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VIEW OF THE PATHOGENETIC MECHANISMS OF JOINT DAMAGE
IN CORONAVIRUS DISEASE 2019 (COVID-19)

The Coronavirus disease 2019 (COVID-19) pandemic has had an extremely serious impact on the livelihoods of people world-
wide. Despite the mainly respiratory manifestations of SARS-CoV-2 infection, its consequences can affect the functioning of most
systems of organism, including the musculoskeletal, dysfunction of which is a leading factor in disability of the population.
Diseases of the joints are one of the most common pathologie of modernity, which in the last decade are increasingly found in
young people and even children. The musculoskeletal symptoms can be observed as isolated clinical signs and expressed regard-
less of the severity of the viral disease. Chronic fatigue, myalgia, swelling and joint pain may occur during the acute phase of
COVID-19 and as short-term or long-term complications, but their prevalence has not been systematically studied. Considering the
wide range of clinical manifestations of SARS-CoV-2 infection and the complexity of their pathogenesis, the mechanisms underlying
lesions of musculoskeletal system and rheumatological complications remain unclear. Today, the main research in this direction
is focused mainly on a complete understanding of the regulatory pathways of immune dysregulation and inflammation.
Excessive secretion of pro-inflammatory cytokines, disruption of signal transduction and immune response are the result of the
severe impact of SARS-CoV-2 infection on most organs, including joints, as well as the use of corticosteroids for the treatment of
patients with COVID-19. The presented review highlights generalized information on the main pathophysiological processes that
can occur in the joints as a manifestation of the impact of SARS-CoV-2 infection, and possible key mechanisms which contribute

to the progression of pathological changes.

Keywords: COVID-19, SARS-CoV-2, musculoskeletal system, joints, osteoarthritis.

Introduction. The pandemic of the Coronavirus disease
COVID-19 is a relevant topic worldwide due to its extremely
large impact on all aspects of the daily life of society. Re-
searchers and clinicians are actively studying the pathoge-
netic mechanisms of damage caused by respiratory infec-
tion SARS-CoV-2. Recently, trends in scientific research are
changing from the acute consequences of viral infection to
long-term ones. Although the SARS-CoV-2 virus is mainly
assiciatedwith the respiratory system, reports indicate to a
widespread tissue tropism of COVID-19. There is increasing
evidence of the direct and indirect effects of the coronavirus
infection on dysfunctions of various organ systems [1, 2].
The presence of musculoskeletal symptoms such as joint
pain or arthralgia, muscle pain or myalgia, reactive arthritis
and vasculitis (inflammation of blood vessels), etc., which
can be both temporary and continue for months is a concern:
there is a high probability of NSAID use, especially among
the middle-aged and elderly population [3]. Joint and muscle
pain in endemic coronaviruses is quite rare (occurs in less
than 10 % of cases), while in SARS-CoV-2 arthralgia is
noted in 15 % of cases, and muscle pain and general weak-
ness occur in one quarter or half of patients with symptoms
of COVID-19. But the potential mechanisms of the viral in-
fection impact on the musculoskeletal system have not yet
been systematically studiedand are currently limited [2, 4].
Given the wide range of symptoms, it is likely that the mech-
anism of systemic effects of SARS-CoV-2 infection is multi-
factorial. Proposed mechanisms include endothelial dam-
age and dysfunction, dysregulation and hyperactivation of
the immune system, which is described as a cytokine storm
and the ability of coronavirus to evade the immune system.
As a result, coagulation and inflammation can significantly
affect the progression of the disease and possibly lead to
injury to the musculoskeletal system, in particular patholog-
ical manifestations in the joints [5]. Despite the fact that there
is an increase in the number of cases of arthritis after infec-
tion with COVID-19, the potential mechanisms at the origin
of arthritis in the context of SARS-CoV-2 viral infection still
remain at the hypothesis stage [6, 7]. Arthritis can also occur
as a result of steroid and antiviral drugs used to treat

COVID-19. Rheumatoid arthritis (RA), which can occur after
COVID-19, deserves special attention [8]. Today, this issue
is a completely new challenge for rheumatologists and sci-
entists, which requires study and long-term observation.

Potential cellular targets of the musculoskeletal sys-
tem for SARS-CoV-2 infection. Coronaviruses are known
to enter host cells in three ways: receptor-mediated plasma
membrane fusion, receptor-mediated endocytosis, or anti-
body-dependent viral entry. Receptor proteins on the sur-
face of host cells are critical forvirus attachment to cells.
SARS-CoV-2 mediates infection by binding its spike protein
(which comprises S1 and S2 subunits) to one of its main re-
ceptors, the angiotensin-converting enzyme 2 (ACE2), using
the host cell surface proteases, in particular, transmem-
brane serine protease 2 (TMPRSS2), lysosomal cathepsins,
proprotein convertase it is also known as a furin, etc., the
expression of which is crucial for the fusion of membranes
and the final penetration of the virus into the cell [9].

ACE?2 is expressed to varying degrees in almost all hu-
man organs (lung, heart, gut, adipose tissue, thyroid, kid-
ney, vessels, and brain) [10]. Therefore, all types of cells
and tissues that express ACE2 may be potential targets for
SARS-CoV-2 infection. It is believed that SARS-CoV-2 can
achieve a primary infection through the respiratory tract,
then enter the circulation and infect non-target tissues con-
taining ACE2- and TMPRSS2-rich cell types.

In studies [2] showed that a part of B cells in the epithe-
lium of the respiratory tract, mast cells, macrophages, alve-
olar cells and T cells express ACE2 and TMPRSS2. In hu-
man skeletal muscle tissue, multiple cell types (endothelial
cells, smooth muscle cells, pericytes, muscle stem cells,
macrophages, adaptive immune cells and muscle fibers)
express TMPRSS2. However, only smooth muscle cells and
pericytes express ACE2. Several cells in the synovium, in-
cluding fibroblasts, monocytes, B cells, and T cells, express
ACE2 and TMPRSS2. In articular cartilage, proliferative, hy-
pertrophic and effector chondrocytes express ACE2, and
only homeostatic chondrocytes express TMPRSS2. In the
meniscus, a small proportion of cartilage progenitors and

© Borodin S., Tuharov Y., Ostapchenko D., Kot L., Korotkyi O., 2022
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regulatory fibrochondrocytes express ACE2, while
TMPRSS2 is not detected. ACE2 was found to be expressed
in samples of composite unenriched cortical and trabecular
bone and in osteoblast-enriched samples, whereas
TMPRSS2 was almost undetectable in composite bone tis-
sue but was expressed in all osteoblast-enriched samples.

Similar results indicate that musculoskeletal tissues
may be potential sites of direct infection by SARS-CoV-2.
Despite significant research efforts to learn more about the
pathogenesis of COVID-19, musculoskeletal involvement
is understudied. However, there is scientific evidence [11,
12], which report that RNA of SARS-CoV-2 was not de-
tected in any of the knee joint samples: synovial fluid, syn-
ovial membrane and bone tissue, as well as in myocytes of
muscle tissue, despite a positive result in samples of other
tissues (sputum, nasopharyngeal secretions, blood and fe-
ces). During the past few months there have been isolated
reports [13, 14] about of cases SARS-CoV-2 RNA detec-
tion in the synovial fluid, which is associated with the de-
velopment of arthritis on the background of a viral infection.
The establishment of such cases raises the probability that
SARS-CoV-2 RNA may be a pathological stimulus for local
synovial inflammation in the joint, which deserves further
consideration and investigation.

Clinical manifestations and symptoms of joint dis-
ease in COVID-19. The clinical spectrum of COVID-19
symptoms ranges from asymptomatic infection or mild res-
piratory symptoms (dry cough, nasal congestion, sore throat
and dyspnea) to severe pneumonia with acute respiratory
distress syndrome and multiorgan dysfunction. New evi-
dence suggests that SARS-CoV-2 infection can cause mus-
culoskeletal damage during the infectious or post-infectious
stage. Patients with COVID-19 sometimes experience hy-
pocalcemia, vitamin D deficiency, and possible immobiliza-
tion due to the disease, which contributes to bone deminer-
alization. In general, SARS-CoV-2 infection may be a trigger
forclinical arthritis, through mechanisms related to immune
inflammation, but most often it is associated with arthralgia,
myalgia and muscle weakness [15]. Today the overwhelm-
ing number of studies on COVID-19 consider the occur-
rence of arthralgia and myalgia together as a single entity
[3, 16]. However, researches are emerging that highlight
the appearance of joint pain associated with COVID-19 as
a new and clear manifestation of SARS-CoV-2 infection
which was previously underrecognized by clinicians [16,
17]. Arthralgia is mentioned as one of the possible early
symptoms in patients with COVID-19, which occurs inde-
pendently of respiratory symptoms [18]. Also, systematic
reviews confirm that approximately 4 % to 12 % of patients
still suffer from arthralgia during the first year after infec-
tion [19, 20]. The causes of joint pain can be varied: from
degenerative and destructive processes to inflammation of
the periarticular tissues. It can also be caused by other
conditions, such as an infection or vaccination [21].

Viral arthritis usually manifests as a polyarticular arthritis
that coincides with other viral symptoms, the pathological
mechanism of which may be mediated by local destruction
after viral infiltration of tissue or an immune-mediated re-
sponse triggered by molecular mimicry. Some identified
cases of arthritis in patients with COVID-19 were clinically
more consistent with reactive arthritis, although often the pa-
tient was not diagnosed extra-articular symptoms, as it is
usually triggered by bacterial infections, but it can also be
caused by viruses. Reactive arthritis is usually mono- or oli-
goarticular and asymmetric in distribution, may occur some-
time after the initial viral symptoms and in most cases, it

ISSN 1728-3817

disappears within three to six months without causing long-
term problems [6, 13]. Arthritis may be a response to a
masked pulmonary or gastrointestinal infection as a conse-
quence of COVID [6, 22] or it may be a nonspecific conse-
quence of the "cytokine storm" that accompanies sympto-
matic forms of the disease [23].

In addition, it is important to understand the effects on the
musculoskeletal system of modern drugs: the use of antibiot-
ics to eliminate any factors associated with reactive arthritis,
analgesics for pain relief, nonsteroidal anti-inflammatory and
specific antiviral agents, steroids or antirheumatic drugs,
given that the side effects profile of many of these drugs coin-
cides with the symptoms that are characteristic of COVID-19
and may mask the presence of SARS-CoV-2 infection.

