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EFFECT OF VIRAL INFECTION
ON THE ULTRASTRUCTURAL ORGANIZATION
OF BLACKCURRANT LEAF TISSUE CELLS

One of the significant reserves for further increasing the yield of berry crops is to protect them from pests and diseases.
Among the latter, viral ones are especially dangerous. Therefore, methods of virus diagnostics and especially electron mi-
croscopy are of great importance, which makes it possible to see viral particles, determine their shape, size, localization in
tissues, and identify anomalies in affected plant cells. Objective. To conduct a comparative study of healthy and diseased
blackcurrant leaves in order to determine the degree of influence of the two viruses on the anatomical structure of organ-
elles and inclusions, which can be used in the diagnosis and identification of viruses affecting plants. Methods. The mate-
rial was blackcurrant plants with symptoms of reversion and green speckles, which are detected visually when examining
the plantings of this crop. The morphology of viral particles, the anatomical structure of organelles, and inclusions were
studied using the method of electron microscopy of ultrathin sections. Detected ultrastructural changes in cells can be used
as diagnostic signs when identifying viruses. Also, viruses were identified by external signs and biological testing. Results.
The study of ultrathin sections of leaf tissue and abnormal petals of the blackcurrant flower with symptoms of reversion
revealed a bacillus-visible virus (Blackcurrant reversion virus) from the Rabdoviridae family, which is easy to identify due
to its large size and appearance, in which it differs from similar features in ordinary cellular components. Typical loca-
tions of virus particles are the cytoplasm, nucleus, and perinuclear zone. The size of viral particles on ultrathin sections
was 271+7.19 nm long and 78 +2.31 nm in diameter. According to electron microscopic methods of studying artificially
infected plants of Chenopodium quinoa, an inoculum of affected blackcurrant leaves, virions of Cucumis virus 1 Smith
were observed in cells, which were freely located in the cytoplasm of the cell interspersed with ribosomes. Individual areas
of the cytoplasm with a high virus concentration were also found in the affected parenchymal cells. Zones surrounded by a
double membrane differ in the size and degree of virus saturation. When studying the pathogen morphology in the native
preparations, the viral particles had a spherical shape with small, very colored central areas. Measurements of the virus
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particles showed that they had an average size of 29.6+0.59 nm. During the study of the ultrastructure of blackcurrant
plant cells affected by Cucumis virus 1. Smith, myelin-like bodies were found not only in the cytoplasm of affected cells but
also in the extra-plasma space. Analysis of the morphology of chloroplasts of blackcurrant plants affected by green speckles
and reversion shows that chloroplasts with outgrowths and cup-shaped formations are present in many cells. Under vari-
ous viral infections, there is a wide variety of mitochondria’s shapes: they are elongated, cup- or club-like, etc. At the same
time, their internal structure changes as well. We found that at the stage of the neurotization of a Nicotiana tabacum leaf
infected with Cucumis virus 1. Smith, the peroxisome matrix is intensively filled with crystalline inclusions that have an
electron-dense surface or are a system of rods with different configurations in the form of rectangles and trapezoids. They
completely fill the entire matrix. During the development of viral pathology in the cells of diseased plants, destructive
processes also cover the nucleus. As a rule, it takes on a lobed or radially elongated shape. Among the viruses we studied,

the Blackcurrant reverse virus causes this trait the most. This may be due to the fact that this virus, accumulated in large
quantities, exerts mechanical pressure on the nuclei and thereby accelerates the process of their deformation. A peculiar
sign of changes in the nucleus ultrastructure is the content of viral particles. Of the viruses we studied, blackcurrant rever-

sal virus particles were the most common in the nucleus nucleoplasm and perinuclear zone. Conclusions. The intracel-

lular development of viruses and their use of energy systems and components of plant cells for their reproduction lead to

significant morphological and structural changes in the latter. In particular, electron microscopic studies of ultrathin tissue
sections of diseased blackcurrant plants in comparison with healthy ones revealed the forms of the nucleus, mitochondria,

and plastids modified under the influence of viral infection, namely Blackcurrant reverse and Cucumber mosaic viruses.

