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Comparative analysis of the COMET, FISH, and TUNEL methods
for assessing DNA damage in plants under abiotic and biotic stresses

Research that investigates plant DNA damage caused by various stress factors represents an important area of
modern molecular biology and genetics. In recent decades, there has been active development of methods that
allow for detailed analysis of molecular responses in plants to abiotic and biotic stresses, significantly deep-
ening our understanding of the mechanisms underlying their adaptation to adverse conditions. One of the key
aspects of such studies is the assessment of damage to genetic material, which plays an important role in dis-
rupting the normal functioning of plant cells and tissues. Special attention is paid to the combined effects of
stress factors such as high fever and viral infections, such as Tobacco bushy stunt virus (TBSV) infection,
which can significantly disrupt DNA integrity and normal cellular processes. This, in turn, can lead to chang-
es in the activity of key genes, DNA repair, as well as effects on the physiological and morphological charac-
teristics of plants. In this article, we examined three methods that are actively used to assess DNA damage
under combined stress conditions: the COMET, TUNEL and FISH. These methods allow for a comprehen-
sive analysis of DNA damage, as well as to investigate their relationship to physiological and cellular changes
in plants exposed to viral and temperature stress. The purpose of this study is to explore the prospects of us-
ing the COMET, FISH, and TUNEL assay methods to assess the level of damage to plant DNA caused by
abiotic and biotic stress. The research is aimed at analyzing their effectiveness, as well as identifying ad-
vantages and limitations when working with plant objects.

Keywords: TBSV, Nicotianabenthamiana, combined stress, DNA damage, oxidative stress, DNA repair,
COMET assay, TUNEL assay, FISH hybridization.

Introduction

Plants, as immobile organisms, are constantly exposed to various abiotic and biotic stressors, such as
high temperatures, drought, UV radiation, and pathogens, including viruses. One of the most serious conse-
quences of stress is DNA damage, which can lead to mutations, genomic instability, and even cell death
[1-4]. Scenarios of combined stress (e.g., heat plus viral infection) are especially impactful because the fac-
tors act synergistically to intensify oxidative damage, perturb replication and repair, and reprogram stress-
responsive gene networks [5, 6]. Given the broad adoption of Nicotiana benthamiana as a model for plant—
microbe and plant-virus interactions, and its recently improved reference genome, the system is well-suited
to dissect stress-induced genome instability [7].

One of the widely studied viruses that have a significant effect on plants is Tobacco bushy stunt virus
(TBSV), a virus with positive single-stranded RNA. TBSV affects various plant species, including
Nicotianabenthamiana, Arabidopsis thaliana, and other crops. The virus enters plant cells, activating the rep-
lication mechanisms of its RNA, which can disrupt the normal functioning of cells and tissues. Infection with
the virus causes the destruction of cellular structures, inhibition of metabolic activity and disturbances in the
process of photosynthesis. At the same time, changes in the structure and function of the plant’s DNA may
occur, which in turn can lead to genetic instability and deterioration of resistance to additional stresses [8].
Concurrently, viral infection (e.g., TBSV) intensifies the burden on cellular replication and defense, often
elevating reactive oxygen species (ROS) and triggering programmed cell death pathways, thereby com-
pounding genome instability under heat-virus co-stress [5, 9].

Temperature stress has a profound effect on DNA molecules, disrupting their stability and integrity.
High temperatures, being an abiotic stress, can cause DNA denaturation, which is the breakdown of hydro-
gen bonds between a base and a complementary base in a double-stranded DNA molecule. At temperatures
above 40-42 °C, the double helix collapses, leading to the formation of single-stranded fragments, which, in
turn, can create “hot spots” for subsequent damage [6, 10, 11]. DNA denaturation activates cellular signaling
pathways, including single-strand break repair systems and repair of damaged areas. Temperature stress can
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also alter the tertiary structure of chromatin, which initiates adaptive mechanisms of cells aimed at maintain-
ing genome stability [12].

Disruption of replication is another important aspect of exposure to temperature stress. At high tempera-
tures, DNA denaturation occurs, preventing the normal functioning of replicative enzymes such as DNA
polymerases and disrupting the replication process. This can lead to the arrest of replication and the for-
mation of double-stranded breaks (DSBSs), which require intensive repair. Double-stranded breaks are among
the most dangerous DNA damages, as they can lead to serious losses of genetic information and disruption
of cellular functions [13]. Excessive repair of breaks and the lack of normal replication can also disrupt the
cell cycle, especially in critical areas, which causes delays in the passage of the cell cycle and can lead to the
accumulation of mutations [14].

