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Abstract. Viral infections pose a serious threat to crop production in Kazakhstan
and worldwide, negatively affecting the growth, development, and productivity
of agricultural crops. Under conditions of multiple stresses, such as drought,
extreme temperatures, soil salinity, and pathogen damage, viruses aggravate
physiological changes in plants, disrupting their metabolic pathways and
reducing resistance to adverse factors. Particular attention is paid to the effect
of viral infections on the biosynthesis of anthocyanins, important compounds
involved in plant defense mechanisms. In this work, it was shown that infection
with tomato bushy stunt virus (TBSV) caused more damage to the middle
leaves of the model plant compared to other leaves, and the upper leaves
stopped developing. In addition, necrosis was observed in the middle leaves,
which led to further programmed cell destruction (PCD). Moreover, infection
with the TBSV virus led to a significant increase in hydrogen peroxide levels and
accumulation of anthocyanins in Nicotiana benthamiana plants. These changes
indicate a disturbance in the redox balance and activation of defense reactions
in response to viral infection. The findings highlight the importance of studying
the interaction of viruses with plants to develop strategies to improve crop
resistance to viral infections and other stress factors.
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Introduction

Viral infections pose a significant threat to agricultural production and can cause significant
damage to global food security [1]. The development of viral infections in economically important
crops over several generations leads not only to yield losses caused directly by the viruses
themselves but also to degradation or degeneration of varieties, thereby increasing the harmful
effects. In general, this phenomenon can lead to yellowing of leaves, changes in their shape and
height of stems, and a decrease in vegetative mass and quality of harvest [2]. One of the deadly
affecting causes is viral invasion of plant tissue, which leads to necrosis and programmed cell death
(PCD). Plants experience a variety of metabolic and physiological changes during stress, including
changes in shoot/root biomass, reduced photosynthesis and nutrient intake, and suppression of
flowering and seed development, all of which contribute to decreased growth and productivity [3].

Tomato bushy stunt virus (TBSV) is a member of the Tombusviridae family and possesses
a single-stranded positive RNA genome of about 4800 nucleotides encased by 180 capsid
protein subunits [4]. TBSV is composed of 30 nm-diameter spherical particles with a positive-
sense single-stranded RNA genome of about 4.8 nt that encodes five main open reading frames
(ORFs). ORF1 and ORF2 are necessary for viral replication. ORF3 encodes the coat protein,
whereas ORF4 encodes the viral movement protein, which is required for cell-to-cell mobility
and symptom detection on particular host plants. ORF5 products play a role in inducing necrotic
signs as well as the virus's long-distance transmission, depending on the host [5].

The virus has five unique open reading frames: p33 and p92 for the replicase, which are
translated from genomic RNA; P41, the capsid protein, is translated from subgenomic RNA 1,
while P22 and P19 are translated from subgenomic RNA 2. P19 is the key determinant of the
virus's pathogenicity, and it suppresses RNA interference-based defensive systems [6,7].

This virus spreads naturally through contaminated seeds and propagative material, as well as
through manual use of infected cutting equipment [8]. TBSV has a limited host range, affecting
just a few dicotyledonous species from several families. It also affects numerous vegetable crops [9].

TBSV causes stunting, bushy growth, distortion, and necrosis in tomatoes, eggplants, and
peppers. Fruits of infected plants develop necrosis and chlorotic blotching, causing significant
economic damage such as production loss and decrease in the quality of commercial solanaceous
crops farmed in greenhouses and fields [5].

Therefore, there is an urgent need to study in detail the defense mechanisms used by plants
against viral infections. Reactive oxygen species (ROS) play a crucial role in responding to viral
infections by integrating various signalling networks and activating plant defense mechanisms [10].