Therefore, clinical signs of damage to the musculoskeletal
system, in particular the joints, against the background of both
acute infection and long-term COVID-19 must be carefully an-
alyzed in combination with the results of laboratory tests, in-
cluding parameters associated with inflammation and infec-
tion (Interleukin 6, procalcitonin, C-reactive protein, etc.).
Monitoring symptoms is of paramount importance to minimiz-
ing any progressive and long-term disability.

Pathophysiological mechanisms of joint damage in
SARS-CoV-2 infection. It has been established that the path-
ophysiological mechanisms of COVID-19 are related to direct
viral invasion via ACE2 receptors, dysregulation of the renin-
angiotensin-aldosterone system (RAAS), hypoxia, hyperin-
flammation, endotheliopathy and thrombosis [24]. The poten-
tial mechanisms underlying the occurrence of joint patholo-
gies or complications of their course caused by SARS-CoV-2
infection remain at the hypothesis stage. However, their
main evaluation is focused mainly on immunopathological
features, which include the hyperactivation of immune cells,
prolonged inflammatory response, release of a large number
of pro-inflammatory cytokines and chemokines, insufficient in-
terferon response and possible production of autoantibodies
[8]. An inflammatory reaction (both innate and adaptive im-
mune response) in the airways caused by SARS-CoV-2 in-
fection can lead to systemic inflammation. In severe cases,
COVID-19 can excessively stimulate the immune re-
sponse, leading to uncontrolled release of cytokines, a so-
called "cytokine storm," T-cell depletion and lymphope-
nia [25]. The systemic inflammatory response together
with other concomitant pathological factors, causes disrup-
tion or deregulation of many organ systems, exacerbation
of existing pathologies and can be a trigger for pathological
changes in the joints [26].

Studies have shown that SARS-CoV-2 infection induces
an increase in important pro-inflammatory molecules which
impact on musculoskeletal tissues: interleukin 1 beta
(IL-1B), IL-6, IL-8, IL-17 and tumor necrosis factor al-
pha (TNF-a), interferon gamma (IFN-y), interferon-gamma
inducible protein 10 (IP-10 or CXCL10), monocyte chemoat-
tractant protein 1 (MCP1), C-reactive protein (CRP), soluble
receptor for advanced glycation end products (SRAGE), re-
ceptor activator of nuclear factor-B ligand (RANKL), vascu-
lar endothelial growth factor (VEGF) and macrophage col-
ony stimulating factor (M-CSF), et al. [27]. These inflamma-
tory mediators can promote phenotypic stability of joint car-
tilage, catabolic cascades and tissue destruction, leukocyte
infiltration or tissue repair [2, 28]. IL-1B, IL-6 and TNF-a are
key inflammatory factors in the pathogenesis of osteoarthri-
tis (OA), induce chondrolysis, that may result in the occur-
rence of arthralgias, and are involved in joint degeneration
and synovial cell activation in RA [29]. CXCL10, IL-17 and
TNF-a are known to play an important role in
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osteoclastogenesis [30, 31]. It is believed that IL-13, IL-17
and TNF-a involved in inflammatory processes in tendinopa-
thy and degenerative tendon disorders [32].

It should be noted that the increased level of inflamma-
tory mediators promotes vasodilation and induces dysfunc-
tion of endothelial cell, which can result in impaired blood
circulation in the synovial membrane and subchondral
bone, degenerative changes in articular cartilage, stimula-
tion of osteocyte apoptosis and osteoclast formation, and
affects bone metabolism. Endothelial cells are rich in
ACEZ2, so the virus itself can directly cause dysfunction by
simply infecting the cells [33].

The inflammatory effects of key cytokines such as IL-1,
IL-6, IFN-y and TNF-a are realized through the appropriate
intracellular signaling pathways resulting in the activation of
nuclear factor kappa-light-chain-enhancer of activated B
cells' (NF-kB), JAK/STAT and MAPK pathways [34, 35].
Through various combinations of cytokine receptors and sig-
nal transduction pathways, a one signaling molecule may
not only participate in one pathway, but also affect the trans-
duction of other pathways.

S. Ong, et al. reported that abnormally elevated levels
of pro-inflammatory cytokines (particularly IL-1B) persisted
6 months after contracting COVID-19, even in patients who
remained asymptomatic during the acute phase of the
disease [36].

The relationship between COVID-19 and RA. The con-
sequences of COVID-19, in particular rheumatological man-
ifestations that occur during the course of a coronavirus in-
fection or after an acute illness, have been investigated
since 2019. In the literature sources it is mentioned that
respiratory viruses can be associated with the develop-
ment of RA — an autoimmune disease which results in joint
destruction, is characterized by chronic inflammation, pro-
gresses cumulatively and has a wide range of extra-artic-
ular (systemic) manifestations [37, 38]. In terms of the se-
verity of joint damage, RA is unparalleled among other dis-
eases of the musculoskeletal system. For the treatment of
this pathological condition, a "treat to target" strategy is of-
ten used, which aims to achieve a state of remission or a
low disease activity, and needs the use of immunosuppres-
sive drugs, which requires increased attention to their im-
mune status to minimize infectious risks, especially during
the COVID-19 pandemic [39].

As you know, any infectious pathology is closely related
to autoimmune, since both pathogenetic mechanisms inter-
act with each other, jointly causing the response of the im-
mune system. The mechanisms of the development of auto-
immune reactions include the induction of costimulators of
antigen-presenting cells (primarily macrophages that first
encounter an infection); molecular mimicry (when a foreign
antigen has a common sequence or structural similarity with
its own antigens); the influence of viruses that cause poly-
clonal activation of B-lymphocytes, provoking the synthesis
of a significant number of antibodies, some of which are au-
toreactive, etc. Because most patients with an autoimmune
disease the symptoms appear long before the onset of ab-
normal immune reactions, it is often difficult to pinpoint the
factors responsible for the onset of the disease.

The mechanisms of the autoimmune reactions caused
by the SARS-CoV-2 virus have not been sufficiently stud-
ied, and it is still too early to predict a direct relationship
between the coronavirus infection and the development of
RA [40]. Immunologists and rheumatologists suggest that
SARS-CoV-2 may indeed be the virus that causes acute au-
toimmune diseases in genetically predisposed patients. In
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the modern scientific literature, the question is even raised:
is COVID-19 an infection or an autoimmune disease? [41].
Although several cases of RA after COVID-19 have been
reported [42, 43], more research is still needed to under-
stand whether the manifestation of RA is related to
SARS-CoV-2 infection or is a coincidence. Both COVID-19
and RA have similar pathogenesis mechanisms mediated
by aberrant ACE/ACE2 activity, and driven by the activities
of analogous macrophage clusters [8, 44]. ACE activation
promotes the accumulation of angiotensin Il, which may be
pathologically involved in both COVID-19 and RA. In the in-
flammatory environment, angiotensin Il is known to induce
inflammatory responses and vascular permeability by en-
hancing the production of prostaglandins and VEGF. These
inflammatory mediators further contribute to the activation of
nuclear factor NF-kB, which enhances inflammatory reac-
tions and promotes the infiltration of inflammatory cells into
damaged tissues [8, 35]. Therefore, the hyperactivation im-
mune inflammatory response provoked by COVID-19 may
serve as a potential causative factor in the development of
autoimmune and rheumatic manifestations.

Analyzing the results of scientific research, several pos-
sible specific mechanisms can be identified, such as the pol-
yclonal activation of B-lymphocytes; immunosuppression,
which occurs in most patients with COVID-19 in the early
phases of the disease; inadequate syndrome of recovery of
the immune system after the acute phase and immunosup-
pression with a breakthrough of autotolerance; the results of
polypharmacotherapy, glucocorticoids, immunoglobulins
and other immunoactive drugs [45].

A critical view at the crosstalk between COVID-19
and OA. Osteoarthritis is one of the most common diseases
in the elderly, which ischaracterized by inflammation of all
articular structures, muscle atrophy, bone remodeling and
sclerosis, cartilage destruction, meniscus damage, synovial
membrane hypertrophy, osteophyte development and liga-
ment dysfunction. Often of this pathology is present simulta-
neously with other chronic diseases such as cardiovascular
disease, diabetes and obesity. These comorbidities are risk
factors for infection with COVID-19 and its high severity.
Currently, there is not enough evidence that COVID-19 pro-
vokes the development of OA. Scientific sources suggest [5]
that the inflammatory reaction in the organism caused by the
SARS-CoV-2 virus, even of a low degree, can generate a
large number of pro-inflammatory cytokines, which contrib-
utes to the destruction of cartilage, thus inducing of OA or
worsening its course. Studies of the biochemical mecha-
nisms of the potential effects of SARS-CoV-2 infection on
cartilage degeneration or synovial inflammation in the joints
are still at the initial stage [46].