Under conditions of extreme stress, the repair mechanisms may be insufficient. The main repair sys-
tems, such as excision of damaged bases and repair of double-stranded breaks through restrictases and kinas-
es, are activated, but their effectiveness decreases under severe temperature stress [13]. This process can lead
to the accumulation of structural changes in chromosomes, which disrupts the stability of the genome and
increases the likelihood of mutagenesis and cell death.

Particular attention should be paid to the combined effects of viral infection and temperature stress, as
this interaction can significantly enhance molecular damage. For example, the TBSV virus (Tomato bushy
stunt virus) disrupts the balance between viral RNA replication and plant genome replication. Under condi-
tions of viral infection and temperature stress, the formation of DNA breaks increases, which is aggravated
by a deficiency of repair mechanisms, leading to increased genomic instability. Viral replication requires
significant energy expenditure, which can lead to an increase in oxidative stress, and together with increased
temperature, this creates a critical situation for repairing DNA damage.

Analysis of molecular mechanisms

From the above analysis, it can be seen that the effects of temperature stress on plants lead to multiple
molecular damages, including DNA denaturation, oxidative damage, and replication disorders. These injuries
activate cellular repair mechanisms, but their effectiveness strongly depends on the degree of stress. In turn,
viral infections such as TBSV enhance this effect by increasing the load on cellular DNA replication and dis-
rupting the balance between viral and cellular RNA replication.

DNA damage includes single- and double-stranded breaks, base modifications, apurine/apyrimidine
sites, and inter-stranded crosslinking [15]. Reactive oxygen species (ROS) react to the effects of viruses and
high temperatures, which contribute to oxidative damage to DNA [16, 17]. For example, a significant in-
crease in 8-oxoguanine, one of the main markers of oxidative damage, is observed during heat stress [18].

The combined effects of thermal and viral stress lead to a synergistic effect: increased ROS activity in
heat conditions weakens the plant’s antioxidant system, while the virus disrupts the regulation of the cell cy-
cle and repair processes [19, 20].

This highlights the importance of research aimed at elucidating deeper molecular mechanisms of inter-
action between viruses and stressors, as well as developing methods to protect plants from these stresses.

Methods of DNA damage investigation

Modern methods of studying the effects of stress on plants, changes in reactive oxygen species (ROS),
and DNA repair processes include several key approaches. One of the most common methods is fluorescence
microscopy, which makes it possible to visualize the localization and level of ROS in plant cells using fluo-
rescent sensors. This method allows us to track the dynamics of ROS formation in response to stress, which
is important for understanding the mechanisms of cellular adaptation to adverse conditions.

Enzymatic assays also play a significant role in assessing the antioxidant activity of plants. Measuring
the activity of antioxidant enzymes such as superoxide dismutase (SOD), catalase, and peroxidase allows us
to study the plant’s ability to detoxify ROS and its protective mechanisms. These enzymes play an important
role in repairing damage caused by oxidative stress, and their activity serves as an indicator of cellular re-
sistance to stress.

Molecular biological methods such as polymerase chain reaction (PCR) and sequencing are widely used
to analyze the expression of genes related to DNA repair. Genetic studies reveal changes in the expression of
key genes encoding enzymes involved in repairing DNA damage. This makes it possible not only to investi-
gate the mechanisms of repair, but also to identify molecular markers of plant resistance to various stress
factors.
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In practice, three single-cell/genome-architecture methods are widely used and complementary: the
COMET (single-cell gel electrophoresis) for detecting strand breaks and selected base lesions; the TUNEL
for apoptosis-associated DNA fragmentation; and the FISH for chromosomal aberrations and spatial genome
organization [5, 21, 22, 23].

The COMET method (or Single Cell Gel Electrophoresis, SCGE) is a highly sensitive and effective
method for assessing DNA damage at the level of individual cells.