Chloroplasts noticeably swelled without the existing content of starch grains, and clumping or the absence of gran thyla-
koids was observed. Plastids with a highly reduced membrane system were found. The results of studies have shown that
the species affiliation of the virus does not cause specific changes in the morphology and structure of mitochondria. Their
structural transformations under the influence of the viruses under study were the same: changes in shape and swelling,

expansion of crists and a decrease in their number, a decrease in the electron density of their matrix, and so on. It was
found that in the nuclei of cells infected with the Blackcurrant reverse virus, chromatin forms small, interconnected granu-

lar lumps located in different zones of the matrix. When studying ultrathin sections of Nicotiana tabacum leaf infected
with Cucumis virus 1. Smith, rather specific crystal inclusions that fill the entire matrix were detected by the peroxisome.

If external anomalies are detected in the form of mosaics, spots that can be caused by many pathogens in the absence of
mechanical transmission of the pathogen, it is advisable to use the method of electron microscopy of ultrathin sections.

Keywords: blackcurrant, cell, viral diseases, chloroplasts, mitochondria, nucleus, peroxisomes, ultrastructure, electron
microscopy.

Blackcurrant is exposed to various phytopatho-
gens, among which agents of viral diseases are
so dangerous [1, 2]. In the interactions of phy-
toviruses with nutrient plants, there is a poorly
understood mechanism for switching the main
physiological processes to the reproduction,
spread, or localization of viral particles [3].
Therefore, it is important to study virus-in-
duced ultrastructural changes in the organelles
and inclusions in leaf cells, which can be used
in the diagnosis and identification of viruses af-
fecting plants.

The most common viral diseases of blackcur-
rant are blackcurrant reversal virus, and green
and yellow mosaic viruses [4, 5]. Their carri-
ers are mites, aphids, nematodes, and cicadas,

ISSN 1028-0987. Microbiological Journal. 2022. (5)

which infect plants during the most active peri-
ods of their ontogenetic development.

Our observations indicate that in some plant-
ings of the studied culture, the infection rate with
viruses reaches 60%. This leads to a decrease in
the yield by 10—70% along with simultaneously
deteriorating the quality of berries.

In order to determine the degree of influence
of various viruses on the anatomical structure
of affected plants, we conducted a comparative
study of healthy and diseased plant leaves.

Materials and methods. The material for in-
vestigation was different blackcurrant varieties
from industrial and collection plantings of the
Institute of Horticulture of the National Acad-
emy of Agrarian Sciences of Ukraine, as well as
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samples with symptoms of reversion and green
speckling detected visually when examining the
plantings of this crop. The objects of the study
were viruses isolated from blackcurrant plants,
namely Blackcurrant reverse virus and Cucumber
mosaic virus. To confirm the viral etiology of the
detected diseases, identify their pathogens, and
detect abnormalities in affected plant cells, diag-
nostic methods on herbaceous plant indicators
and electron microscopy of ultrathin sections
were used [6, 7]. As an indicator, there were taken
herbaceous plants Chenopodium quinoa, Cheno-
podium murale, Cucumis sativus, and Nicotiana
tabacum infected by mechanical inoculation.
Buds, young leaves, and petals were used as an
inoculum. The inoculum was obtained by rub-
bing plant tissues with the addition of stabilizing
mixtures: 0.03 g phosphate buffer pH 8.0 + 0.2%
ascorbic acid + 0.2% sodium sulfate + 0.03 M
caffeine; 2% nicotine base solution. The ratio of
plant material and stabilizing mixture 1:6. Me-
chanical infection was carried out in the phase
of 4—6 leaves of Chenopodium quinoa, Che-
nopodium murale, and Nicotiana tabacum (up
to 10 plants for each tested sample) and in the
cotyledon phase — of Cucumis sativus (up to 20
plants). To prepare ultrathin sections, strips of
plant tissue were fixed in a 6.5% glutaraldehyde
solution, followed by additional fixation with 2%
osmium oxide, then dehydrated in alcohols, ab-
solute acetone, and poured into EPON-812. The
resulting sections were stained with lead citrate
and viewed under an EMV—100A electron mi-
croscope [8, 9]. When studying viruses in raw ex-
tracts, the methods described by Protsenko, Le-
gunkova, and Larina with co-authors were used
(10, 11]. Negative contrast of native viruses was
performed using a 2% solution of phosphotung-
stic acid pH 7.0—7.2 and 3% uranyl acetate [12].
Results. Using an electron microscopic meth-
od of analysis, a bacillus-like virus Blackcurrant
reversal virus localized in the nucleus, perinu-
clear zone, and cytoplasm was detected in the
tissues of blackcurrant leaves with double-flow-
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ering symptoms. The particle was 271 £7.19 nm
long and 78+2.31 nm in diameter (Fig. 1).
Symptoms of mottled and pale green mosaic
were found on blackcurrant bushes during leaf-
ing, and pale green «watermark» patterns were
seen on aging leaves, which are clearly visible
in transmitted light. On herbaceous indica-
tor plants, the following symptoms were noted:
ochre necrosis with a diameter of 2—3 mM on
inoculated leaves of Chenopodium quinoa, light
brown necrosis in the form of concentric rings
on Chenopodium murale, yellow spotting with
weak deformation of the leaves of Cucumis sa-
tivus, and mosaic on the leaves of Nicotiana
tabacum. The signs on naturally infected black-
currant bushes and on test plants with artificial
infection made it possible to identify the patho-
gen as virions of Cucumis virus 1. Smith. Viri-
ons of Cucumis virus 1. Smith were observed
using electron microscopic methods to study
artificially infected Chenopodium quinoa plants.
They were freely located in the cytoplasm of the
cell interspersed with ribosomes. Individual ar-
eas of the cytoplasm with a high virus concen-
tration were also found in the affected parenchy-
mal cells. The zones surrounded by the double
membrane differ in size and degree of virus sat-
uration (Fig. 2, a). When studying the pathogen
morphology in the native preparations, the viral
particles had a spherical shape with small, very
colored central areas. Measurements of the virus
particles showed that they were 29.6 +0.59 nm in
size (Fig. 2, b). They were well preserved in the
preparations stained with a 3% uranyl acetate
solution (pH 5) for 2—3 sec, after which the re-
maining contrast agent was carefully removed
with filter paper. Virions can occur in cells even
before the appearance of external signs of the
disease. With the development of the infectious
process in diseased cells, the concentration and
size of viral aggregates increased.