Conclusions. Pathological changes in the organism
caused by COVID-19 are mainly related to the expression of
ACE2 in the appropriate cells of various tissues, impaired
functioning of the renin-angiotensin system and inflamma-
tion. An excessive inflammatory reaction can cause serious
damage to the musculoskeletal system, more than the coro-
navirus infection itself. Muscle fatigue, myalgia, joint pain
and arthritis are the most common extrapulmonary manifes-
tations of SARS-CoV-2 infection, which can have severe
short-term or long-term consequences, the elimination of
which sometimes require the use of steroids, nonsteroidal
anti-inflammatory drugs, or physiotherapy. It is believed that
these symptoms mainly arise as a result of inflammatory and
immune reactions, in the development of which pro-inflam-
matory effector cytokines are involved in combination with
factors related to concomitant therapy. Studies emphasize
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that laboratory indicators (increased levels of C-reactive
protein, creatinine, D-dimer, cytokines, lymphopenia, leu-
kocytosis, etc.) and imaging methods (computed tomogra-
phy, magnetic resonance imaging, ultrasound, radiog-
raphy) play a crucial role in the diagnosis and assessment
of manifestations of COVID-19. However, most of these
methods focus mainly on the respiratory, cardiovascular
and digestive systems, only a few results are related to the
musculoskeletal system. Clinical features and mecha-
nisms of musculoskeletal manifestations of COVID-19 re-
quire study and in-depth analysis.
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KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

nornsan HA NATOrEHETUYHI MEXAHI3MU YPAXEHHS CYIrnoBIB
NP KOPOHABIPYCHIU XBOPOBI 2019 (COVID-19)

IMandemisi kopoHaeipycHoi xeopobu 2019 (COVID-19) Had3euy4aliHO ceplio3HO ennuHyna Ha xummeodisnbHicms sodeli 8 ycbomy ceimi. Hesea-
JKaro4u Ha nepesaxHo pecrnipamopHi eusisu iHgekuyii SARS-CoV-2, ii HacniOku MOXymb He2amueHO ersiueamu Ha (hyHKYioHyeaHHs 6inbwocmi cu-
cmeM op2aHi3my, 30Kkpema Ui Kicmkoeo-m's130801, OuchyHKYis1 Kol € npoeidHUM ¢hakmopom iHeanidu3ayii HacesnieHHs1. 3axeoprosaHHs cyanobie €
00HUMU 3 HalinowupeHiwux namoJsioeili cyyacHocmi, siki 8 ocmaHHe decssmunimmsi ece Yacmiwe eusiensitombcsi y Monodi U Hasimeb dimeli. Cumn-
momu ywkodXxeHb OMOPHO-PYX08020 anapamy MOXymb criocmepizamucs y eu2snsidi i30/1b08aHUX K/iHIYHUX O3HaK Ma eupa)xamucsi He3asleXHo eid
8a)Kkkocmi eipycHo20 3axeoprogaHHsl. XpoHiYyHa emoma, Mianzisi, Habpsk i 6inb y cyanobax Moxyms euHukamu nid 4ac 2cocmpoi ¢phazu COVID-19, a
makox siKk Kopomko4yacHi a6o mpuearni ycknadHeHHsl, Mpome ixHs MowupeHicmb cucmeMmamuy4yHO He eugyaslacsi. Ypaxoeyroqu WuUpoKuli cnekmp
KniHi4YHUX susieie iHgekyii SARS-CoV-2 i cknadHicmb ii namozeHe3y, MexaHi3Mu, W0 s1ie)xamb 8 OCHO8i ypaXKeHb OMOPHO-PYyX080i cucmemu ma pee-
Mamosio2iyHuUx ycKknadHeHb, 3a1uwaromecsi He3'sscoeaHuMu. Cbo200Hi 0CHOBHI 0CiOXeHHs 8 UbOMY HanpsiMi 30cepediKeHo nepesaXxHo Ha rnoe-
HOMY pPO3YMiHHI pe2ynisimopHux wsixie iMyHHOi ducpeaynsayii i 3ananeHHs1. HaOmipHa cekpeyisi npo3ananbHuUX YUMOKIHIe, MOPYyWeHHs cu2HalbHOi
mpaHcAyKyii ma imyHHoi 8idnoeidi € Hacniokom eaxkozo ennusy iHgekyii SARS-CoV-2 Ha 6inbwicmb op2aHis, eKmovaroyu cyanobu, a makox 3a-
cmocyeaHHs1 kopmukocmepoidie Ons nikyeaHHs1 xeopux Ha COVID-19. Y npedcmaeneHomy o2n150i euceimneHo y3azanbHeHy iHhopmayiro w000
OCHO8HUX namodgizionozidyHux npouyecis, ski MoXXymb 8idbyeamucsi y cyanobax, sik eusigie ennuesy iHgekyii SARS-CoV-2, i Moxnueux Knro4oeux
MexaHi3Mis, siKi crpusitomb NMPo2pecyeaHHIo0 MamoJsio2i4YHUX 3MiH.

Knroyoei cnosa:COVID-19, SARS-CoV-2, onopHo-pyxoeuti anapam, cyanobu, ocmeoapmpum.
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FEATURES OF THE ROOT AND RHIZOME ANATOMICAL STRUCTURE
OF POTENTILLA ALBA L. AS A DIAGNOSTIC SIGN OF THE RAW MATERIALS

Raw materials derived from the species Potentilla alba L. have been widely used in medicine. It has been shown that roots and
rhizomes contain compounds with a number of antioxidant properties that may support therapeutic, namely anti-inflammatory and
adaptogenic effects. The species is also promising in the complex treatment of thyroid pathology. Analysis of the obtained raw
materials for the presence of the required plant species for the manufacture of medicines is essential procedure.

The purpose of the research is to identify the anatomical features of the root and rhizome of Potentilla alba. It will help to identify
these plants in the raw material. Comparison of the anatomical structure of the roots and rhizomes of five members of the genus
Potentilla L.: P. alba L., P. anserina L., P. argentea L., P. pilosa Willd., P. reptans L. has been held. All species have been grown in
the collection of the Fomin Botanical Garden. The cross sections of the root and rhizome with a thickness of 15-20 um were made
by the means of a freezing microtome. The inclusions were identified in the resulting cross sections stained with safranin, Kl and
sudan. The species differ in the development and location of xylem elements, and by localization of inclusions.

The most effective anatomical markers of P. alba, compared to other species of the genus, are the development and the location
of rhizome xylem elements. The vessels of the secondary xylem are small, placed with uneven radial strands. The thicknes of
strands is 1-3 vessels, delimited by the rays of the xylem parenchyma. The number of inclusions depends to a greater extent on

the conditions of plant growth, so it is a less important factor during the analysis of plant raw materials.

Keywords: Potentilla alba, anatomy, rhizome, root.

Introduction. Potentilla alba L. is a valuable medicinal
plant widely used in folk and traditional medicine. It is partic-
ularly promising in the complex treatment of thyroid gland
pathology. Special attention was paid to the research of
P. alba rhizome extracts. The total content of phenols, flavo-
noids, flavonols, flavanones and proanthocyanidins was de-
termined in extracts of roots and rhizomes. The antioxidant
and pro-oxidant properties of the extracts were described. A
number of phenolic compounds in the raw material with
strong antioxidant properties were found. It can support the
therapeutic, namely anti-inflammatory and adaptogenic ef-
fects attributed to the species of this genus [1]. The effect of
various microelements contained in these plants on iodine
metabolism and thyroid gland function has also been con-
firmed [2]. Methanolic extracts obtained from the leaves of
the genus Potentilla were studied for their free radical scav-
enging activity and polyphenol composition. Many common
polyphenols, particularly oligomeric procyanidins, were
found in the leaves of P. alba. The raw material of P. alba
has high antioxidant activity, which may be related to the
high concentration of procyanidins and other phenols [3].
Thus, the species is a potential source of effective antioxi-
dants. It is promising to investigate the properties of P. alba
extracts to use them as herbal supplements for the preven-
tion of oxidative stress-related diseases in the future.

The discovery of the contained substances valuable for
the pharmacological industry in these medicinal plants con-
tributes to increasing their use. However, the natural re-
sources of this species are insufficient to satisfy the growing
needs for modern medicine for this raw material. One of the
ways to overcome this problem is to grow plants of this spe-
cies in vitro. Using this method, the area of P. alba planta-
tions can be quickly and effectively increased. Therefore,
Tikhomirova and others developed a method of microclonal
reproduction of P. alba [4]. However, the most common
method of obtaining medicinal raw materials is the gathering
of wild plants, which has a debilitating effect on natural bio-
diversity. In some European countries (in particular, Ger-
many and the Republic of Belarus), these species are
already disappearing. On the other hand, impurities of an-
other species of plant material often appear in the raw ma-
terials obtained in this way. It is possible to eliminate or re-
duce the impurities of plant species in the raw materials for
the production of P. alba extracts with the help of markers
that will make it possible easily identify the materials. These
diagnostic markers include, first of all, morphological and
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anatomical signs of vegetative organs. These diagnostic
markers include, first of all, morphological and anatomical
signs of vegetative organs. There are very little data on the
anatomy of the vegetative organs of P. alba [5]. Most of the
available information concerns the anatomical structure of the
leaves of plants of the genus Potentilla L. [6, 7]. The result of
the research has been found that the diagnostic features of
the P. alba species include the features of the cells of the up-
per and lower epidermis of the leaves and the presence of
calcium oxalate druses and three types of leaf trichomes [6].

Anatomical features of the structure of underground
plant organs can serve as important markers. However,
known today markers cannot be a sufficient for diagnosis of
raw materials [8].

The research aimed to identify the anatomical features
of the root and rhizome of Potentilla alba, by which it will be
possible to identify these plants in the raw material.

Materials and methods. The research anatomical
structure of the root and rhizome (if available) has been car-
ried out for species of the genus PotentillaL.: P. alba L.,
P. anserina L. (root only), P. argentea L., and P. pilosa Willd.
(synonym of Potentilla recta subsp. pilosa (Willd.) Rchb.f. ex
Rothm.) (root only), P. reptans L., which are most common
in Ukraine. We used plants that grow in the collection exhib-
its of the O. V. Fomin botanical garden. Cross-section slices
of 15-20 um thickness were made by freezing microtomes
from roots and rhizomes. The samples were stained with
safranin (to detect lignified structures), Kl-staining of starch
grains, and sudan-staining of lipids. Sections were de-
scribed using a microscope XSP-146TR. Photographs were
taken with a Canon Power Shot A630 digital camera.

Results and their discussion. The observed plants of
the genus Potentilla L. are representatives of Ukrainian flora
and extensively are used as medicinal plants. The under-
ground and above-ground parts of P. alba, P. argentea,
P. reptans, and P. anserina plants are harvested separately
and used as medicinal raw materials. Therefore, it is advis-
able to use specific anatomical features as markers of one
or another species. For this, it is necessary not only to have
an idea of the anatomical structure of one or another part of
the target plant, but also to know the markers by which these
plants differ from plants of other species of this genus.

Plants of the genus Potentilla L. have a similar anatomi-
cal structure to the rhizome: the periderm consists of 5—
10 layers of the suberin-impregnated cork, phellogen, and
up to 10 layers of phelloderm. Locally scales of suberinized
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cells are found above the cork, filled with air. Under the per-
iderm, there are 10-15 layers of lamellar collenchyma. In
some species, the collenchyma is lamellar-angular. The vas-
cular plant system is of the collateral type, mainly the bundle
type. The xylem is more intensively developed than the phloem.
The primary phloem is not lignified, and the xylem parenchyma
is small-celled and thin-walled. A good development pith con-
sists of thin-walled cells. The pith parenchyma, the cortical col-
lenchyma and xylem parenchyma in varying amounts are filled
with starch granules, calcium oxalate druses, and sometimes
idioblasts. No lipid inclusions were detected.