It is based on the electrophoretic migration of DNA fragments forming a characteristic “comet”
[21, 24]. In the case of DNA damage, such as breaks, the DNA molecule becomes less compact, which leads
to its migration and the formation of a comet-like shape, which is why this method got its name. Cells ex-
posed to stress (for example, radiation, chemicals, temperature stress) are first suspended in an agarose gel.
The gel undergoes electrophoresis, while the damaged DNA migrates towards the anode, forming a “tail”
(destroyed DNA fragments). After DNA staining using fluorescent dyes, the resulting “comets” are exam-
ined under a microscope. The method is used to assess DNA damage caused by various abiotic and biotic
stresses, to study mutagenic effects on cells, and to analyze the effectiveness of DNA repair. For plant sys-
tems, community guidelines emphasize pre-analytical standardization (tissue type, embedding, lysis, electro-
phoresis conditions) to ensure reproducibility [25], while recent reviews consolidate plant-specific applica-
tions across abiotic and biotic stresses [5, 26]. Beyond laboratory models, the COMET is being used in
biomonitoring and sustainability contexts, including climate-change biology and environmental genotoxicity
screening [27, 28, 29].

The COMET (Single Cell Gel Electrophoresis, SCGE) method is a highly sensitive tool for assessing
DNA damage at the level of individual cells. One of the main advantages of this method is its ability to de-
tect even minor DNA damage, such as single-stranded and double-stranded breaks, as well as base modifica-
tions. This method is used to study the effects of various stress factors, such as radiation, chemicals, and
temperature stresses [30]. The advantages of the COMET method are its high sensitivity, as it is able to de-
tect DNA damage at the level of individual cells. It is also a simple and affordable method that does not re-
quire complex equipment and can be used in laboratories with basic equipment. The COMET method is uni-
versal and can be used to assess DNA damage in both plant and animal cells. However, the method has limi-
tations. The method is highly sensitive and applicable for the quantitative assessment of damage [31], but it
does not allow distinguishing the types of damage and requires standardization of the conditions [32]. It may
also be less informative for assessing the structure of the genome and the detailed localization of genetic
damage.

The TUNEL method is used to identify cells in which apoptosis (programmed cell death) occurs. It al-
lows the detection of single-stranded breaks in DNA, which are characteristic signs of apoptosis. During
apoptosis, DNA fragmentation occurs in the cell, and free 3'-hydroxyl groups are formed at the ends of these
fragments. This method is based on labeling the free 3'-OH ends of DNA breaks [9, 33, 34]. Fluorescent or
radioactive ANTP molecules are added to label these ends using the enzyme terminal deoxynucleotidyl trans-
ferase (TdT). After that, the marks can be visualized using fluorescence microscopy or other methods. This
method is used to analyze apoptosis in cells and tissues, assess DNA damage caused by external factors such
as radiation or viral infections, as well as to study the mechanisms of cell death in various organisms [35].
Manipulating pro-/anti-apoptotic regulators (e.g., BAG-family genes) further illustrates how cell-death path-
ways intersect with stress resilience in crops [36].

The advantages of this method are its ability to accurately detect DNA fragmentation, which is charac-
teristic of apoptosis, and to provide quantitative data on cells undergoing apoptosis [35]. The TUNEL meth-
od has a high specificity for apoptosis, which makes it possible to accurately detect DNA damage caused by
cell death, and is a powerful tool for studying the mechanisms of apoptosis and progressive DNA damage in
cells, which is especially useful when studying the body’s response to various stresses. However, this meth-
od has limitations. It does not allow detecting DNA damage in living cells, as it requires sample fixation. In
addition, it only tests for the same type of DNA damage (breaks at the ends of DNA fragments), which limits
its use for analyzing other types of damage. TUNEL is sensitive to the late stages of apoptosis, but can give
false positive results in the presence of necrotic lesions [37].

The FISH (fluorescent in situ hybridization) method is used to visualize specific regions of chromo-
somes.

The method is particularly useful for detecting chromosomal aberrations and genome instability
[22, 23, 38, 39]. This method is based on the specific binding of fluorescently labeled probes to the corre-
sponding DNA or RNA regions. DNA is fixed in cells or tissues, which is then denatured to separate the
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chains. Specific single-stranded oligonucleotides labeled with fluorescent dyes are added to the sample and
bind to complementary DNA regions. Measuring fluorescence using a microscope makes it possible to local-
ize these areas and examine their distribution throughout the cell. The FISH method is used to study the
structure of chromosomes, including locating genes and other sequences, as well as to evaluate chromosomal
abnormalities such as deletions, duplications, and translocations. In addition, the method is used to study the
distribution of specific genes or viral genomes in cells [40]. Methodological notes for cereals and other taxa
highlight practical considerations for denaturing vs non-denaturing protocols and sample quality control [41].