Reactive oxygen species (ROS) are obligatory products of metabolism in living organisms
and have several types of these molecules, including the superoxide radical (0O,e-), hydrogen
peroxide (H,0;), hydroxyl radical (¢OH), singlet oxygen (*0,), peroxy radical (ROOe), and
alkoxyl radicals (ROe) [11-15]. ROS production happens in plant tissue as a consequence of
cell wall peroxidases, amine oxidases, NADPH oxidases, oxalate oxidases, lipoxygenases, and
quinone reductase [16,17]. ROS accumulated in plant tissue under stress conditions, such as
high temperature, salinity, low temperature, and biotic stresses such as virus invasion, bacterial
infection, and other agents [18,19]. Excessive ROS accumulation negatively affected plant tissue
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and led to significant damage, which was described as oxidative damage [19]. Nucleic acid
degradation, carbohydrate, protein, and lipid peroxidation that lead to PCD.

ROS accumulation serves as a signalling molecule to activate the defense system of plants,
such as non-enzymatic (tocopherol, proline) and enzymatic (ascorbate peroxidase, catalase,
superoxide dismutase, peroxidase, GSH) ROS scavenging molecules [20-22]. Furthermore,
reactive oxygen species damaged the photosynthetic apparatus of plants by reducing
photosynthesis efficiency, stomatal conductance, and chlorophyll content [23].

Moreover, during the virus infection, Sugarcane mosaic virus (SCMV) in transgenic sugarcane
was detected at a low level of ROS concentration; meanwhile, another hybrid of sugarcane
showed a higher level of ROS and MDA, which are evidence of disruption of cell ultrastructure
[18]. Between virus infection and ROS level, there are strong bounds, and in tobacco infected, it
has determined the uricase activity, which is mainly affected by hydrogen peroxide production
[24-27]. Also, cowpea cultivars treated by the ringspot virus showed higher accumulation of
superoxide and superoxide dismutase activity, which serves as a converter of superoxide to
hydrogen peroxide [24]. Additionally, higher levels of ROS and lipid peroxidation and protein
oxidation leading to Sharka symptoms were a consequence of long-term infection of the Plum
pox virus in Prunus species [25].

The increasing amount of H,0, triggers the production of anthocyanin under various
stresses. Anthocyanins are antioxidant compounds that help to mitigate oxidative stress by
neutralizing reactive oxygen species (ROS) like H,0,. Besides, H,0, might activate transcription
factors controlling the expression of genes responsible for anthocyanin biosynthesis, including
MYB, bHLH, and WD40 transcription factors; therefore, activation of these factors is significant
for anthocyanin pathways [26]. Also, H,0, interacts with plant hormones, including ABA, JA,
and ethylene, which are known modulators of anthocyanin accumulation [27]. Many of these
hormones also are induced by stress, again leading to coordinately responsive outcomes in
which anthocyanin synthesis is one of the consequences.

To address this issue, plants have developed a variety of ROS scavenging mechanisms,
including the induction of anthocyanin molecules, that provide protective benefits under stress
[28].0ne approach for conferring stress resistance on plantsis the accumulation of anthocyanins.
Anthocyanins are water-soluble flavonoid chemicals that give flowers, fruits, and vegetables
characteristic red, purple, orange, blue, and brown colors [29]. Under stress, anthocyanin
molecules accumulate in many plant tissues, providing considerable antioxidant activity and
inducing plant morphophysiological and metabolic responses [30]. Pigmented leaves and crops
aid in stress tolerance by increasing ROS scavenging [31]. Furthermore, different levels and
concentrations of anthocyanins contribute to plant biodiversity and adaptation, with pigmented
plants containing higher anthocyanin levels being more tolerant to various stress conditions
and beneficial for human nutrition [32].

For example, significant anthocyanin accumulation was observed under salt stress in wheat
genotypes of different colors [29]. In another case, grapevine cells under phosphate deficiency
showed anthocyanin accumulation responsible for stress tolerance [33]. Similar observations
of anthocyanin biosynthesis gene induction under stress conditions have been reported in
various crops, conferring stress tolerance [34]. Given their antioxidant properties, anthocyanins
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protect plants from adverse environmental conditions by scavenging stress-induced ROS and
are considered a promising approach to enhancing plant stress tolerance [35]. However, the
role of anthocyanins in the stress pathogen response remains underexplored.

