoTtexHonorus

KnpeHko B.A., AHUKMHa L. A.
«TopanfblpoB yHMBepcuTeTi» KeAK, MNMaBnoaap, KasakcraH

Tyitin

AnfbillapTTap MeH MakcaT. KnmmaTtTbiH e3repyia3blK-Ty ik Kayincisairine kayin teHaipeai; OpTanbik
A3uaga cTpecke TO3iIMAINIKTI apTTbipyFa OafbiTTaNfaH KeweHadi cenekumuanblk cTpaTernsiapabl icke
acblpy MyMKiHAiKTepi wekKTeyni. Ocbl 3epTTeyaiH, MaKcaTbl — OHIPAIK CTpecc XafaalbiHaa KAMMaTKa
Te3iMAi KapTon CenekuMaAchl YLiH 03blK FEHOMAbIK *KaHe BMOTeXHONOTUANBIK Kypanaapabl baranay.

MaTtepuangap MeH agictep. Scopus kaHe Web of Science paepekkopnapbiHAafFbl COHFbI
KapusnaHbiMmZapFa Kyheni wony Kyprisingi. FeHoMAapblK, cenekuusa, MONEKYanblK MapKepnep,
CRISPR/Cas »yieciH naiganaHa OTbipbin reHOMAbl ©HAEeY, KOofapbl eHiMai deHotunTey, in vitro
TeXHO/IOTUANAPbl, MUKPOOMOMAblI KONZaHYy KaHe uMdp/blK aybln LWapyalbliblifbl 3epTTeyepi
TangaHapbl. Atan aiiTkaHga KasakcrtaHaa xaHe OpTanbik A3vana abMoTMKanbIK CTPecKe Te3iMainik nex
KAMMaTTbIH, ©3repriTiriHe bellimaenyre epekiue Hasap ayaapbinab.

Hatuxkenep. Tangay kKepceTkeHaen, MAS, reHomabiK cenekuma KaHe GWAS-Tbl 6GipiKTipy
CeneKkUuMAHbIH, ONAIMNH apTTbipbin, ecipy uukngapblH 30-50% KbICKApPTYy apKblibl CENEKUMANDIK
YYMbICTbIH, TMiIMAiNIriH »akcapTagbl. CRISPR/Cas TexHOMOrMANapbl KYpFakLIbIbIKKa, bICTbIKKA XaHe
TY34bINbIKKA TO3IMAINIKTI peTTenTiH reHgepai Aan Ty3eTyre MyMKiHAiK 6epeai. Mofapbl eHimAi
deHoTUNTEY XKacaHabl MHTeNNeKTNeH BipikTipinreHae reHOTUN-opTa ©3apa apekKeTTecyiH bonxayabl
akcapTagpl. TIHAIK KyAbTypa, COMaTUKaNbIK rMbpunamsauma KaHe S cenekums CuaKTbl BUONOTrNANbIK
TEXHO/IOTUANAP CTPECCKe Te3imai AMHMANAPAbl AaMbITYAbl KeaenaeTin, reHeTUKablK, pecypcTapapl
cakTanabl. MuUKpobMOMFa HerisgenreH cTpaTervanap ecCiMAiKTepAaiH Te3iMAiNiriH KoHe KOpPeKTiK
3aTTapAbl naganaHy TMimainiriH apTTbipaapl. KaptonTa Te3imainik noanreHAiK cMnaTtka ne *kaHe TaMblp
KYMECiHIH, KypblibiMbl, CyAbl NakganaHy TUIMAINIT, aHTUOKCUAAHTTLIK Kyhenep meH ¢OTOCUHTE3
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TYPaKTbI/bIFbIMEH 6annaHbIcTbl. abanbl Solanum TypnepiH, reHoOMAbIK, Kypangapabl *KaHe caHAblK
mogaenbaeyai 6ipikTipy KasakcraHfa ToH apaJsiac CTpecc KafaainapbliHa berimaenyai »kakcaprabi.
KopbITbiHAbI. KeweHai reHOMUKanbIK *KaHe BMOTEXHONOMMUANBIK CeNeKkuma KapTonTbiH Te3iMAainiri
MEH eHIMAiNiriH aiTapabikTalh apTTbipadbl, 6yn OpTanbiKk A3uMsaa TyPaKTbl ayblil Lapyallbl/ibifbIH
OAMbITYFa KaHe KNIMMaTTbIK e3repictepre beliimgenyre biknan eTeai.
Kint cesgep: abuoTuKanblK CTpecc; OMOTEXHOIOMUA; KAMMATKa Te3iMAinik; caHAplK aybla
LlapyaLblNbIFbl; FEHOMUKA/bIK CENEKLMA; KapTon.