The roots of plants of this genus have a slightly thinner
periderm, phelloderm, and parenchyma. The latter has less

thickened cell walls compared to the rhizome. Radial rays of
the xylem, as a rule, are narrow and uneven, separated by
parenchymal strands containing many inclusions of starch
and calcium oxalate druses.

Along with this, some variances in the structure of the
rhizome and root in different species were revealed (Ta-
ble 1). First of all, species differ in the development and
placement of xylem elements and localization of inclusions.
However, the number of inclusions is a less important sign,
as it can vary depending on the age of the plant, the time of
harvesting raw materials, growing conditions, etc.

Table 1. Variance in the anatomical structure of the root and rhizome species Potentilla L.

Species

Inclusion

Vascular plant system

P. alba

A large amount of starch is everywhere, except
for the periderm of the rhizome and the root (Fig. 1a);

Ca? oxalate druses are everywhere except the
periderm, most in the xylem parenchyma of the rhi-
zome and root; there are also idioblasts in the core
of the rhizome (Fig. 1b, c, d; 2a)

Rhizome: metaxylem forms an almost continuous circle, narrow radial
rows of small vessels, separated by 1-2 cell strands of non-lignified paren-
chyma. The bundle type remains as the vessels of the secondary
xylem are separated by wide rays of the xylem parenchyma. The vessels of
the xylem are small. The conducting elements of the secondary xylem are
arranged in uneven radial cords, mostly 1-3 vessels thick (Fig. 1 b, c).

The xylem in the radial rays of the root is arranged in uneven radial
strands with a thickness of 1-3 vessels (Fig. 2 a)

P. anserina

In the cortical parenchyma of the root, there are
huge clusters of Ca?" oxalate druses, which are not
placed evenly (as in Potentilla alba) but form their rays,
idioblasts are absent, and there are inclusions of starch;

Starch inclusions, many Ca?* oxalate druses,
and single idioblasts are found in the root wood pa-
renchyma (Fig. 3 a, b)

In the root, the vascular elements of the secondary xylem are arranged
in uneven radial strands with a thickness of 1 to 7 vessels. The phloem is
very strongly developed compared to other representatives of the genus
and is divided into a third by cortical parenchyma inserts. The phloem of the
perennial root also has striations due to the alternation of smaller and larger
cells (Fig. 3 a, b)

P. argentea

The pith of the rhizome contains a lot of starch,
Ca? oxalate druses, and idioblasts (Fig. 4 a)

Single inclusions of Ca?" oxalates are present in
the cortical parenchyma of the root. (Fig. 4 b)

There are powerful vascular bundles with highly lignified small and large
vessels in the root and rhizome (Fig. 4 a, b)

The secondary xylem forms an almost continuous ring, parenchymo-
cytes highly lignified. The primary xylem is characterized by numerous ves-
sels with a large diameter and nonlignified parenchyma

cortical and pith parenchyma. Starch is abundant in all
structures, except for the periderm (Fig. 5 a).

Ca?* oxalate druses are present in the pith pa-
renchyma and less in the interfascicular paren-

P. pilosa Starch is present in all root structures except The xylem of the leading bundle of the root forms powerful annual rings,
the periderm. which are torn by thick strands of xylem parenchyma in 3-4 places. The

Ca?" oxalates were not detected (Fig. 2 b) xylem contains vessels with large and small diameters (Fig. 2b)
P. reptans Rhizome, root: single idioblasts are found in the The bundle type, wide strands of the interfascicular parenchyma are

separated by radially elongated rays of xylem, 1-6 vessels of small and
large diameter (up to 7 um) thick.

The vessels are not separated by parenchymal cells in a separate bun-
dle (Fig. 5 a, b)

chyma (Fig. 5 a, b)

Fig. 1. Cross-section: a) accumulation of starch in the rhizome of P. alba (safranin, Kl, sudan),
b) general structure of the rhizome of P. alba (safranin), c) location of xylem elements in the rhizome of P. alba (safranin, sudan),
d) inclusion in the pith parenchyma of the rhizome of P. alba (safranin, KIl, sudan)

bar=100 ym, 1 — periderm, 2 — cortical parenchyma, 3 — phloem, 4 — xylem, 5 — inclusion of Ca?* oxalate, 6 — inclusion of starch, 7 — idioblasts
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Fig. 2. Cross-section: a) location of xylem elements in the root of P. alba (safranin, Kl, sudan),
b) general structure of the root of P. pilosa (safranin, sudan)

bar=100 um, 1 — periderm, 2 — cortical parenchyma, 3 — phloem, 4 — xylem, 5 — inclusion of Ca?* oxalate

Fig. 3. Cross-section of the root of P. anserina (safranin, Kl, sudan): a) inclusion in the cortical parenchyma,
b) conducting system

bar=100 um, 1 — periderm, 2 — cortical parenchyma, 3 — phloem, 4 — xylem, 5 — inclusion of Ca?* oxalate

Fig. 4. Cross-section (safranin, sudan): a) general structure of P. argentea rhizome, b) general structure of P. argentea root

bar=100 um, 1 — periderm, 2 — cortical parenchyma, 3 — phloem, 4 — xylem, 5 — inclusion of Ca?* oxalate

Fig. 5. Cross section: a) general structure of the rhizome of P. reptans (safranin, Kl, sudan),
b) general structure of the root of P. reptans (safranin, sudan)

bar=100 um, 1 — periderma, 2 — cortical parenchima, 3 — floem, 4 — xylem, 5 —inclusion of Ca?* oxalate
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Thus, it confirmed basically that the anatomical struc-
ture of the roots and rhizomes of representatives of the
Potentilla genus is similar. Accordingly, some specific fea-
tures coincide between certain species of the genus. For
example, irregular rows of leading xylem elements in the
root and rhizome are characteristic of both P. alba and the
roots of P. anserina and P. reptans. Also, as in P. alba, in
the rhizome of P. reptans, radial rows of vascular elements
one vessel thick are adjacent to the pith parenchyma. How-
ever, in P. anserina and P. reptans, there are large and
small vessels in the xylem rays, while in P. alba all vessels
are small with narrow lumen. Also, the perennial roots of
P. anserina have a very well-developed phloem, which is
an important anatomical difference. The conducting sys-
tem of the rhizome of P. argentea forms a closed ring. The
bundle type of the conducting system is preserve in P. pi-
losa, but a cluster of numerous vessels of different sizes is
present, they are separated by several transverse layers
of non-lignified parenchyma cells, which makes it possible
to easily determine the age of the plant.

Among other features, the most distinctive feature was
the location and number of Ca?* oxalate inclusions. In par-
ticular, for P. alba and P. anserina, the largest number of
inclusions is localized in the xylem parenchyma. The latter
characterized by a numerous number of druses in the cor-
tex parenchyma. The most of these inclusions are concen-
trated in the pith of P. argentea and P. reptans. But in
P. reptans they are found in much smaller quantities.
Whereas in P. pilosa they are completely absent. The lipid
inclusions were not detected in any species. While starch
reserves are more labile, and their detection varies more
intensively depending on the conditions of cultivation, the
period of collection of raw materials, etc.

Conclusions. According to the number and location of
inclusions in the root and rhizome, some species are similar,
some are different, at one time. This indicator is not very
stable. It may be slightly varied depending on various fac-
tors. The roots have a more similar structure between the
species in particular, the anatomical structure of the root of
P. alba is similar to P. reptans. The most effective anatomi-
cal marker of P. alba, compared to other species of the

H. HyxwuHa, kaHA. 6ion. Hayk,
B. ManspeHko, kaHA. 6ion. Hayk,
. CuBeub, npoB. Gionor

genus, is the development and location of xylem elements
of the rhizome and root. In particular, only in P. alba the
roots contain small vessels of secondary xylem, arranged in
uneven radial strands 1-3 vessels thick, separated by rays
of non-lignified xylem parenchyma. In the rhizome, the bun-
dle type of the vascular system remained. But the metaxy-
lem between the bundles, wich bordering the pith paren-
chyma is represented by short rows of small vessels. These
rows are one cell thick and separated by parenchymal cells.
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KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleByeHka, KuiB, YkpaiHa

OCOBINUBOCTI AHATOMIYHOI BYJOBU KOPEHS
TA KOPEHEBULLA MNMEPCTAYA BIJTIOIO (POTENTILLA ALBA L.) AK OIATHOCTUYHA O3HAKA CUPOBUHU

CupoeuHa, ompumaHa 3 pocsiuH eudy Potentilla alba L., wupoko eukopucmoeyembcsi 8 MeduyuHi. [loeedeHo, wjo 3anacasbHi KOpeHi ma Kope-
Hesuuw,a Micmsimb croJslyKu, siki Maromb HU3Ky aHMUOKCUOaHMHUX eslacmueocmell i MOXymb nidompumyseamu pi3Hi mepaneemu4Hi egpekmu, 30K-
pema npomu3anansHi i adanmozeHHi. Takox eud € nepcrieKmMueHUM y KOMIJIeKCHOMY JliKyeaHHi namosio2ii wyumoeudHoi 3a103u. AHasi3 ompumaHoi
CUPOBUHU Ha HasieHiCMb rneeHo20 eudy POC/IUH € HeobxiOHoto npoyedypoto Os1s1 8U20MOBIIeHHs JliKapCcbKuXx 3acobie.