This study aims to investigate the impact of viral infections on anthocyanin accumulation
in plants. Understanding how viruses interact with the metabolic pathways responsible for
anthocyanin synthesis can provide valuable insights into plant defense mechanisms and aid in
the development of more resilient crop varieties.

Materials and research methods

Grows of N. benthamiana

The Nicotiana benthamiana plants used in this study were cultivated in enriched soil
(Volshebnaya Gryadka, produced in Russia) within a controlled growth room under artificial
lighting conditions. To simulate optimal growth and development conditions, a long-day
photoperiod was established using alternately installed lamps with spectra of 2700 K and 6400
K, providing 16 hours of light (day) and 8 hours of darkness (night). Seeds were placed in soil
pre-moistened with distilled water, and seedlings were transferred into new individual pots
10-14 days following germination, as they grew. To avoid contamination, the planting pots were
sterilized with disinfectant treatments. The growth room had a relative humidity of 75-80% and
an air temperature of 23-27 2C. Watering was conducted three times a week with a consistent
amount of distilled water at the same time each day.

Preparation of material for inoculation

Plasmids containing TBSV cDNAs were linearized with Smal type Il restriction endonuclease
from ThermoFisher Scientific according to the manufacturer's instructions. The restriction
products were then purified by phenol-chloroform extraction with subsequent ethanol
precipitation. The linearized plasmids served as a template for the synthesis of TBSV viral RNA
transcripts. The reaction was carried out using a set of ribonucleotide mixture, reaction buffer,
and T7 polymerase from ThermoFisher Scientific. The in vitro transcription products were
separated and visualized in 1% agarose gel.

Horizontal agarose gel electrophoresis

Separated in 1% agarose gel with ethidium bromide for 40 minutes with buffer. An agarose
gel was prepared using a ratio of 500 mg agarose to 50 ml of buffer containing TRIS, boric acid,
and EDTA (TBE). Viral particles were detected on agarose gels using UV light. The presence of
DNA in the gel was detected under ultraviolet light using a Vilber Lormat gel documentation
system (France).

Inoculation with viral material

Inoculation was carried out by the rub-inoculation method. The transcripts obtained in vitro
were mixed with phosphate buffer and carborandrum. For inoculation, 2-3 leaves from the
middle tier were selected. Mechanical damage was caused by light movements, through which
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matrix RNA penetrates into plant tissues and cells. N. benthamiana plants aged 30-35 days were
inoculated with in vitro synthesized TBSV transcripts.

Immunodetection of viral proteins

To determine the presence of viral proteins, hydroxyapatite chromatography fractions from
healthy and virus-infected plants were separated on 15% polyacrylamide gels and transferred
to nitrocellulose membrane (Osmonics, Westborough, MA). Transfer efficiency was tested
by incubating the membrane in Ponceau S solution (Sigma, St. Louis, MO). Membranes were
incubated with anti-capsid protein antibody solution (1:5000) for 2 h. After washing three
times, secondary antibodies conjugated to alkaline phosphatase 1:3000 were added. NBT-BCIP
solution was used to visualize the formed immune complexes [36].

Detection of H,0, in N. benthamiana

The upper non-inoculated leaves were examined to identify ROS components, such as H202,
which are known for their detrimental effects on plant growth and development. For H202
detection, samples were extracted in 50 mM phosphate buffer (pH 7.5) at a ratio of 1:8 (w/v)
and centrifuged twice at 10,000 rpm for 10 minutes. The reaction mixture for detecting H202
consisted of 0.85 mM 4-aminoantipyrine, 3.4 mM 3,5-dichloro-2-hydroxybenzene sulfonate,
and 4.5 U/ml HRP in 2 ml of 50 mM phosphate buffer (pH 7.5) as previously described
by Yesbergenova et al. [37]. Absorbance was measured after 5 minutes at 515 nm using a
Spectrophotometer.