The FISH method (fluorescent in situ hybridization) allows us to study the spatial organization of the
genome, as well as analyze the localization of specific genes and viral genomes. It has high accuracy, as it
allows localization of certain DNA sequences directly in cells or tissues. This method is widely used to de-
tect chromosomal abnormalities such as deletions, duplications, and translocations [40]. The FISH method
allows precise localization of specific DNA regions in chromosomes, which provides a deep understanding
of the structure of the genome. It can be used in both plant and animal cells, providing information about
chromosomal abnormalities such as deletions, duplications, and translocations, which is important for genet-
ic research and diagnosis. However, the method has limitations. It requires high precision in sample prepara-
tion [42] and can be difficult to work with degraded samples. In addition, the method can be time-consuming
and require highly qualified personnel to interpret the results. FISH is also limited in its use to detect DNA
damage if it is not located in the area of the genes or chromosome regions of interest.

Integrated use under combined stress conditions. COMET, TUNEL, and FISH together provide a multi-
angle assessment of stress impacts: COMET detects overall strand-break burden and oxidative lesions;
TUNEL quantifies apoptosis-associated DNA fragmentation; FISH identifies structural chromosomal rear-
rangements and spatial genome alterations. In combined heat-virus scenarios in model hosts such as N.
benthamiana, such an integrated panel can reveal elevated DNA migration (COMET), extensive TUNEL
positivity in affected tissues, and FISH-detectable rDNA/centromere instability—Ilinking molecular lesions
to cytological outcomes [5, 7, 23].

These methods have different applications in molecular biology and genetics, and each provides unique
information about DNA damage and genome structure. The COMET method is suitable for assessing DNA
damage at the cellular level, TUNEL helps to study apoptosis and DNA fragmentation, and FISH helps to
analyze the localization of genetic sequences and chromosomal abnormalities [43, 44]. In the context of
combined stress, the use of a combination of all three methods is the most informative [45]. For example,
when analyzing Nicotiana benthamiana exposed to thermal and viral stress, COMET revealed a sharp in-
crease in DNA migration, which indicates the presence of multiple breaks [45], whereas TUNEL confirmed
active apoptosis in mesophyll cells [46], and FISH showed rDNA instability and signals of loss of
centromeric regions [47].

However, each method has its limitations, such as the need to prepare high-quality samples or the diffi-
culty in interpreting the results, which requires knowledge and experience from the researcher.

Conclusion

Combined abiotic and biotic stresses, including heat and viral infection, impose multi-layered burdens
on plant genomes, from oxidative base damage and strand breaks to large-scale chromosomal instability.
Applying COMET, TUNEL, and FISH in concert yields complementary evidence spanning single-cell DNA
damage, apoptosis-associated fragmentation, and chromosomal architecture, informing mechanism-driven
strategies for improving stress resilience [5, 6, 34, 48].

The study showed that the combined effects of various stress factors, such as temperature stress and vi-
ral infections, significantly affect plants at the molecular level, which puts cells in a critical position where
defense mechanisms such as heat shock proteins and DNA repair systems may not be able to cope with dam-
age. This highlights the importance of research aimed at elucidating deeper molecular mechanisms of inter-
action between viruses and stressors, as well as developing methods to protect plants from these stresses.

Using the COMET, TUNEL, and FISH methods allows you to obtain comprehensive information about
the types and extent of damage. The COMET method effectively evaluates DNA damage at the level of indi-
vidual cells, allowing us to analyze the effects of various stressors, including radiation, chemicals, and tem-
peratures. The TUNEL method makes it possible to assess apoptosis-related damage and analyze the mecha-
nisms of cell death, while the FISH method allows for detailed investigation of the genome structure, identi-
fication of chromosomal abnormalities and gene localization. Each of these methods has its advantages and
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disadvantages, and the choice of a specific approach depends on the objectives of the study, the type of sam-
ples and available resources.