Memoro docnidxeHHs1 6ynio eusieumu aHamomiyHi ocobsiueocmi kopeHsi ma kopeHeeuwa Potentilla alba, 3a skumu MoxHa idenmudpikyeamu ui
pocnuHu e cupoesuHi. [locnidxeHHsi aHamoMmiyHoi 6ydoeu KopeHsi ma kopeHeauwa 6yso nposedeHo Ha n'asmbox npedcmasHukax pody Potentilla L.:
P. alba L., P. anserina L., P. argentea L., P. pilosa Willd., P. reptans L., siki 3pocmatoms y KonekyiliHux ekcrio3uyisix bomaHiyHo2o cady imeHi akad.
O. B. domiHa. [MonepeyHi 3pi3u KopeHsi ma KopeHesuuw,a 3aemoewku 15-20 MKM eu2omoessiniu 3a AoroOMO2010 3aMOPOKYY020 Mikpomoma. Ompu-
MaHi 3pi3u 3abapemnosanu cagppaHiHom, KI ma cy0aHom Ons eusieneHHs1 eKnmoYyeHb. Byno ecmaHoeneHo, Wo KopeHi ma KopeHesuuja pi3Hux eudie
8iOpi3HsIIOMBLCS1 32 PO38UMKOM | PO3MIUEeHHSIM €f ie KcusemMu, a makox 3a KinbKicmro ma sokanisayiero eknoyeHnb. Halibinbw egpekmueHum
aHamomi4Hum mapkepom P. alba, nopieHsIHO 3 iHWuUMu sudamu pody, € pO38UMOK ma PO3MilleHHS1 efleMeHmie Kcunemu KopeHesuwa. Jluwe y yb020
eudy cyOuHu emopuHHOT Kcunemu Opi6Hi, po3MiweHi HepieHOMipHUMU padianbHUMU MshKamMu 3aeMmoeWwkKu 8 1-3 cyOuHu, po3mMexoeaHi MPOMeHsIMU
KcuneMmHol napeHximu. Kinbkicmb ekoyeHb nepesaxxHo 3asexamsb 8i0 yM0o8 3pocmaHHsi POC/IUH, MOMY € MEHW 8a20MUM ¢haKmopoM id Yyac aHa-
J1i3y POCJIUHHOT CUPOBUHU.

Knro4voei crioea: Potentilla alba, anamomisi, kopeHesuue, KOPiHb.
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PHYLOGENETIC ANALYSIS OF BEAN YELLOW MOSAIC VIRUS ISOLATES
FROM GLADIOLI IN UKRAINE

Bean yellow mosaic virus (BYMV) is the one of most prevalent and harmful viruses infecting gladiolus plants worldwide. The
aim of the study was to perform phylogenetic analysis of two Ukrainian BYMV isolates from gladioli grown in different regions of
Ukraine and determine phylogenetic relationships of the isolates to other BYMVs. Visual diagnostics, enzyme-linked
immunosorbent assay in DAS-ELISA modification, total RNA extraction, RT-PCR, phylogenetic analysis and statistical data
analysis were used in this research. The results of the studies showed that gladioli of variety Pamyat' (Poltava region, 2018) and
var. Galyna Zelenobirska (Kyiv region, 2020) with symptoms of chlorotic stripes and mosaics on the leaves, flower color breaks
are infected by BYMV. Fragments of the CP gene sequence of Ukrainian gladiolus isolates of bean yellow mosaic virus, named
GIMP-18 (MK416160) and BYMV-GI-SV-20 (MZ286966) were sequenced and deposited to the NCBI GenBank. Nucleotide sequences
of these isolates corresponding to 578 nt of the coat protein gene (CP) located at the position 8727-9305 of the viral genome and
amino acid sequences were compared with 40 known BYMV isolates/strains. Phylogenetic analysis demonstrated that GIMP-18
and BYMV-GI-SV-20 have identity of nucleotide sequence 100 % and amino acid sequence 100 % with each other. Both Ukrainian
isolates clustered with the Monocot group. The identity of the CP gene sequences of the two gladiolus isolates GIMP-18 and BYMV-
GI-SV-20 from geographically remote regions of the country and in different years of selection indicates a common origin of isolates

and probable their distribution of planting material.

Keywords: gladiolus, bean yellow mosaic virus, phylogenetic analysis.

Introduction. Bean yellow mosaic virus (BYMV) is the
one of the most widespread and harmful virus that infects
gladiolus worldwide. BYMV belongs to the Potyvirus genus
of Potyviridae family and can infect more than 200 plant spe-
cies from 14 families. Infection with BYMV and CMV was
reported to cause (i) reduction of the number of corms and
cormels; (i) shorter life of the stock; (iii) lower number of florets
per spike; and (iv) deterioration of the flowers quality [1, 2].

There are two main classifications of BYMV isolates.
One divides all isolates into seven phylogenetic groups
(general, monocot, lupine, canna, W, pea, broad bean) ac-
cording to the coat protein sequences [3]. Second divides all
isolated into nine phylogenetic groups (I-1X) based on full
genome sequences [4]. Within the host-specific groups of
the first classification, all isolates originate from the domes-
ticated species, and none were identified in the wild plants.
On the contrary, isolates in the general group were identified
in wild and domesticated hosts of monocots and dicots [3].
Some members of the monocot group can infect dicotyle-
donous species from three families: Orchidaceae, Iridaceae,
Gentianaceae [5-9]. As phylogenetic relationships among
BYMV isolates correlate with their natural hosts, Wylie et al.
(2008) proposed seven BYMV phylogenetic groupings
based on coat protein sequences and the original hosts of
the isolates: (i) general group with a broad host range of
monocots and dicots; (ii) broad bean group; (iii) canna
group; (iv) lupine group; (v) monocot group; (vi) pea group;
and (vii) one strain 'W' from L. albus [3]. An isolate PAC-1
from Passiflora caerulea did not cluster with any of seven
host groups [10]. Interestingly, all gladiolus isolates fall into
two different groups: monocot and general. Isolates belong-
ing to the monocot group are of Europe and Asia origin from
four hosts, which are all domesticated ornamental plants
within two monocot (Orchidaceae, Iridaceae) and one dicot
(Gentianaceae) family. All these host species are propa-
gated vegetatively. International trade in infected corms of
G. hybrida would explain such a wide geographic distribu-
tion of the BYMV isolates from the monocot group.

The aim of the study was to perform a phylogenetic anal-
ysis of two BYMV isolates from gladioli grown in different

ISSN 1728-3817

regions of Ukraine and determine phylogenetic relationships
of the isolates to other BYMVs.

Materials and methods. Samples collection and visual
diagnostics. Sampling was carried out in the summer—
autumn period in 2018 and 2020 in the territories of Poltava
region and Kyiv region. Visual diagnostics revealed symp-
toms of viral infection on leaves, flowers and corms. Sam-
ples of gladiolus with both virus-specific symptoms and vis-
ually healthy plants were selected.

Enzyme-linked immunosorbent assay. To determine the
presence of viral antigens, the double-antibody sandwich
enzyme-linked immunosorbent assay (DAS-ELISA) was
used. The analysis was performed using commercial anti-
bodies against BYMV manufactured by Loewe (Germany) in
three replicates. Samples of healthy gladioli were used as
negative controls. Commercial BYMV preparations (Loewe,
Germany) were used for positive controls. The reaction re-
sults were recorded on the Termo Labsystems Opsis MR
(USA) reader with Dynex Revelation Quicklink software at
wavelength of 405 nm. Samples with absorbance values
that exceeded the negative control at least three times were
considered positive [11].

RNA extraction, RT-PCR and sequencing. GeneJET
Plant RNA Purification Mini Kit (Thermo Scientific, USA) was
used to extract total RNA from gladiolus leaves. Samples of
healthy gladioli were used as negative control. cDNA syn-
thesis was performed using RevertAid Reverse Transcrip-
tase (Thermo Scientific, USA) and BYMV-specific oligonu-
cleotide primers for amplifying a fragment of BYMV coat pro-
tein gene were used: BYMV-CP-5, 5-GAACTGTTGGAAC-
GTTTTCAATTCC-3"; and BYMV-CP-3, 5-TCTGTTCCAA
CATTGCCATCAAG-3' [12]. Amplification steps using
Dream Tag Green PCR Master Mix (Thermo Scientific,
USA) were performed using a Genetic Research Instrumen-
tation LTD thermocycler (UK). The amplification reactions
were set up as follows: initial denaturation for 3 min at 95 °C,
followed by 30 cycles of 95 °C for 30 s, 62 °C for 30 s and
72 °C for 45 s. The final extension was at 72 °C for 5 min.
The primers are expected to amplify DNA product sections
of the BYMV capsid protein gene of 590 bp. PCR products
were separated on a 1.5 % agarose gel with DNA markers
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CSL-MDNA-100 bp (Cleaver Scientific, UK), and visualized
under UV light. The PCR products were purified from the
agarose gel using Zymoclean Gel DNA Recovery Kit (Zymo
Research, USA). Sanger dideoxy direct sequencing was
performed on the 3130 Genetic analyzer (Applied Biosys-
tems-HITACHI) using the BigDye Terminator v3.1 cycle se-
quencing kit (Applied Biosystems) and primers used for
cDNA synthesis and amplification. Sample analysis was
performed using Sequencing Analysis Software v5.2.0.
Phylogenetic analysis. The obtained sequences of the
CP gene of two Ukrainian BYMV isolates from gladioli were
compared with the sequences available in the NCBI Gen-
Bank database using the BLAST program. Forty BYMV iso-
lates from different countries were used for the analysis. Nu-
cleotide and amino acid sequences were aligned using

ool 2348078000

a b c

Clustal W. Phylogenetic trees for the 578 nt fragment of CP
gene of BYMV isolates were constructed in MEGA X by the
Neighbor Joining method [13] using the Jukes—Cantor
model with 1000 bootstrap replicates to estimate the statis-
tical significance of each node. Clover yellow vein virus (Ac
No NC_003536) was taken as an outgroup for the tree [14].
The pairwise nucleotide sequence identity scores between
isolates were determined using MEGA X.

Results and discussion

During the summer—autumn period of 2018 and 2020,
samples of gladioli variety Pamyat' and var. Galyna Zeleno-
birska were collected in Poltava and Kyiv region, respec-
tively. Virus-specific symptoms of chlorotic stripes and mo-
saics on the leaves, colour breaks on the flowers were ob-
served (Fig. 1).

d e

Fig. 1. Symptoms of BYMV infection on gladiolus plants: a) — healthy, var. Pamyat', b, ¢ — chlorotic stripes var. Pamyat’, d -
healthy var. Galyna Zelenobirska; e — chlorotic mosaics and stripes, var. Galyna Zelenobirska

DAS-ELISA showed the presence of BYMV antigens in
gladioli with described symptoms (Fig. 2). In asymptomatic
gladiolus samples BYMV antigens were not detected. The

results of RT-PCR are consistent with the data obtained by
DAS-ELISA and demonstrate the presence of BYMV in the
studied samples of gladiolus leaves.
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Fig. 2. Detection of BYMV in gladioli leaves by DAS-ELISA
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Fragments of the CP gene sequence of Ukrainian gladi-
olus isolates of bean yellow mosaic virus, named GIMP-18
(MK416160) and BYMV-GI-SV-20 (MZ286966) were se-
quenced and deposited to the NCBI GenBank. Nucleotide
sequences of these isolates corresponding to 578 nt of the
coat protein gene (CP) located at the position 8727-9305
of the viral genome were compared with 40 known BYMV

This experiment demonstrated that GIMP-18 and BYMV-
GI-SV-20 are very similar to each other with the identity of
nucleotide sequence 100 % and amino acid sequence
100 %. Both Ukrainian isolates clustered with the Monocot
group (Fig. 3) and shared 96.6-99.4 % nucleotide se-
quence and 95.9-100 % amino acid identity with the mem-
bers of this clade (Table 1).

isolates/strains.