Quantitative determination of anthocyanin content

The upper, uninoculated leaves were sampled. Samples were homogenized with an Extraction
buffer containing 45% methanol and 5% acetic acid in a ratio of 1:5. Then they were centrifuged
twice at 4°C, 10,000 rpm for 10 minutes each time, and then placed on a special plate. Measured
as described by Nakata and Ohme-Takagi [38]. Absorbance was measured at 530 and 637 nm in
a microplate spectrophotometer, “Multiskan SkyHigh” (Thermo Fisher Scientific, USA).

Statistical analysis

Each treatment option was analyzed in triplicate samples from each plant. Statistical analysis
was performed using the StatPlus Professional 5.8.4.3 2018 version for Windows software
package (AnalystSoft Inc., www.analystsoft.com/ru/), Student's t-test. Values were expressed
as mean *SE. P values below 0.05 were considered statistically significant. If the null hypothesis
is true, the group's assessment of dyspepsia with alcohol changes should be close to the
assessment of maternal dyspepsia. It should not be similar.

Results

One-month-old N. benthamiana plants with initially similar morphological traits, such as
height, leaf plate development, and total vegetative mass, were selected for inoculation. The
plants were inoculated by treating the leaves of the middle tier with an inoculation mixture. N.
benthamiana plants were infected in vitro with wild-type transcripts of TBSV.
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Seven days after inoculation with Tomato Bushy Stunt Virus (TBSV), the infected plants
developed characteristic symptoms indicating systemic spread of the virus and accumulation
of viral proteins (Figure 1). Local chlorotic and necrotic spots and, in some cases, necrotic rings
were observed on the inoculated leaves during the first 2-5 days. Some plants showed cell death
at the inoculation site, which may indicate a hypersensitive response. Systemic symptoms of
infection appeared on the 7th day after inoculation. Most plants showed pronounced chlorosis
and mosaic coloration of the leaves, accompanied by their deformation (curling, size reduction,
wrinkling). Inhibition of apical growth, shortening of internodes, and development of dwarfism
were also recorded. In some cases, tissue necrosis was observed along the main veins of the
leaves. The observed symptoms indicate active accumulation of viral proteins and successful
systemic infection, which confirms the ability of TBSV to spread rapidly in the host plant.

Figure 1. Morphological signs of infection development in N. benthamiana plants

To confirm the presence of viral particles in N. benthamiana plants infected with wild-type
TBSV, agarose gel electrophoresis and immunoblotting analyses were performed. Samples
extracted from inoculated and healthy plants were subjected to 1% agarose gel electrophoresis
followed by ethidium bromide staining. Visualization under UV light revealed a clear band
corresponding to TBSV virions in samples obtained from infected leaves (Figure 2). To confirm
the specificity of the detected particles, capillary transfer onto a nitrocellulose membrane was
performed, followed by immunostaining with polyclonal antibodies specific for TBSV virion.
The proposed methodological approach demonstrates high efficiency for rapid and reliable
detection of TBSV virions in inoculated plants. This method can be particularly useful in cases
where visual morphological signs of viral infection are weak or absent, making it a valuable tool
for diagnosing viral infections in plants.
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Figure 2. Detection of virion particles in N. benthamiana infected with wild-type TBSV. (@) Ethidium
bromide staining of agarose gel after electrophoresis; (b) Ponceau S staining of nitrocellulose
membrane; (c) Western blot analysis for detection of TBSV virions.

Reactive oxygen species (ROS) play a key role in plant signaling networks, participating in the
regulation of many biological processes, including defense responses to pathogens. One of the
most important representatives of ROS is hydrogen peroxide (H,0;), which, when accumulated
in cells, can cause oxidative stress that affects the physiological state of the plant. In this study, we
examined the effect of TBSV infection on the level of H,0, accumulation in N. benthamiana plants.