CeneKkuusa n 6UMOTEXHONOrMM ANA NOBbILWEHUA YCTOMUMBOCTU KapTodena K U3MeHeHUIo KAimmara
MunageHko B.A., AHnKMHa U. A.
HAO «TopaiirbipoB yHMBepcuTeT», MNaBnogap, KasaxcraH

AHHOTauumA

MpeAnocbiNkM U Uenb. M3meHeHMe KaumaTta yrporkaeT NpoAoBONbCTBEHHOM 6He3onacHocTH;
B LleHTpanbHOM A3MM NO-NpeKHeMy OrpaHMyYeHbl BO3MOMKHOCTU MPUMEHEHUA KOMMIEKCHbIX
CeNeKUMOHHbIX CTpaTerni, HanpaB/ieHHbIX Ha MOBbIWEHWE CTPeccoycTonymsocTu. Llenbio gaHHOro
nccnefoBaHUA ABNAETCA OLEHKa NepesoBblX FEHOMHbIX U BMOTEXHONOMMYECKMX MHCTPYMEHTOB A4
cenekumm kKaptodena, yCToMYMBOrO K KAMMATUYECKUMM M3MEHEHWAM, B YC/IOBUAX PErnmoHasibHOro
cTpecca.

Matepuanbl U meToapl. Bbln NpoBefeH cUcTEMATUYECKM 0630p HepaBHUX nybauKauui m3
6a3 gaHHbiXx Scopus u Web of Science. Bbian npoaHanM3MpoBaHbl UCCNEA0BaHUA MO FEHOMHOM
cenekumm, MONEKYNAPHbIM MapKepam, pPesakTUpoBaHWIO reHoma ¢ nomolbto  CRISPR/Cas,
BbICOKONpPOM3BOAUTENIBHOMY GEHOTUNMPOBAHMUIO, TEXHONOTUAM in Vitro, NPUMeHeHMI0 MUKpobroma
N umdpoBOMy cenbCKoMy X03aicTBy. Ocob0e BHUMaHUE yAeNanocb YCTOMYMBOCTM K abUoTMUECKOMY
CTpeccy M afanTaumm K KAIMMATUYeCKOM U3MeHYMBOCTM B KasaxcTaHe u LleHTpanbHoMn A3uu.

Pe3ynbTatbl. AHanM3 noKasan, yto uHTerpauma MAS, reHomHol cenekumm n GWAS nosbiwaeT
3¢ PEKTUBHOCTb CEMEKLMM 3a CHET MOBbILEHMA TOYHOCTU OTOOPA M COKPALLEHMA CENEKLMOHHbIX LUKIOB
Ha 30-50%. TexHosnormm CRISPR/Cas no3BonstoT TOYHO MoAMPULMPOBATL FeHbl, peryanpytoume
YCTOMYMBOCTb K 3acyxe, ape W 3acosieHHOCTU. BbicokonpoussoautTenbHoe ¢GeHOTUNMPOBAHUE B
COYEeTaHUM C UCKYCCTBEHHbBIM MHTE/IEKTOM YydLlaeT NPOrHo3MpoBaHMe B3aMMoLeNCTBUI reHOTUnN-
OKpyKatowaa cpefa. buoTexHosornyeckme nogxodbl, BKAOYAA KYy/AbTYypy TKAHEW, COMATUMUYECKYHO
rmMbpuamsaLmio U cenekumto in vitro, yCKOPAOT pa3paboTKy CTPECCOYCTOMUYMBBIX IMHUIN U COXPAHSAIOT
reHeTu4yeckme pecypcbl. CTpaTtermm, oOCHoOBaHHble Ha MUMKPOGMOME, MOBbLILWAKT YCTOMYMBOCTb PACTEHWI
n 3dGdEKTUBHOCTb MCMNOJIb30BAHUA MUTATE/IbHbIX BelwecTB. Y KapTodena ycTOMYMBOCTb ABAAETCA
NOSIMIFEHHOMN M CBA3aHA CO CTPOEHMEM KOPHEBOW cucTembl, 3GGEKTUBHOCTbIO MCMOb30BAHNA BOAbI,
AHTMOKCUAAHTHBIMM CUCTEMAMM U CTabUNbHOCTBbIO GOTOCUHTE3A. MHTErpaums gUKKUX BUAo0B Solanum,
reHOMHbIX MHCTPYMEHTOB M LLMDPOBOrO MOAENMPOBAHMA YAyYLIAET afanTaLmio K KOMOMHMPOBAHHbBIM
cTpeccam, XxapakTepHbiMm ana KasaxctaHa.

3akntoyeHne. KomnnekcHana reHOMHas M BMOTEXHOIOTMYECKan cenekLma 3HaYnTeIbHO NOBbILLAET
YCTOMUYMBOCTb U NPOAYKTUBHOCTb KapTodens, cnocobcTBys YCTOMUMBOMY CE/bCKOMY XO3AMCTBY U
a[anTaunmn K UISMEHEeHM o Knmmarta B LleHTpanbHoi Asunu.

KnioueBble cnoBa: abuOTUYECKUIA CTpecc; OMOTEXHONOTUA; KAMMATMYEeCKasa YCTOMUYMBOCTD;
undpoBOE ceNbCKOe XO3ANCTBO; FEHOMHAA cenekuma; Kaptopensb.
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