A comparative study of the ultrastructure
of cells in normal and infected plants showed
that the affected cells contain significantly
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Fig. 1. a — Bacillus-like particles of the blackcurrant reverse virus in the nucleus of
blackcurrant leaf cells (VP — viral particles, N — nucleus). Marker size — 1000 nm;
b — Bacillus-like viral particle with rounded ends in a suspension of abnormal
blackcurrant flowers. Marker size — 100 nm

Fig. 2. Viroplasmas of Cucumber mosaic virus 1. Smith: a — in the cytoplasm of Che-
nopodium quinoa cells (VP — viral particle). Marker size — 1000 nm; b — isomet-
ric particles of Cucumber mosaic virus 1. Smith, from Chenopodium quinoa leaves.

Marker size — 100 nm

more myelin-like formations than healthy ones.
Their number, size, shape, and location are not
the same for different viral diseases. They were
found in the cytoplasm, chloroplasts, and vac-
uoles. In blackcurrant plants infected with the
cucumber mosaic virus, myelin-like bodies are
found not only in the cytoplasm of the affected
cells but also in the extra plastic space and are
characterized by unstable packaging of swirls
placed parallel to the membranes (Fig. 3).

In blackcurrant plants infected with the
Blackcurrant reversion virus, amorphous and
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crystalline inclusions are often found. The pres-
ence of electron-dense material in the cytoplasm
of cells, externally granular or finely fibrillary,
was observed in studying the strain of Tomato
mild mottle virus (ToMMmoV) using an elec-
tron microscope [13].

A characteristic structural component of me-
sophyll cells is peroxisomes. They are found in
all eukaryotic cells and are highly metabolic or-
ganelles surrounded by a single membrane [14,
15]. The involvement of peroxisomes in main-
taining oxidized-reduced homeostasis has been
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Fig. 3. Myelin-like bodies for damage of blackcurrant
plants infected with Cucumber mosaic virus 1. Smith.
The marker size is 1000 nm

Fig. 4. Crystalline inclusions in the peroxisomes of to-
bacco leaf cells (PX — peroxisomes, CH — chloroplast)
infected with Cucumber mosaic virus 1. Smith. Marker
size — 1000 nm

noted in [16]. We found that at the stage of nec-
rotization of a Nicotiana tabacum leaf infected
with the Cucumis virus 1. Smith, the peroxisome
matrix is intensively filled with crystalline in-
clusions, which have an electron-dense surface
or are a system of rods with different configura-
tions in the form of rectangles and trapezoids.
They completely fill the matrix (Fig. 4).