To assess changes in ROS levels, experiments were conducted to quantify H,0; in the tissues
of infected and healthy plants. The results showed that TBSV infection leads to a significant
increase in H,0, concentration compared to control (healthy) plants (Figure 3).
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Note: Asterisks in the graph “***” indicate a very significant (P < 0.01); “ns” - an insignificant (P
> 0.05) difference in the presented data. Statistical analysis (Student’s t-test) was performed using
GraphPad Prism software (v.8.01). Data are presented in relative units.

Figure 3. Determination of hydrogen peroxide accumulation in the leaves of N. benthamiana
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The obtained data allow us to conclude that the increase in the accumulation of hydrogen
peroxide (H,0;) in response to a viral attack may be one of the key components of the defense
response of N. benthamiana plants. Hydrogen peroxide, as one of the most stable reactive
oxygen species (ROS), plays an important role in the formation of an oxidative burst, which in
turn contributes to the activation of additional plant defense mechanisms.

The interaction of the virus with the host plant is a complex process involving many
physiological mechanisms, including the regulation of ROS levels, the functioning of the
antioxidant system, and the accumulation of stress markers such as malondialdehyde (MDA),
proline, and anthocyanins. The accumulation of ROS in response to a viral infection activates
signaling cascades, which leads to the initiation of defense reactions. Anthocyanins probably
act as ROS scavengers, protecting cells from oxidative damage and increasing plant resistance
to pathogens. Therefore, the determination of the level of anthocyanin accumulation under the
influence of TBSV was investigated.

As aresult of the experiments, it was found that in N. benthamiana plants, in response to viral
infection with wild-type TBSV, there is a significant accumulation of anthocyanin in the leaves
compared to extracts obtained from control, uninfected plants (Figure 4). These results suggest
that anthocyanins may play an important role in plant defense systems by being activated in
response to virus infection and participating in the neutralization of oxidative stress. Thus, the
accumulation of H,0, and anthocyanins in response to virus infection is an important element
of the defense response of N. benthamiana plants, highlighting their role in enhancing resistance
to pathogens.

Anthocyanin content (Abs530/g FW)
(2]
o
]

0 T
Control TBSV

Note: Asterisks in the graph “***” indicate a very significant (P < 0.01); “ns” - an insignificant (P
> 0.05) difference in the presented data. Statistical analysis (Student’s t-test) was performed using
GraphPad Prism software (v.8.01). Data are presented in relative units.

Figure 4. Determination of anthocyanin accumulation in the leaves of N. Benthamiana
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Discussion

As a result of successful inoculation, plants exhibited TBSV-specific disease symptoms at 7
days post-inoculation, indicating systemic spread of the virus and accumulation of viral proteins
(Figure 1). The middle leaves of model plant more damaged in comparison with other leaves,
and the tops of the leaves stopped development. Additionally, in middle leaves has observed
necrosis which leading to further PCD of plants.

In the majority of cases observed, the interaction between viruses and cultivated crop plants
has a detrimental impact on host morphology and physiology, leading to diseases [39]. Similarly,
in plants including Lycopersicon esculentum L. and C. annuum, infected by TYLCV observed the
internode reduction, curling and dwarfing of leaves [40].

Plants have evolved complex signaling and defensive mechanisms to cope with stressful
environments. One of the first plant reactions to pathogen invasion is a considerable increase in
reactive oxygen species (ROS) levels [41]. TBSV infected plants showed the higher accumulation
of hydrogen peroxide level in leaves in comparison with not infected plants. (Figure 2). Similar
results where hydrogen peroxide over produced during infection of plum pox virus (PPV) in
Prunus armeniaca L. and Prunus persica L. [42]. Furthermore, the hydrogen peroxide level
strongly correlated with lipid peroxidation, electrolyte leakage and protein oxidation [43,44].
Excessive amount of hydrogen peroxide influenced to the activation of ROS scavenging enzymes
including SOD. Interestingly, apoplastic SOD participated to generation of secondary cell wall
[45]. Simultaneously, the as an ROS scavenging enzymes, the level of phenolic compounds
including anthocyanin, increased response to oxidative damage and it pointing out the critical
role of anthocyanin as antioxidative function [46].