Thus, there is a comprehensive approach to stress research, including viral infections and temperature
stress, and these data are critically important for understanding plant resistance mechanisms and developing
stress-resistant varieties [2, 15, 49, 50].
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K.C. Typap6ekona, H.H. Ukcat, A.A. Manupos, A.Y. Tyskbaesa, )K.K. Macanumos

AOHOTHKAJBIK K9He OMOTHKAJBIK KepHeyJIep Ke3inae eciMaikrepaeri
JAHK-nbIH 3akbiMaanybin 0aranay ymin COMET, FISH xone TUNEL
diCTEPiH CAJIBICTBIPMAJIBI TAIAAY

Ocimaikrepain JHK-cbiH apTypii cTpecc GpakTopiaapbIHBIH oCepiHEH 3aKbIMIAHYBIH 3epTTeyre OarbITTaNFaH
3epTTeyiaep Kas3ipri 3aMaHFbl MOJIEKYJajbIK OHOJOTHS MEH TIeHEeTHKAHBIH MaHBI3IbI OaFbITTapbIHBIH Oipi.
CoOHFBI OHXBUIABIKTap/a ©CIMAIKTEpIiH aOHOTHKAIIBIK JKOHE OMOTHKAJBIK CTPECTEPre MOJEKYNANBIK peak-
LMSUIAPBIH eMKel-TerkKeil Tanaayra MyMKiHIIK OepeTiH aicTep GenceH i 1aMblll, OCIMIIKTep/AiH Konaiichl3
JKarainapra OeiiMaeny MEXaHHU3MAEPIH TepeHipeK TYCIHyre »OJ amTel. MyHIail 3epTTeyiepiH Heri3ri
acCIIeKTiIepiHiH Oipi — reHeTHKAIBIK MaTepUANIbIH 3aKbIMIaHy JIeHreiiH Oaranay, cebebi Oy ecimMik ka-
Cymagapsl MeH TiHAEpPiHIH KaJbINTH KeI3METiH Oy3yFa alTapibIKTail ocep eTeni. Ocipece, XKOFapsl TeMIepa-
Typa MeH BHUPYCTHIK HH(pekmmsuiap (Mmbicansr, Tobacco bushy stunt virus — TBSV) cuskrsr crpecc
(axToprapbIHbIH OipiKTIpiNreH acepiHe epekiie Hazap ayaapbuiajabl, cebedi onap JIHK-HBIH TyTacThIFBIH
Oy3blIII, JKacyIIANBIK MPOLECTEPAiH KaIBINTHI XKYpYiHe Keaepri kentipyi Mymkin. by e3 keseringe JJHK-HbI
KallblHA KeNTipy, Heri3ri TeHAepAiH OelCeHalniri MeH OCIMAIKTepAiH (H3HOJOTHSIBIK IKSHE
MOPGOJIOTHSJIBIK epeKIIeNiKTepiHe acep eTyl MyMKiH. Makanana OipiKTipinreH crpecc jkaraailapblHaa
ocimiik JIHK-coiHmarer 3akeIMpaHyas! Oaranayza >KMi KOJJAHBIIATBIH YII ofic KapacTelpsuinel: COMET
(cinrimi rempuix anexrpodopes), TUNEL (repMmuHambii J1€30KCHHYKICOTHAMITpaHC(Epa3a apKbUIbl
HYKJICOTHATEPIH Ti30eKTi xanraHybl) skoHe FISH (duyopecuentrik in Situ rubpuausarms). byn omicrep
JUHK 3akpIMpaHybIH KeOIeHAI TYple Taljayra, COHJAH-aK BHUPYCTHIK >KOHE TEMIIEpPaTYpalBIK CTpecc
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JKarJaiiapelHa YIIbIparaH eciMaikTepaeri (U3HOMOTHSIIBIK JKOHE XKACyLIANIBIK e3repicTepMeH OailllaHbIChIH
3epTITeyre MyMKiHIIK Oepeni. by 3epTreymiH mMakcaTbl — ©CIMIIKTEpre aOMOTUKANBIK JKOHE OMOTHUKAIBIK
ctpecc dakropiapbiably ocepi kesinae JHK-HbIH 3akpiMaany nexreitin 6aranay ymin COMET, FISH sxone
TUNEL rtangay smicTepin KoinaHy MYMKIHIIKTEpiH 3epTTey. 3epTTey OyiI oicTepAiH THIMIUITIH Tangayra,
COHJaif-aK eCiMIIK HBICAaHIAPBIMEH JKYMBIC iCTEY Ke3iHIE ONap/blH apTHIKIIBUIBIKTaphl MCH LICKTEYJICPiH
aHBIKTayFa OaFbITTAIFaH.

Kinm ce30ep: TBSV, Nicotiana benthamiana, 6ipikripinren crpecc, THK 3akpiMaanysl, ToTiFy crpeci, JJHK
penapanusice, COMET-tanmay, TUNEL-tannay, FISH-rubpuausarms.