98

5-22C gladiolus Japan

E-92C gladiolus Japan

Gla Gladiolus hybrid Japan

CK-GL1 gladiolus cv. Aldebaran India
99 ' Glad-2 Gladiolus sp. cultivar: Syhia India
G1 Gladiolus hybrid Japan

MB4 Japan

BYMV-ALP Alpinia galanga India

PvB-1 Phaseolus vulgaris Australia
GDD gladiolus USA

Palampur gladiolus India

BH-8 Phaseolus vulgaris

LUtKP Lupinus angustifolius Australia
E441 gladiolus India

g9 & Danish gladiolus Denmark
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' 124 Vicia faba Japan
BYMV-Iraq12 Vicia faba Iraq
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Bean-MP-2019 Phaseolus vulgaris Ukraine
BYMVY-CB1 Senna bicapsularis China

i B BYMV-GI-SV-20 gladiolus Ukraine
7| (oo [ll GIMP-18 gladiolus Ukraine
—— VM-23 Vanilla fragrans India
— E-24N gladiolus Japan
B-33 Gentiana sp. Japan
— Masdevallia Masdevallia sp. Germany
35-1 Gentiana sp. Japan
F lisianthus Eustoma russellianum Taiwan
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9;LLMH G. hybrida Japan
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r CS Pisum sativum Japan
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100 P242 Pisum sativum Japan Pea
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_
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Fig. 3. Neighbor-joining tree based on nucleotide sequences of 578 nt CP gene fragment of BYMV isolates.

Clover yellow vein virus NC 003536

Jukes-Cantor model was performed. The scale bar shows the number of substitutions per base.
Clover yellow vein virus (Ac No NC_003536) used as an outgroup.
The studied Ukrainian gladioli isolates are marked with red squares

Phylogenetic analysis of GIMP-18 and BYMV-GI-SV-20
showed the highest percentage of identity with Japanese
isolates from Gentiana sp. 35-1 (AB097090), B-33
(AB097089), which is 98.6—99.4 % by nucleotide sequence
and 98.5-100 % by amino acid sequence, as well as with
Taiwanese isolate Lisanthus from Eustoma russellianum
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(AM884180), Chinese isolate Saffron-2 from Crocus sativus
(MG002647) — 98.2 % nt and 100 % aa; German isolate
Masdevallia from Masdevallia sp. (AF185961), Japanese
gladiolus isolate E-24N (AB029438) — 98.2 % nt and
99.5 % aa sequences, respectively (Table 1).
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Comparative analysis of identity with other BYMV groups
showed that isolates GIMP-18 and BYMV-GI-SV-20 have an
identity in the range of 92% — 92.7 % nt, 989 % -
99.5 % aa with the Lupin group; with isolates from the Broad
bean group — 85.5 % — 85.8 % nt, 97.9 % — 98.9 % aa; with

General — 82.3 % — 83.6 % nt, 93.7 % — 96.3 % aa; with the
Canna group 83.0 % — 83.6 % nt, 94.3 % — 94.8 % aa; with
a representative from group W — 85.5 % nt, 95.3 % aa and
with representatives of Pea group share identity of 80.1 % —
81.2 % ntand 92.2 % — 92.7 % aa (Table 1).

Table 1. Nucleotide and amino acid sequence identity of the coat protein gene fragments of the Ukrainian BYMV isolates
with isolates from the GenBank (%)

AcNoB GIMP-18 BYMV-GI-SV- | o ferences
No G Isolate Host Country Group (MK416160) | 20 (MZ286966)
enBank
nt aa nt aa

1 |AB097090 |35-1 Gentiana sp. Japan Monocot 994 (100 994 [100 [7]

2 |AB097089 [B-33 Gentiana sp. Japan Monocot 98.6 [98.5 |98.6 [985 [7]

3 |AM884180 |Lisianthus Eustoma russellianum | Taiwan Monocot 98.4 [985 984 [98.5 [9]

4 |MG002647 |Saffron2 Crocus sativus China Monocot 98.2 [100 98.2 [100 [15]

5 |AF185961 | Masdevallia Masdevallia sp. Germany | Monocot 98.2 [99.5 |98.2 (995 [8]

6 |AB029438 |E-24N gladiolus Japan Monocot 98.2 |99.5 [98.2 [99.5 [8]

7 |AB029435 |S-22N gladiolus Japan Monocot 97.9 [99.5 [97.9 [99.5 GenBank
8 |MK516282 |BYMV-CB1 Senna bicapsularis China Monocot 97.9 (100 97.9 [100 [16]

9 |OL555723 |Bean-MP-2019 |Phaseolus vulgaris Ukraine Monocot 959 (984 |959 (984 GenBank
10 |AY845012 |VM-23 Vanilla fragrans India Monocot 97.5 (969 |97.5 [96.9 GenBank
11 |AB079886 |M11 G. hybrida Japan Monocot 97.2 [98.6 |97.2 [98.9 GenBank
12 [AB079887 |IbG G. hybrida Japan Monocot 96.6 [97.9 |96.6 [97.9 [7]

13 |HG970866 |BYMV-LP Lupinus pilosus Australia_ | Lupin 921 199.5 [921 [99.54 [3]

14 |EU082124 |R-Lut-1 Lupinus luteus Russia Lupin 92.7 995 [92.7 995 [3]

15 |HG970868 LPexFB Vicia faba Australia_ | Lupin 92.0 |98.9 [92.0 |98.9 [3]

16 |JQ026005 |BYMV-Iraq12 Vicia faba Irag Broad bean |85.7 [98.9 [85.7 |98.9 [9]

17 |AB041970 |V 124 Vicia faba Japan Broad bean |85.8 [984 [85.8 |98.4 GenBank
18 |EU082116 |FBI-1 Vicia faba Australia  |Broad bean |85.5 |97.9 [855 |97.9 [17]

19 |EU082114 |FBI-2 Vicia faba Australia |Broad bean |85.5 |98.4 [855 |98.4 [17]

20 |AY192568 |GDD Gladiolus sp. USA General 836 958 [83.6 |95.8 [18]

21 [AB439729 |Gla G. hybrida Japan General 836 [958 [83.6 |95.8 [19]

22 |AB439730 |G1 G. hybrida Japan General 836 |96.3 [83.6 |96.3 [19]

23 |AB029436 |S-22C Gladiolus sp. Japan General 834 |94.8 834 [94.8 [9]

24 |AB029439 |E-92C Gladiolus sp. Japan General 834 [958 |834 [958 [9]

25 |KF155409 |CK-GL1 Gladiolus India General 83.0 |953 [83.0 |953 [6]

26 |JQ686721 |Glad 2 Gladiolus India General 836 953 [83.6 |953 [6]

27 |AM398198 | Palampur Gladiolus India General 83.4 953 (834 [953 GenBank
28 |AB041972 |BH-8 Phaseolus vulgaris Japan General 83.2 [94.8 |83.2 [94.8 GenBank
29 |EU082123 |PvB-1 Phaseolus vulgaris Australia | General 82.7 [958 |82.7 [95.8 [20]

30 |AF192781 |LutKP-1 Lupinus luteus Australia | General 825 (943 |825 (943 [3]

31 |D83749 MB4 - Japan General 836 [958 [83.6 |95.8 [21]

32 |MN509831 |BYMV-ALP Alpinia galanga India General 834 963 (834 ]96.3 [17]

33 |AJ844916 | E441 Gladiolus India General 82.3 |[93.7 [82.3 [93.7 [22]

34 | X53684 Danish Gladiolus hybrida Denmark | General 82.3 943 [823 943 [20]

35 |EF592169 |Csz Canna sp. China Canna 836 943 (836 943 GenBank
36 |EF592168 |Cgz Canna sp. China Canna 83.0 [94.8 |83.0 [94.8 GenBank
37 |DQ641248 |W L. albus USA w 855 953 [855 |953 [23]

38 |AB373203 [CS Pisum sativum Japan Pea 81.2 (927 |81.2 |[92.7 GenBank
39 |S§71232 | Pisum sativum Australia  |Pea 80.2 [92.2 |80.2 [92.2 [24]

40 |AB041971 |P242 Pisum sativum Japan Pea 80.1 92.7 18041 92.7 [25]

So, both Ukrainian BYMYV isolates cluster with isolates
from the Monocot group and have the highest level of the
amino acid and nucleotide sequences identity with isolates
from Gentiana plants (AB097090) and Crocus sativus
plants (MG002647). This fact is consisted withe the hy-
pothesis that Gentiana plants could be infected from Gladli-
olus plants growing nearby [3, 8, 9]. Possibly, the 'monocot
group might have coevolved with the domestication of the
host species Iris or Crocus, the ancestors of which are in-
digenous to Eurasia and are now widely grown as orna-
mental plants worldwide' [3].

Ukrainian BYMV isolate AI38 from Phaseolus vulgaris
(KT923791) and isolate AN from soybeans (KT923790) ex-
hibit the highest nucleotide sequence identity with Russian
and Australian isolates from lupine plants, and Argentinean
isolate from soybean [26]. Hence both belong to the lupine
group. These facts confirm previously shown high host-
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specificity of the BYMV isolates and suggest that GIMP-17
and GIMP-18 isolates were introduced into the Ukraine from
other geographical regions.