As demonstrated our results, anthocyanin content increased during the infection with TBSV,
whereas in control plants remains, whereas in control plants remains unchanged. Similarly,
trends were observed in Grape leaves (Vitis vinifera L.) infected by Grapevine leafroll-associated
virus 3 (GLRaV-3). It suggests that anthocyanin were sensitive to stress conditions than other
phenolic compounds. Additionally, anthocyanin is one of the key players of the oxidative defense
system in vivo [47]. Moreover, hydrogen peroxide accumulated in different parts of plants,
whereas anthocyanin accumulated only in vacuoles, and it was determined in Malus domestica
Borkh. In vitro ROS scavenging function of anthocyanin was affected actively than in vivo [47].
Also, during the stress condition, anthocyanin content accumulated in adaxial and abaxial cells,
which are located near to meshophilic cells [48]. Grape leaves (Vitis vinifera L.) infected with
grapevine leafroll disease (GLD) exhibited downward curling of leaf margins and increased
anthocyanin biosynthesis, causing a reddish-purple coloration [49].

In recent years, there has been an increasing interest in researching the role of anthocyanins
in plants, particularly in terms of their response to biotic stressors such as virus infections [46,
48]. Previous research has demonstrated that virus infection can boost anthocyanin levels in
a range of plants [48]. These findings indicate that anthocyanins may play a significant role in
plant defense systems by activating in response to viral infection.

Previously, Tsuyoshi Inukai investigated the effect of anthocyanins in Brassicaceae species
infected with turnip mosaic virus [50]. It has previously been discovered that turnip mosaic
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virus significantly reduces anthocyanin production in Brassica rapa leaves, and that such
leaves become infected while anthocyanin-rich leaves on the same plants are rarely affected.
The authors indicate that anthocyanin accumulation dramatically inhibited turnip mosaic
virus infection, implying that it acts as a chemical barrier against the virus, demonstrating the
protective role of anthocyanins [50].

Another study that demonstrates the link between viral infections and anthocyanin
accumulation is that of Xiang-Ru Chen, who evaluated the effect of the Brassica yellows virus
movement protein on anthocyanin concentrations in plants [51]. Chen demonstrated that the
viral movement protein increases anthocyanin accumulation, resulting in the development
of purple leaf symptoms in Arabidopsis thaliana. This study sheds light on how viral proteins
influence plant metabolic pathways, particularly those involved in anthocyanin production, and
how this links to the obvious signs of viral infection [51].

According to Linga R. Gutha, the symptoms of grapevine leafroll disease in red-fruited wine
grape (Vitis vinifera L.) cultivars are green veins and crimson to reddish-purple discoloration in
the interveinal portions of the leaves [49]. He proposed that the reddish-purple hue observed
in symptomatic leaves was due to anthocyanin accumulation, which might be caused by up-
regulation of genes involved in their biosynthesis. This concept highlights the importance of
anthocyanins as a potential indicator of grapevine leafroll disease symptoms and proposes a
genetic response to viral infection [49].