In studying the ultrastructure of plant cells
affected by various viruses, characteristic signs
of morphological changes in plastids were es-
tablished. Analysis of their morphology in
plants affected by cucumber mosaic and cur-
rant double viruses indicates that the largest
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amount of outgrowths and cup-shaped forma-
tions is contained in the plant cells of Nicotia-
na tabacum. At the same time, their internal
structure is being rebuilt. In one of the affected
cells, you can see chloroplasts with signs of de-
generation and a well-developed lamellar sys-
tem. In destructive chloroplasts, it is difficult
to detect a membrane system, and gran thyla-
koids are poorly distinguished or completely
absent. Instead, «blocks» can be formatted as
modified structures that arise as a result of the
destruction of grains (Fig. 5). This leads to a
sharp decrease in the volume of photosynthetic
membranes, that is, there is a typical pattern
of chloroplast aging, which is usually accom-
panied by a decrease in the leaf photosynthesis
intensity.

The study results have shown that the spe-
cies affiliation of the virus does not cause any
specific changes in the morphology and struc-
ture of mitochondria. Their structural trans-
formations under the influence of the viruses
studied were the same: changes in shape and
swelling, expansion of crysts and a decrease in
their number, a decrease in the electron density
of their matrix, etc. (Fig. 6).

Clusters of mitochondria are observed on
ultra-thin sections of individual cells. In the
formed aggregates, there are 4—6 organelles. It
is possible that in infected plants, the activity of
mitochondria during respiration increases not
due to the complication of the internal structure,
but due to the fact that the number of organelles
contained in the cell has increased.

During the development of viral pathology in
the cells of diseased plants, destructive processes
cover the nucleus as well. As a rule, it takes on
a lobed or radially elongated shape. Among the
viruses studied, the blackcurrant double virus
most induces this trait, which may be due to
the fact that, accumulateed in large quantities,
it exerts mechanical pressure on the nuclei and
thereby accelerates the process of their deforma-
tion. In this case, the electron density of the nu-
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Fig. 5. Modified forms and structures of plastids in the cells of blackcurrant leave af-
fected by cucumber mosaic virus 1. Smith — a; Blackcurrant plant affected by Black-
currant reversion virus — b; V.— vacuole, CH — chloroplast, VP — viral particles
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Fig. 6. Morphological changes of mitochondria in the cells of blackcurrant leave
affected by the viruses: a — Cucumber mosaic virus 1. Smith; b — double Blackcur-
rant virus (CM — cell membrane, M — mitochondria, N — nucleus)

cleoplasm decreases. Small cores are very rare.
As a result of the violation of the placement of
chromatin matter in the matrix, electronic light
zones are formed.

A specific sign of changes in the nucleus ultra-
structure is the content of viral particles. Of the
viruses studied, blackcurrant double particles
were most often found in the nucleoplasm of the
nucleus and perinuclear zone.

Thus, under the viral infection, a number of
morphological and structural changes occur in
the nuclei, which may be common to all viral
pathogens or only to some of them. The fact that
certain signs of pathology are more pronounced
in some viral diseases and weaker in others can
be explained by the degree of virulence of this
pathogen and plant resistance to it.

ISSN 1028-0987. Microbiological Journal. 2022. (5)

Discussion. By using electron microscopy of
ultrathin sections of blackcurrant tissues with
typical double symptoms, we found bacillus-like
particles with a size of 271 +7.19 x 78 £2.31 nm,
which differed in the size and structure from
ordinary cellular components. Virions are gen-
erally localized in the phloem tissues. The most
typical site of localization of the virus is the
nucleus and perinuclear space, rarely - the cyto-
plasm. Tubular structures were found in the nu-
cleoplasm, the size of which corresponds to the
inner rod of the particles are the nucleocapsid of
mature virions.