XK.C. Typap6exona, H.H. Ukcar, A.A. Manupos, A.Y. Tysakbaesa, K.K. Macaiumos

CpaBuaurenbnbiii anaau3 metoqoB COMET, FISH u TUNEL nans ouenku
noBpesxkaenunii JJTHK pacrenunii npu abMoTnvyeckux U OMOTHYECKHUX CTpeccax

WccnenoBanus, HanpaBieHHble Ha u3ydenue nospexaenuit JJHK y pactenuit mon Bo3aeiicTBueM pa3inyHbIX
CTPECCOBBIX (PaKTOPOB, SIBISIFOTCS BaKHBIM HAIPaBICHHEM COBPEMEHHOH MOJICKYISIPHOH OHOJIOTHH U TeHe-
TUKH. B mocienHue necsatuineTnst HaOIIOIaeTCsl aKTUBHOE Pa3BUTHE METOIOB, IMTO3BOJIIONIMX JETAIBHO aHa-
JIM3MPOBATh MOJIEKYJIIPHBIC PEaKI[MU PAaCTCHUH Ha aONOTHYECKHE U OHOTHYECKHE CTPECCH, YTO 3HAUUTEIHHO
yrayOssieT MOHUMAaHHuEe MEXaHW3MOB HMX aJalTalid K HeOMaronmpusATHBIM yciaoBUSAM. OIHHM W3 KITFOYEBBIX
ACIIEKTOB TAKHUX UCCIIEIOBAaHUH SBISETCA OLCHKA MOBPEXKICHUH T€HETHUYECKOTO MaTepHaia, IOCKOJIbKY OHHU
UTPAOT BKHYIO POJIb B HAPYIICHUH HOPMAJIFHOTO (DYHKIIMOHUPOBAHHS KIETOK M TKaHeH pactennit. Ocoboe
BHUMaHUE YAEIIETCS KOMOMHUPOBAHHOMY BO3ICHCTBHIO CTPECCOBBIX (PAKTOPOB, TAKUX KaK BBHICOKAs TEMIIE-
partypa 1 BHpyCHbIe HH(DEKIMH, HATPUMEp 3apaKCHHE BUPYCOM KyCTHCTOM KapimkoBocti Tomara (Tobacco
bushy stunt virus, TBSV), cnocoGHBIX CyIIeCTBEHHO HapymaTh neaoctHocts JJHK u HopMaibHbIE KileTOY-
HbI€ IIPOLECChl. DTO, B CBOIO OYepelb, MOXKET NPUBOAUTH K M3MEHEHUSAM B aKTUBHOCTHU KIIIOUYEBBIX I'€HOB,
HapymeHuro npoueccos penapanun JJTHK, a taxke oxa3piBaTh BIHMsSHHE Ha (GU3HOIOTHYECKHE U MOP(OIIOTH-
YeCKHe XapaKTePUCTUKN pacTeHUil. B maHHOU cTaThe pacCMOTPEHBI TPH METOa, AKTHBHO MPHMEHSIEMBIE IS
ouenkn mnoBpexaeHnit JIHK B ycmoBmsx xomOumnHupoBanHoro crpecca: COMET (menouHod remb-
anekrpodopes), TUNEL (meron TepmuHansHO# aezokcunykieoruamwnrpancdepassl) u FISH (pmyopecuent-
Hast i Situ rubGpumu3aIs). ITH METOIBI MIO3BOJIIOT IPOBOIUTH KOMIUIEKCHBIH ananu3 nmoBpexaenuii JJHK, a
TaKOKe MCCIIEIOBATh MX B3aHMMOCBSI3b C (DM3MOJOTUUECKUMH W KIETOYHBIMH M3MEHEHHSIMH Y PACTeHHH, MO -
BEPrIIUXCsl BO3JCHCTBUIO BUPYCHOTO U TEMIIEPAaTypHOro crpecca. Llesblo 1aHHOrO ucciaeoBaHUs SBISETCS
uzyuenue nepcrektuB npumeHenus metogoB COMET, FISH u TUNEL mist onieHKH cTeneHu MOBpPEexkISHUS
JIHK pactenuii mon BIUSTHEEM a0MOTHICCKUX U OMOTHYECKUX CTPECCOB.

Knioueswie crosa: TBSV, Nicotianabenthamiana, kom6unupoBanHslii crpecc, nospexaenune JJHK, oxucnu-
TenbHBIN cTpecc, penapanus JJHK, COMET-ananu3, TUNEL-anamm3, FISH-rubpunu3zanms.
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