Conclusion

In this work, it was found that TBSV viral infection leads to an increase in the level of
hydrogen peroxide accumulation and also contributes to the accumulation of anthocyanins in
TBSV-infected N. benthamiana plants. As is known, hydrogen peroxide and anthocyanin play
an indispensable role in the implementation of various mechanisms of plant resistance to
pathogens and other adverse environmental factors. The results presented in this work allow
us to better understand the action of plant defense mechanisms and can be used to develop new
methods for increasing the resistance of crops to viral infections.
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OciMaiKTIH naToreHre Te3iMAailirinjeri aHrouuaHuHAepAiH, peJi

M.K. BeiicekoBa?, A. Camat!, A.B. Kypman6aeBa!, A.JK. bekryposa?!, H.H. Ukcat?,
C.B. ’Kanrasun!, ’K.K. Macasiumos*!
JLH. T'ymunee amviHdarsl Eypasus yammolK yHugepcumemi, Acmaua, Kazakcman

AngaTtna. Bupyctelk nHdekuusanap Kasakcranzaa xoHe OyKij aseM/Je aybl IApyallblIbIFbl AaKblJI-
JapbIHbIH, 6CYyiHe, JaMyblHA 9He eHiMZiJjirine Tepic acep erTim, oCiMAIK lapyallblJbIFbIHA YJIKEH
Kayin teHAipeni. KypraKWbLIbIK, 3KCTpeMaaAbl TeMIlepaTypa, TONBIPAKTbIH, TY3/[aHYbl KoHe aypy
KO3/bIPFBIIITAPbIHBIH, UHBA3UAChl CUAKTBI KOIITereH CTpecC »KaffaWblHJa BUPYCTAap OCIMIIKTEpJiH
MeTab0/IM3M 3KOJAApblH Oy3y >koHe KoJalcbl3 QakTopJsapFa Te3iMJiIriH TeMeHJeTy apKbljbl
bU3HOJIOTUANBIK, 63TepicTepAi KylledTeni. OciMIikTep/liH KOPFAHBIC MeXaHU3M/lepiHe KaTbICAaThIH
MaHbI3/ibl KOCBLIBICTAap/AbIH, aHTOLMaHUH/EeP/iH 6HOCHHTe3iHe BUPYCTBIK, UHQEKIUsIapblH acepiHe
epeklle Hasap ayJapbliazbl. By »KymMbicTa Kbl3aHaKTbIH, GyTasbl eprexxeiiridid, BupycoelH (TBSV)
3aKbIM/iay YJITici ©CIMIIKTIH OpTaHFbI KalbIpaKTapbIH 0acKa >KanblpaKTapMeH CaJIbICTbIpFaHia Kebipek
3aKbIMJIANTBIHBI, aJ1 YCTIHTI KanblpaKTapAblH eClelTiHAIrl KepceTiired. COHbIMEH KaTap, OpTaHFbI
KalblpaKTapZia HeKpo3 6ailikaiabl, 6y/ ofaH api O6aFfapJ/aMajiaHfaH KacyllaJdapAblH, *KOWbLIYbIHA
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(IIK1) akeneni. ConbiMeH Katap, TBSV undeknuscel Nicotiana benthamiana ecimaikTepiHze cyTeri
aCKbIH TOTBIFbI IeHTeHiHIH alTap/bIKTal >KOFapblayblHa XKoHe aHTOIMaHUHHIH )KUHa/TyblHa 9KeJe].
ByJ1 e3repicTep TOTBIFY-TOTBIKChI3/JaHy Tele-TeHirHiH 6Y3bLIYbIH }0He BUPYCThIK, UHEKIUAFA Kayarl
peTiHJle KOpFaHbIC peaKLUsJapblHbIH, 6esceHipinyiH kepceTeai. HoTwxkenep eciMAiKTIH BUPYCTBIK,
uHeKLUsIapFa xoHe 6acka Ja crpecc dakTopJiapblHAa Te3iMAIIriH apTThlpy cTpaTeruvsjiapbliH
93ipJiey VIIIiH BUPYC NeH 6CIMAIKTEP/iH 63apa 9peKeTTeCYyiH 3epTTeYAiH MaHbI3IbIJIbIFbIH KOpCETE|.
TyiuiH ce3aep: N. benthamiana, Bupyc, TBSV, 6uotukansik crpecc, OBT, H,0,, aHTonimanuH