Our electron microscopic studies of the af-
fected tissues of the leaves and abnormal pet-
als of blackcurrant flowers confirmed the data
of other scientists on the detection of rhabdo-
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virus particles in the tissues of this culture with
characteristic symptoms of double-flowering
[17—19]. From the literature, it is known that
the diagnosis of cucumber mosaic virus (Cu-
cumis virus 1. Smith) is complicated by the fact
that its particles are difficult to differentiate
from cytoplasmic ribosomes, the size of which
is close to that of vibrios [20]. Using the electron
microscopy for the tissue cells of artificially in-
fected plants of Chenopodium quinoa, separate
areas of the cytoplasm surrounded by a double
membrane with different degrees of satura-
tion with viral particles were detected. During
the further study of the pathogen morphology
in native preparations, isometric particles with
small strongly colored central regions, the size
of which averaged 29.6 £ 0.59 nm, were observed.
The intracellular development of viruses and
their use for the reproduction of energy systems
and components of the cell lead to significant
morphological and structural changes in the
latter. However, intracellular reproduction of the
virus in subliminal and latent infections does
not cause significant changes in host cells but
can cause a very wide range of structural and
functional changes in other types of infections:
local, systemic, acute, chronic, or persistent.
Such myelin-like formations were established
when raspberry plants were infected [21]. Some
researchers have found similar myelin-like bodies
when infecting plants with the soybean mosaic
virus [22]. There is a small amount of information
in the literature about the causes and function of
myelin-like formations in the pathological state
of cells caused by the aging of plant organs [23].
Similar changes in the structure of peroxi-
somes were observed in other viral infections
in the plant cells [24—26]. Almost all the stud-
ied phytoviruses violate the ultrastructure of
plastids in some way. One of the characteristic
features of morphological changes in these or-
ganelles caused by viral infection is their shape.
On ultra-thin sections of infected tissues, they
are most often characterized by spherical, amoe-
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boid, cup-shaped, and other configurations [20].
We observed such forms of plastids in cells of
blackcurrant infected with the Blackcurrant re-
versal virus and Cucumber mosaic virus. Various
outgrowths were formed on them (Fig. 5).

Analogous phenomena are described by a
number of other scientists for other viral dis-
eases [27—30]. Such anomalies can also occur
in other plant lesions, as evidenced by literature
data [31, 32].

Almost all studied phytoviruses in some way
violate the ultrastructure of plastids. One of
the characteristic features of the morphological
changes in these organelles caused by a viral in-
fection is their shape. On ultrathin sections of
infected tissues, they are most often character-
ized by spherical, amoeboid, cup-shaped, and
other configurations [17]. We observed such
forms of plastids in blackcurrant cells infected
with doubled-flowering and cucumber mosaic
viruses. On the various plastids, outgrowths
were formed (Fig. 5).

We have also revealed the effect of the viruses
studied on the ultrastructure of mitochondria.
Their action, first of all, was manifested in the
form of these organelles. In infected cells, in
contrast to healthy ones, we observed elongated,
mace — and horseshoe-shaped mitochondria
(Fig. 6).

At the same time, their internal structure
changes. Extensive electron-light zones are
found in the matrix of many mitochondria and
the cristae are short and greatly expanded. Large
mitochondria, characterized by a small number
of cristae, are quite common.

Similar degenerative changes in the structure
of mitochondria were observed under the influ-
ence of other viral diseases in host plant cells
[33—36]. Other researchers have observed the
involvement of the plant nucleus in viral infec-
tions [37—39]. Such changes in the nucleus oc-
cur in other plant lesions [40].

Conclusions. If external anomalies are de-
tected in the form of mosaics and spots, which
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can be caused by many pathogens, and me-
chanical inoculation of the pathogen with juice
is absent, it is advisable to use electron micros-
copy, which allows one to identify structures
in the affected cell that are absent in a healthy
one. This method has made it possible to reveal
a bacillus-like virus on blackcurrant bushes

and to investigate its structure and nature of
localization.

