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Plants must cope with various environmental stresses, both abiotic and biotic. Most
types of abiotic stresses, such as drought, salinization, floods, heat and cold stress, disrupt the
metabolic balance of cells, and under the condition of biotic stress, plants activate a regulatory
or transcriptional mechanism. All of the above ultimately leads to increased production of
reactive oxygen species (ROS). Plant protection against pathogen attack has been well
studied, but the interaction and influence of various signals on the work of the reparative
mechanism against stress still remain elusive.

Reactive oxygen species (ROS) are small inorganic molecules such as singlet oxygen
(02), superoxide anion radical (O2—), hydroxyl radical (-OH) and hydrogen peroxide (H202)
[1]. They are continuously produced as an inevitable consequence of aerobic metabolism,
and, in addition, abiotic and biotic stresses increase their production [2, 3]. It has been proven
that increased levels of ROS can cause oxidative stress and damage to important biological
molecules, such as lipid peroxidation, protein oxidation and structural modifications of DNA
[4]. ROS levels in cells are determined by the rate of their production and elimination using
a large number of purification systems [1]. The highly toxic nature of ROS explains the
evolution of complex enzymatic and non-enzymatic ROS uptake systems in plants [5]. These
systems are interconnected through common metabolites and reducing equivalents and can
be found in various subcellular compartments.

Enzymatic ROS removal systems include superoxide dismutase, which removes O2—.
by catalyzing its dismutation, resulting in the formation of H202 and O2; catalase, which
removes H202 formed in peroxisomes, by its dismutation into H20 and O2; ascorbate
peroxidase, which participates in the absorption of H202 in the water-water and glutathione-
ascorbate cycles. the use of ascorbic acid as an electron donor; glutathione reductase, which
catalyzes the NADPH-dependent reduction of the GSSG disulfide bond and thus supports
GSH pools; NADH-dependent monodehydroascorbate reductase, which is an enzymatic
component of the glutathione-ascorbate cycle, which reduces monodehydroascorbate to
ascorbate; dehydroascorbate reductase, which regulates the redox state of ascorbic acid cells
by regenerating its oxidized state; glutathione peroxidase, which uses glutathione to reduce
H202 and hydroperoxide of organic substances and lipids; and glutathione-S-transferase,
which catalyzes the conjugation of electrophilic xenobiotic substrates with glutathione. A
correlation was found between the activation of aldehyde oxidase and increased levels of
catalase and superoxide dismutase activity during infection [6].

Despite exposure to permanent DNA damage during replication or transcription,
cellular metabolic activity leading to the production of reactive oxygen species (ROS), or
even exposure to DNA damaging agents such as ultraviolet light, the integrity of the genome
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remains extremely stable due to the constant repair of DNA damage. One of the key
mechanisms contributing to the stability of the genome is the DNA damage reaction (DDR),
which activates DNA repair pathways, and in the case of proliferating cells stops cell division
until DNA repair is completed.

The study of DDR plants is particularly interesting because of their way of
development and lifestyle. Indeed, plants develop mainly postembryonally and form new
organs due to the activity of meristems in which cells retain the ability to reproduce. In
addition, they are sedentary organisms that are constantly exposed to adverse conditions that
can potentially cause DNA damage in all cell types, including meristems.

In fact, in vitro monitoring of DNA repair reactions performed using cell extracts
isolated from arabidopsis or other plants has proved extremely useful for describing many
structural and functional aspects of plant fibers. It was found that a short BER site is an
important DNA repair pathway in plant mitochondria, at least for uracil removal, where it
was found that uracil DNA glycosylase activity is mainly associated with the organellar
membrane in both model and cultivated species [7]. At A. thaliana enzymes AtFPG and
AtOGG]1 showed glycosylase/lyase activity, initiating the reduction of redox 8-oxoG and
endogenous AP sites, and the resulting intermediates later became substrates of DNA-3'-
phosphatase ZDP and endonuclease ARP. In accordance with their supposed role in the
reduction of oxidized bases, inactivation of the AtFPG and AtOGG1 genes increased the level
of oxidative DNA damage [8]. In Medicago truncatula, increased regulation of MtOGG1 and
MtFPG glycosylases was detected during seed absorption, which coincided with water
absorption and the formation of ROS [9]. All of the above results imply that BER is extremely
important for the longevity of the body, as it helps to repair oxidative DNA damage.