PoJ/1b aHTOIIMAHOB B YCTOﬁ‘{PIBOCTId paCTeHI/Iﬁ K IaToreHay

M.K. BeiicekoBal, A. Camart!, A.B. Kypman6aeBa?, A.2K. BektypoBa!,
H.H. UkcaTt?, C.B. XKanrasun?, K.K. Macasiumos*!
!Eepasutickuil HayuoHabHblll yHugepcumem um. JL.H. 'ymuaeea, Acmana, Kazaxcmau

AHHoOTanuA. BupycHble MHQEKLMH TNpeJCTaB/IAIT CepbE3HYI0 Yrpo3y AJi pacTeHUEeBOJACTBA B
KazaxcTtaHe 1 Bo BCEéM MUpe, OKa3blBasi HETaTUBHOE BJIMSHUE HA POCT, pa3BUTHE U NMPOAYKTUBHOCTb
CeJIbCKOX03MCTBEHHBIX KYJBTYp. B yC/lI0BUSAX MHOXeCTBEHHBIX CTPECCOB, TaKUX, KaK 3acyxa, 3KCT-
peMasibHble TEMIIEPATYPhI, 3aCOJIEHHE NTOYB U NOPaKeHHe NMaTOreHaMH, BUPYChI YCYyTyOIsl0T GU3n0-
JIOTUYeCKHe U3MEeHeHUsl B pacTeHHUsX, Hapyllasd X MeTaboJIMYecKUe NMyTH U CHUXKasl YCTOMYMBOCTD
K HebusaronpusaATHbIM ¢akTopaM. Ocob6oe BHUMaHUE YAe/sSeTCsS BJAMSHUIO BUPYCHbIX MHGEKUUN Ha
OMOCHMHTE3 aHTOLIMAHOB — BaXKHbIX COEJJMHEHUH, YYaCTBYIOLIUX B 3allUTHBIX MeXaHW3Max pacTeHUM.
B naHHO# paboTe MOKa3aHoO, YTO NPU 3apaKeHUHU BUPYCOM KYCTUCTON KapJMKOBOCTH ToMaToB (TBSV)
CpeJiHUe JIMCTbsl MOZLEJIbHOT'0 PacTeHHsI HOBPEXAAIOTCS CUJIbHEE 110 CPAaBHEHUIO C PYTUMHU JINCTbSIMH,
a BepXHHUe JINCThSl OCTAHOBUJIMCh B pa3BUTUU. KpoMe TOro, B CpelHUX JIMCTbsIX HA6JII0jaeTCsl HEKPO3,
YTO NMPUBOJAUT K JlajibHEHLIEMY TPpOrpaMMHUpyeMoMy KjeTouHoMy paspyuieHuto (PCD). Bouee Toro,
uHdekuusa Bupycom TBSV npuBogUT K 3HAaYMTENbHOMY MOBBILIEHHIO YPOBHSI MIEPEKUCH BOJOPOJaA U
HaKOIJIEHUIO aHTOLIMAHOB B pacTeHUsax Nicotiana benthamiana. 3T U3MeHeHUsl CBU/ETEbCTBYIOT O
HapylleHUU OKUCIUTENbHO-BOCCTAHOBUTEIBHOTO 6alaHCa M aKTUBALUKY 3alUTHBIX PEaKL Ui B OTBET
Ha BUpYycHy0 uHdekuU10. [losydeHHble JaHHbIe I0YePKUBAIOT BaXKHOCTb U3Y4YeHUs B3aUMOJIeUCTBUSA
BUPYCOB C pPacTEHUSIMH JJIs1 pa3pabOTKH CTPATErui MOBBIIEHNS] YCTOMYMBOCTH CEJbCKOX03IMCTBEHHBIX
KYJBbTYpP K BUPYCHBIM UHPEKIUSAM U APYTUM CTPECCOBBIM paKTOpaM.

KioueBsle ciioBa: N. benthamiana, Bupyc, TBSV, 6uotudeckuii crpecc, AOK, H,0,, aHTo1itan
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