A number of morphological and structural
changes in cellular organelles have been identi-
fied. Such changes indicate an inhibitory effect of
the virus on all physiological processes in plants,

which dramatically reduces their productivity.
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Effect of Viral Infection on the Ultrastructural Organization of Black Currant Leaf Tissue Cells
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BIUIVIB BIPYCHOTI IHOEKIIIT HA YJIbTPACTPYKTYPHY
OPTAHI3AIIIO KJIITUH TKAHVH JIMCTKA CMOPOJVHI YOPHOT

BipycHi 3axBopIoBaHHA € y’Ke HeOe3TIeYHNMI /IS ATiNHNX KYIbTYP, TOMY TOYHA i BYacCHa JIiarHOCTMKA IX Ma€ Be-
JIVIKe 3HAaYeHHs /st 60pOThOY 3 HUMM. BUKOPICTAHHS e/IeKTPOHHOI MIKPOCKOIIII /i/Is1 {laTHOCTUKY A€ 3MOTY IT06a-
YUTH BIPYCHI YaCTKY, BCTAHOBUTH IXHIO (GOPMY, pPO3Mip, TOKa/Ii3allilo B TKAHNHAX i BUSIBITHU aHOMAJIIi B ypaXkKeHNX
KJTITMHAX POCINH, a TOMY € e(DeKTUBHMM METOHOM pO3IisHaBaHH:A 30yIHUKIB TakMX 3axBopioBaHb. Meta. IIpo-
BECTU MOPiBHANbHE JOCTIKEHHA 3M0POBUX i XBOPUX MUCTKIB CMOPOAVHM YOPHOI 3 METOIO BU3HAYEHHSA CTYIIEHsA
BIUIVBY IBOX BipyCiB Ha aHaTOMIUHY CTPYKTYPY OpTaHes i BKITIOUeHb, IKe MOXKHa Oy/ie BUKOPUCTATH B IlaTHOCTHII
Ta ineHTN(iKanii Bipycis, KOTpi ypaxxyoTb pocnuuu. Meromu. MarepianoM cyryBaau poCIHU YOPHOI CMOPOLN-
HY 3 CUMIITOMaMI peBepcil Ta 3e/IeHO0i Kpan4acToCTi, AKi BUABJIAIOTH Bi3ya/JbHO PV 0OCTEXEHH] HacaKeHb L€l
KynbTypu. Mopdororito BipycHIX 4acTOK, aHaTOMIUHY CTPYKTYPy OpraHesI i BK/IIOYeHb BUBYA/IN i3 3aCTOCYBaHHAM
METOJIy €IeKTPOHHOI MiKPOCKOIi yIbTPaTOHKMX 3Pi3iB. BUABIEHI yIbTPACTPYKTYPHIi 3MiHM B K/IiTMHaX JIOL/IbHO
BUKOPUCTOBYBATH fAK A1arHOCTMYHI 03HaKM pu ineHTudikanii Bipycis. PesymbraTu. I1pn gocimKeHHI yIbTpaTOH-
KMX 3pi3iB TKAaHVMH JIMCTKA Ta aHOMaIbHMX IEI0CTOK KBiTKM CMOPOAVHY YOPHOI 3 CUMIITOMaMy PeBepCil BUABIEHO
6arnoBugHuit Bipyc Blackcurrant reversion virus i3 poguau Rabdoviridae, sikuit nerko ineHTniKyBaTH 3aBIsKu
30BHILIHPOMY BUITIAAY i BETMKMUM pO3MipaM, 3a sKVMM BOHM Bifipi3HAIOTbCS Bif NOAIOHNX O3HAK Y 3BMYANHIX
KJIITUHHIX KOMIIOHEHTAaX. 3a pe3y/lIbTaTaMy efIeKTPOHHO-MiKpOCKOIIIYHMX METO/IIB JOCTi/PKEHHA MITYYHO 3apaXke-
HUX pociuH Chenopodium quinoa iHOKyTIOMOM ypaXKeHMX NTUCTKIB YOPHOI CMOPOJVIHY, Y K/IITMHAX 3HAXOMATHCA
Bipionn Cucumis virus 1. Smith, 1110 BiIbBHO pO3MIIIYIOTBCS B IMUTOIUIA3MI KIIITHHM BIEPEMDKKY 3 prOOCOMaMIL