Conclusions. Identity of CP gene sequences of GIMP-18
and Bean-MP-2019 (isolate from bean plants, Poltava re-
gion) is only 95.9 % nt and 98.4 % aa and these isolates are
located distantly on the phylogenetic tree that indicates
about their possible different origin. GIMP-18 isolates in
2018 from gladiolus Pamyat' in Poltava region shares
100 % nt and aa CP identity with BYMV-GI-SV-20 from var.
Galyna Zelenobirska, Kyiv region 2020. Identity of two glad-
ioli BYMV isolates GIMP-18 i BYMV-GI-SV-20 from geo-
graphically remote regions of the country and in different
years of selection indicates a possible common origin of the
isolates and probable their distribution of planting material.
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'KniBcbKkui HauioHanbHWiA yHiBepcuTeT iMeHi Tapaca LLlesueHka, Kuis, YkpaiHa
2HauioHanbHuUi yHiBepcuTeT 6iopecypcis i npupoaokopucTyBaHHa Ykpainu, Kuis, Ykpaina

®INOrEHETUYHUIA AHANI3 I30NATIB BIPYCY XXOBTOI MO3AIKM KBACOSI
I3 FNARIONYCIB B YKPAIHI

Bipyc »xoemoi mo3aiku keaconi (BXXMK) € oOHuMm i3 Halibinbw nowupeHux ma WKOOOYUHHUX eipycie, wjo ypaxyroms pocsuHu a2nadionycie y
ceimi. Memoto po6omu 6yno nposecmu ghinozeHemuyHuli aHaniz 0eox ykpaiHcbkux i3onsmie BXXMK, eudineHux i3 2nadionycie pizHux obnacmedi
YkpaiHu, i eusHayumu ixHi ¢pinoceHemu4Hi 38 'A3ku 3 iHWUMU i30115Mamu Ybo2o gipycy. Y docnidxeHHi 6ynu eukopucmaHi maki Memodu: 8i3yasnbHa
OdiazHocmuka; imyHoghepmeHmMHul aHaniz y mooudpikayii "candeiu”; eudineHHss momanbsHoi PHK, 3T-IJ1P; ¢hinoceHemu4Huli aHaniz; cmamucmuyHi
memodu o6pobneHHs daHux. Pe3ynbsmamu docnidxeHb nokasanu, ujo a2nadionycu copmie lMam'ame (Monmaecbka o61n., 2018) ma NanuxHa 3eneHo-
6ipcbka (Kuiecbka 0611., 2020) i3 cuMnmoMaMu XJ10pOMUYHOT Wmpuxyeamoi Mo3aiku Ha lucmkax i po3pueom Kosibopy Keimku iHghikoeaHi BXXMK.
IMocnidoeHocmi gppaecmenma e2eHa CP ykpaiHcbKux 2nadionlycHux i3onsimie eipycy »xoemoi mo3aiku keaconi, HazeaHi GIMP-18 (MK416160) ma
BYMV-GI-SV-20 (MZ286966), denoHoeaHi do NCBI GenBank. HykneomudHi nocnidoeHocmi yux izonsmis, siki eidnoeidaroms dinsiHyi 2eHa CP po3mi-
pom 578 Hykneomudis, siokanizoeaHil y nosuyisx 8727-9305 eipycHoz20 2eHOMY, a maKoX aMiHOKUC10mHi nocnidoeHocmi nopieHsiHHI i3 40 eidomumu
BXXMK isonamamu/wmamamu. ®inozeHemuyHuli aHani3 nokasae, o GIMP-18 i BYMV-GI-SV-20 matomb Mix co6oro idenmuyHicmb 100 % i 3a Hykie-
omudHoro, i 3a aMiHokucsiomHoro nocnidoeHicmro. O6udea ykpaiHcbkKi i3onsimu Hanexamb Ao epynu Monocot. IdenmuyHicmb deox 2nadionycHux
izonamie GIMP-18 i BYMV-GI-SV-20 3a dinsiHkoto 2eHa CP i3 mepumopianbHo eiddaneHux obnacmeii kpaiHu ma e pi3Hi poku eid6opy ceidyums npo
iXHe cninbHe NoxodeHHs i iMosipHe nowupeHHs1 nocadkosum Mamepiasiom.

Knroyoei cnoea: anadionyc, sipyc xoemoi Mo3aiku keacoJi, ghino2zeHemuyHuli aHani3.
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EVOLUTIONARY RELATIONSHIP OF UKRAINIAN ISOLATE
OF ODONTOGLOSSUM RINGSPOT VIRUS

Odontoglossum ringspot virus (ORSV) is one of the most dangerous viruses of decorative orchids. Infection caused by this
virus can reduce the phenotypic differences of orchids in collections, and as a result lead to their total exhaustion. In this study,
the possible origin of the Ukrainian isolate of ORSV from the collection of O. V. Fomin Botanical Garden of the Taras Shevchenko
National University of Kyiv was investigated. The properties of nucleotide sequences of the RNA-depended RNA-polymerase (RdRp) and
coat protein gene of ORSV were examined. RNAs of ORSV isolated from leaves of Cymbidium hybridum from O. V. Fomin Botanical
Garden's collection were amplified through RT-PCR and sequenced. Obtained sequences were compared at the nucleotide level
with ORSV isolates accessible within the GenBank. Phylogenetic analysis showed that the studied ORSV isolate may have a

common root with a few South Korean isolates.
Keywords: orchids, ORSV, RT-PCR, phylogenetic analysis.

Introduction. Tropical and subtropical orchids are culti-
vated in numerous countries around the world and stay one
of the most important commercial crops within the world's
botanical industry. Viral infections of orchids are known
since the middle of the XX century. Numerous viruses influ-
ence the quality of orchids, and, subsequently, significantly
decrease their commercial and esthetical value. About
50 viruses responsible for a wide range of orchid diseases
have been currently described [1-3]. However, Odontoglos-
sum ringspot virus (ORSV, Tobamovirus) is one of the most
common as it can be rapidly transmitted, contributing signif-
icant spread of infection among susceptible plants [4-7].
This infection is transmitted exclusively in artificial ecosys-
tems basically during vegetative proliferation or mechani-
cally. Viral contamination affects the physiological state of
orchids developed in greenhouses [5]. The loss of ornamen-
tal flowers can not only damage the development of indus-
trial production in Ukraine, but also reduce the diversity of
plants in collections, since tropical orchids are mainly grown
in greenhouses as part of botanical gardens collections.
Cases of ORSV infection of tropical orchids in the collections
of ukranian botanical gardens have been known since the
late 90 s of the last century [8, 9]. The aim of the study is to
determine the origin of Ukrainian isolates of ORSV in orchid
collection from O. V. Fomin Botanical Garden of the Taras
Shevchenko National University of Kyiv.

Materials and Methods. Leaves of Cymbidium hy-
bridum with necrotic and chlorotic striping symptoms were
collected from the O.V.Fomin Botanical Garden of the
Taras Shevchenko National University of Kyiv. Virus identi-
fication was carried out using DAS-ELISA with polyclonal
antisera specific to ORSV (Prime Diagnostics, The Nether-
lands). Total RNA was extracted using the RNeasy Plant

Mini Kit (Qiagen, Germany). Reverse transcription-polymer-
ase chain reaction (RT-PCR) was accomplished using the
SuperScript Il kit (Invitrogen, USA). To amplify the coat pro-
tein (CP) gene of ORSV, RT-PCR was used in one reaction
tube with the pair of primers: ORSV-F-5'AC-
GCACAATCTGATTCGTATTGAA-3', ORSV-R-5-TATCAA
CGTTATTTTCCTAAATAT-3' (Expected product size
528 bp) [10]. The amplified products from Cymbidium hy-
bridum samples were purified using MinElute Gel Extraction
Kit (Qiagen, Great Britain). The resulting PCR products were
sequenced using Applied Biosystems 3730x1 DNA Analyzer
using Big Dye terminators, version 3.1 (Applied Biosystems,
USA). Phylogenetic analysis was carried out using Mega X
and IQTREE software.

Results and Discussion. Orchid plants from the collec-
tion of O.V.Fomin Botanical Garden of the Taras
Shevchenko National University of Kyiv with symptoms of mo-
saic, spots, necrosis, and chlorosis have been identified. Mo-
saic symptoms on leaves were an alternation of dark and light
zones, which shaped a mosaic design. Necrotic symptoms or
ring spotting were the arrangement of little (0.5-2 mm) and
medium-sized (2—4 mm) dark spots of circular and oval shape
on the leaf edge, occasionally encompassed by a limit
border (Fig. 1 A). Yellowing of the leaf edge in combination
with the arrangement of negligible leaf spots was a reasonably
common symptom. Symptoms of mosaic, yellowing, and ring
necrosis can occur in plants affected by ORSV [11-15].
ORSV was detected by ELISA with appropriate antisera in all
selected samples of orchid plants. Subsequently, Cymbidium
hybridum leaves with symptoms typical for ORSV infection,
which was also confirmed by DAS-ELISA, were used to iso-
late total RNA. Rod-shaped virions were found in the sap of
plant leaves with typical viral symptoms (Fig. 1 B).

™ & ff T — )11

Fig. 1. Leaf of Cymbidium hybridum with symptoms of black necrotic spots. (A).
Electron micrograph of rod-shaped viral particles in plant sap of Cymbidium hybridum. Bar — 200 nm (B)
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The Gene sequence of the Ukrainian ORSV isolate
(ORSV-Ukraine) was compared with other known isolates of
ORSYV accessible from the GenBank. To determine the con-
ceivable root of the ORSV isolates tested in Ukraine, a phylo-
genetic investigation based on nucleotide sequences was
conducted. The Maximum Likelihood strategy was chosen as
a discrete strategy, which was performed using the Kimura

6

two-parameter model. As can be seen from the phylogenetic
species affinity tree (Fig. 2), Ukrainian isolate (ORSV-Ukraine)
and one of the ORSV isolates from South Korea were clus-
tered together proposing their conceivable common root.
Also, the Ukrainian isolate was compared with other to-
bamoviruses to establish its species similarity (Fig. 3).