It is known that ROS, hypersensitivity response and oxidative stress enzymes are
necessary components of the plant defense mechanism. The study of the effect of viral
proteins on the activation of the protective system is an urgent problem of modern
phytopathology. The results of the study can be used to develop methods to increase the
effectiveness of the protective mechanism of plants to stress factors.
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WHTEepakTUBTI OKBITY-OyJ1 TaHBIMABIK 1C-OpEKETTI YHWBIMIACTBIPYABIH €peKIle
dopmacel. by HaKThHI jkoHE OoMKamIbl MakKcaTTapAbl Oiunmipeni. Makcar-oKyIibl ©3iHiH
TaOBICTBUIBIFBIH, MHTEIICKTYAJIIbl KYHIBUIBIFBIH CE31HETIH BIHFAMIBl OKY >KarJaisiapbiH
xacay, OyJ1 OKy MPOIECIHIH ©31H HOTHXKEI eTe/li, O11IM MEH JafaplIap/sl Oepeii )KoHe OKYy
asIKTaJIFAaHHAH KeWiH MocemeNep/Ii eIy YIIiH )KYMBIC iCTey YIIiH Heri3 xacaiasl [1].

Backamia aiiTkana, MHTEPaKTUBTI OKBITY-OYJI, €H aJIIbIMEH, OKYIIBI IT€H OKBITYILBI
apachIHAAFbl, OKYIIBUIAPJBIH ©3/€pl apachbIHIAFbl ©3apa dPEKETTECY/ll )Ky3ere achlpaTblH
JTUATIOTTHIK OKBITY.

WHTEepakTHBTI NEeNarorukajblK ©3apa OpEeKeTTeCy[iH KeTeKll Oenriiepi MeH
Kypajiapbl peTiHJe KeJleci 9[IICTep CaHaIa bl

- [Tonusor- negarorukanbiK e3apa ic-KUMBUIIBIH 9pOip KaThICYIIBICHIHBIH AayBICHIH
ectyre 6onatbiH nmonudoHus, Oy opOip KaThICYIIBIHBIH K€3 KeIreH Macesie OOWBbIHIIA €3
Ke3KapacblHa M€ 00y MYMKIHIIr; KaThICYIIBUIAPABIH OChl Ke3KapacTbl Oiuaipyre
JAUBIHIBIFBI MEH MYMKIiH/ITI.

- /Jlmamor KaTBHICYIIBUIApABIH ©31EpIH TEH CepiKTecTep, e3apa JpeKeTTecy
CyOBbeKTiIepl peTiHae KaObulgayblH KaMTH/IBI.

- AKBUI-0if KBI3METI - MYFalIiM MEH OKYIIBUIAPABIH KAPKBIHABI aKbUT-OM KBI3METIH
yiteimaacTeipy. [aiipia OuTiIMII OKYIIBUIAPBIH CaHAChIHA ayAapy eMec, OJapiAblH TIYyesci3
TaHBIMBIK KbI3METIH YHBIMIACTHIPY

- MarpIHANIBIK HIBIFAPMAIIBUTBIK-TAIKbIIAHATEIH MAcese OOMbIHINA ©3/1epi YILiH XKaHa
MaFrbIHAJapAbl, 3aTTap MEH KYOBUIBICTApAbIH Ma3MYHBIH CaHaJbl TypAe Kypy MNpoLeci,
MarbIHaJIApMEH aJMacy, *Keke MarbIHaap/IbIH 0acKa MaFbIHATapMEH OaiIaHbICHI.

- Tannay epKiHIIri-caHaNbl TYPAE PETTEY JKOHE OHBIH MiHE3-KYJIKBIH OeJICeHIIpy.

- CoTTUNK >Karnaiapbl-MyFaJiMHIH OKYIIbIIApAbIH KaHaFaTTaHybIHA, MKaFbIMIIbI
SMOLMSUIAPIBIH KOPiHyiHE BIKMAJ €TETiH CBIPTKBI >KarJaiap KeleHIH MakcaTThl Typ/e
Kypybl. TaObic ©3iH-631 OaMBITYIBIH MOTHBI pPETiHJE KapacThIpbUIaIbl. baramayabiy
MO3UTUBTUNIINT MEH ONTHUMH3MI COTTUNIK KaFJaillapelH  JKacayFa BIKOAT  €TETiH
JKarnaimapapiH O0ipi OOIBIN TaOBLTA B,

- Pednexcus-untpocnekuuns, ©3 KbI3METIHIH IEJarorukaiblK  MpPOIECiHe
KaThICYIIBLIAPBIH 631H-631 Oaranaysl. [2].
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