B ypakeHux mapeHXiMHUX KIiTMHAX BMABJIEHO TaKOXX OKPeMi 30HM LIMTOIIA3MM 3 BUCOKOIO KOHII€HTPAILi€l0 Bi-
pycy. Ilif 4ac mocmipkeHHsA YIBTPAacTPYKTYpU KITUH POCAMH CMOPOAMHU YOpHOI, ypakeHux Cucumis virus 1.
Smith, mieniHomoxiOHi Tina 3ycTpivaaics He Mulile B UTOIIA3MI BpayKeHIX KTITHH, ajle i B eKCTpa I1a3MaTUIHOMY
mpoctopi. AHasi3 MOpQOIOrii XTOPOIIACTIB CMOPOJMHM YOPHOI, YPasKeHIX 3€/IEHOI0 KPAYacTIiCTIO Ta peBepciero,
CBIYMTD TIPO Te, 10 Y 6araThoX KIITMHAX € XIOPOIIACTY 3 BUPOCTAMM Ta YAIIOIOAIOHIMI YTBOPEHHAMM. 3a pis-
HYX BIpYCHUX iH(eKIIiil CIOCTepiraeThbCcs BelMKa pisHOMaHITHICTb MiTOXOHAPIN 3a POPMOIO i BHY TPIlIHBOIO CTPYK-
Typolo. BcraHoBieHo, 0 Ha cTapil HeBporusanii mictka Nicotiana tabacum, indikosanoro Cucumis virus 1. Smith,
MaTPUKC IIEPOKCUCOM iHTEHCHBHO i IOBHICTIO 3aIIOBHIOETHCA KPUCTATiYHYMY BK/IIOYE€HHAMH, AKi MalOTh €IEKTPO-
HHO-II[/IbHY ITOBEPXHIO 260 € CMCTeMOIO TT/IMYOK 3 Pi3HOI KOHQIrypaljieo y BUIJIAAL IPSIMOKY THUKIB 1 Tparteriit.
3 po3BUTKOM BipyCHOI IATOJIOTII y K/IITMHAX XBOPUX POC/INH, IeCTPYKTUBHI ITPOLIeCH OXOIIIIOITS i Afpo. BusasneHo
XapaKTepHi 03HAKM YPaKeHH: sAfpa 30yIHUKOM Bipycy peBepcii YOPHOI CMOPOAMHY, 110, MOXXIMBO, IIOB 3aHO
3 TUM, 11O L€l BipyC, HAKONMYYIOYNCh Y BEIMKIN KiIbKOCTI, 31iJICHIOE ME€XaHIYHMII TUCK Ha ApO i TUM caMUM
IPHUCKOPIOE TIporiec AedopMallii ak o pagnKanbHOI 3MiHM YIBTPaCTPYKTYPU AApa depe3 OBy BICOKOTO BMICTY
BipYCHMX YaCTOK Y HYK/I€OIITasMi Afpa Ta NMepuHyKeapHilt 30Hi. BucHoBku. ITpn BusAB/IeHH] 30BHIlIHIX aHOMa-
il y BUDIARL MO3alqYHOCTeIl, IVIAMICTOCTel], BUKIMKAaHUX OaraTbMa IaTOreHaMy, Ta 3a BiICYTHOCTI MeXaHi4yHOI
iHOKyALil 30yQHMKA COKOM JIOLI/IbHO BUKOPUCTATU METOJ, e/IeKTPOHHOI MiKpOCKOIII, KNI A€ 3MOTy BUABUTY B
ypaKeHiit K/IiTUHI CTPYKTYpH, BiicyTHi y 3f0poBiit. Ieit MeTo jaB HaM MOXK/IMBICTD 3HAITH GALIMIOBUIHNI Bipyc
Ha KyI[aX CMOPOJVHY YOPHOI, JOCTIUTY JI0TO CTPYKTYPY Ta XapaKTep JI0Kajisalii. Y mpoueci JociikeHb BUAB-
JIEHO HU3KY MOP(OTIOTIYHNX 1 CTPYKTYPHUX 3MiH KITITMHHUX OpPTaHer, sKi CBig4aTh Mpo iHri6yo4unii BIVIUB Bipycy
Ha ¢isionoriuHi mpouecn y pocinHax, o pisko 3sHIKYE IXHIO IIPOAYKTUBHICTD.

Kntouogi cnosa: cmopoduna wopHa, Knimuna, ipycHi xeopobu, Xnoponaacmu, mitoxoHopii, A0po, nepokcucomu,
YAbMPAcmpyKmypa, enexmpoHHa MiKpOCKONis.
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