ORSV-China-Phalaenopsis

74

ORSV-China-Cymbidium sinense
ORSV-China-Dendrobum
ORSV-China-Oncidium

ORSV-China-Cymbidium sinense(2)

ORSV-Tidet-Cymbidium elegans

ORSV-China-Phalaenopsis(2)
ORSV-Tibet-Vanda cnistata

ORSV-Tibet-Bulbophylium
ORSV-South Korea-Calanthe discolor

ORSV-India-Orchidaceae

75 (——— ORSV-Madagascar-Vanila planfoka

L ORSV-China-Phalaenopsis(3)

53 — ORSV-South Korea-Cymbidium goenngs
L ORSV-India-Cymbidium hookerianum

63 ——— ORSV-Brazi-Orchidaceae

L ORSV-Argentina-Chenopodium amaranticolor

67

ORSV-China-Cymbidium lancfokum

ORSV-China_Guangzhou-Cymbidium dayanum

% ——— ORSV-China_Tibet-Cleisostoma racemderum
L ORSV-China_Foshan-Cymbidium hybrid cultivar

ORSV-China-Cymbidium ensfolium

ORSV-South Korea-Cymbidum sp

ORSV-Germany-Barkena

ORSV-Indonesia-Dendrobium sp

ORSV-Indonesia-Geodorum sp

ORSV-China_Foshan-Cattleya sp

ORSV-Tawan-Phalaenopsis sp

ORSV-india-Phalaenopsis sp

$1 (——— ORSV-China-Cymbidium goeringi
L ORSV-Australia-Cymbidium sp

ORSV-China-Cymbidium faben

82

ORSV-Indonesia-Cymbidum sp

{ ORSV-South Korea-Epidendrum sp
ORSV-South Korea-Cattieya sp

|ORSV-Ukraine-Cymbidium hybridum |

ORSV-South Korea-Pyrus pyrifoka

Fig. 2. Phylogenetic analysis of Ukrainian ORSV isolates based on a nucleotide sequence of the coat protein gene.
The phylogenetic tree (50 % majority rule consensus tree) is constructed using the ML method
(Kimura two-parameter model, bootstrap 10000 replications)

The next step was related to the construction of a phylogenetic tree based on ORSV polymerase gene, the results of
which revealed the similarity of the Ukrainian isolate with the Mexican one (Fig. 4).

ISSN 1728-3817



BIONOrIA. 2(89)/2022

~21 ~

95 Kyuri green mottle mosaic virus-Japan-Cucumis sativus
_”E Zucchini green mottle mosaic virus-South Korea
Cucumber fruit mottle mosaic virus-Coccinia grandis

Cucumber green mottle mosaic virus-Germany-Cucumis sp.

Cucumber mottle virus-Japan

95

Clitoria yellow mottle virus-Austrtalia-Clitoria ternatea
Passion fruit mosaic virus-USA-Passiflora incarnata

99 — Hibiscus latent Fort Pierce virus-ltaly-Hibiscus

L — Hibiscus latent Singapore virus-Malaysia-Hibiscus rosa-sinensis
99 — Frangipani mosaic virus-Plumeria rubra

L —— Plumeria mosaic virus-Taiwan-Adenium obesum

Rattail cactus necrosis-associated virus-Mexico-Opuntia ficus-indica

Streptocarpus flower break virus-Sreptocarpus

_95|: Ribgrass mosaic virus-Australia
Turnip vein-clearing virus-Digitalis

_91: Wasabi mottle virus-Canada-Eutrema japonicum

Youcai mosaic virus-Taiwan-Crossandra infundibuliformis
99— Pepper mild mottle virus-USA-Capsicum

L Tropical soda apple mosaic virus-Mexico
ORSV-Ukraine-Cymbidium_sp.

—— ORSV-China-Phalaenopsis

ORSV-South_Korea-Cymbidium

—— ORSV-South_Korea-Phalaenopsis

94 —— ORSV-Germany-Barkeria

—— ORSV-Mexico-Orchidacea
—— ORSV-Australia-Cymbidium
ORSV-Taiwan-Phalaenopsis
ORSV-Taiwan-Cymbidium

Paprika mild mottle virus-Greece-Capsicum

Tobacco mild green mosaic virus-Italy-Nicotiana tabacum

Bell pepper mottle virus-Netherlands-Solanum melongena

90

Fig. 3. Phylogenetic analysis of Ukrainian ORSV isolates based on the nucleotide sequence of coat protein gene.

Rehmannia mosaic virus-Japan-Rehmannia glutinosa
Tomato mottle mosaic virus-Mauritius-Solanum lycopersicum

|_99‘: Tomato brown rugose fruit virus-China-Solanum lycopersicum

Tomato mosaic virus-France-Piperaceae

The tree is constructed using the ML method
(90 % majority-rule consensus tree, Kimura 2-parameter model, bootstrap 10000 replications)

65

ORSV-Mexico-Orchidacea
ORSV-Taiwan-Orchidacea

ORSV-Japan-Orchidacea

ORSV-Australia-Cymbidium sp.

ORSV-Japan-Cymbidium sp.

ORSV-China-Phalaenopsis sp.

{ ORSV-Germany-Barkeria sp.
ORSV-China-Dendrobium sp.

ORSV-South Korea-Phalaenopsis sp.

ORSV-China_Foshan-Phalaenopsis sp.

ORSV-Taiwan-Phalaenopsis sp.
66 —————|ORSV-Ukraine-Cymbidium hybridum|

B ORSV-Mexico-Orchidacea(2)

{ ORSV-USA-Cymbidium sp.
ORSV-China-Cymbidium sp.

ORSV-South Korea-Cymbidium sp.

Bottle gourd mottle virus-Taiwan-Lagenaria siceraria

Turnip vein-clearing virus-France-Dichondra repens

Fig. 4. Phylogenetic analysis of Ukrainian ORSV isolates based on the nucleotide sequence of the RdRp gene.
The tree is constructed using the ML method
(50 % majority rule consensus tree Kimura 2-parameter model, bootstrap 10000 replications)
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ORSV is a unique virus [16]. It is a recombinant; its rep-
licase genes are closest to those of from Brassicaceae-in-
fecting tobamoviruses, whereas its movement and coat pro-
tein genes are closest to those from Solanacea [17]. It's
known from previous studies that all existing ORSV isolates
share high homology with each other at nucleotide level [18,
19]. Besides this the nucleotide sequence of the ORSV cap-
sid protein is highly conserved [20]. Thus, in subsequent
studies the most variable virus sequences such as the
C-terminal region of the ORSV should be used as the most
informative markers for phylogenetic analysis.

In conclusion, it was determined that ORSYV isolates col-
lected from Cymbidium hybridum in Ukraine shared high ho-
mology at the nucleotide level with other known ORSV iso-
lates based on CP and RdRp genes/protein sequences.
ORSYV isolates showed similarity to the virus isolates from
South Korea. Since the plants from tropical orchids' collec-
tions in botanical gardens in Ukraine were originally im-
ported from eastern countries, we suggest that ORSV could
invade orchid collections with imported plant material with a
further spread in Ukraine.
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KuiBcbkui HauioHanbHUM yHiBepcuteT iMeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

EBONIOLIAHI B3BAEMOBIAHOCUHU YKPATHCBKOIO I30NATY BIPYCY
KINbLEBOI NMAMUCTOCTI OQOHTOIrNMOCCYMY

Bipyc kinbyeeoi nnsimucmocmi odonmoznoccymy (BKIO) € oOHuM i3 HaliHe6e3neyHiwux eipycie dekopamueHux opxideli. 3axeoproeaHHs, eu-
KNuKaHi yum 8ipycom, MoXXyms npu3zeecmu A0 3HUXeHHs1 gpeHomunosux eioMiHHocmel Konekyili opxidel i, K Hacnidok, — IXHL020 M0BHO20 8UCHa-
JKeHHS1. Y yili po6omi docnidxyeanocs Moxsuee noxo0xeHHs ykpaiHcbko20 i3onssmy BKI10, eudineHozo 3 pocnuH konekyii BomaHiyHo20 cady iMmeHi
O. B. domina Kuiecbko2o HayioHanbHoO20 yHieepcumemy imeHi Tapaca Lllee4eHka. [locnidxeHo enacmueocmi HykiieomuoOHux nocridoeHocmel
PHK-3anexHoi PHK-nonimepasu (RdRp) ma kancudxozo 6inka BKIMO. PHK BKIO eudinsanu 3 nucmkie Cymbidium hybridum, eidi6paHux i3 konekuii
BomaHiyHoz20 cady imeHi O. B. ®omiHa. [lani nocnidoeHocmi PHK eipycy 6ynu amnnicgikoeaHi 3a donomozoto RT-PCR ma cekeeHogaHi. OmpumaHi
nocnidoeHocmi nopieHroeanu Ha pieHi Hykneomudie i3 nocnidoeHocmsimu izonsimie BKI1O, docmynHumu e GenBank. Mpu npoeedeHHi ¢pinozeHe-
muyYyHo20 aHanisy 6yno susienieHo, wo docnidxysaHul i3onsm BKIO moxe mamu cninbHUl KOpiHb i3 KinbKkoma niedeHHOKopeliCbKUMU i30/1simamu.

Knroyoei cnoea: opxioHi, BKIO, 3T-I/1P, ghinozeHemuyHuli aHasi3.

ISSN 1728-3817



BIONOris. 2(89)/2022 ~ 23 ~

YOK 612.82/83
DOI 10.17721/1728.2748.2022.89.23-27
0. Noakoska', acn.,
M. Makapuyk', a-p 6ion. Hayk,
H. ®inimoHoBa?, KaHA. hi3.-maT. HayK,
I. Mamnyxa?, KaHA. TeXH. HayK,
M. HikichopoB?, kaHA. BiNCbK. HayK
'HHL, "IHcTUTYT Gionorii Ta megnUMHK",
2BiliCbKOBUIA iIHCTUTYT,
KniBcbkui HalioHanbHUM yHiBepcuTeT iMeHi Tapaca LLeB4eHka, KuiB, YkpaiHa

CTAH OCHOBHMUX NMCUXO®I3IONONYHUX ®YHKLIA Y BINCbKOBOCNY)XEOBL|IB
PI3BHOI O BIKY

HocnidxeHo noe'sizaHi 3 eikomM 3miHuU y 30ilicHeHHi npocmoi ceHcomomopHoi peakuii (TCMP), peakuii eu6opy (PB), npomec-
moeaHo hyHKUioHanbHy pyxnueicmb Hepeosux npouecie (PPHI) i npayezdamHicmb 2onoeHo20 mo3ky ([1FM), a makox eu3Ha-
yeHo iHOekc Hanpyau (IH) pecynsmopHux cucmem nid yac mecmyeaHHs. 47 30opogux 0obpoeonbyie, NpedcmagHuUKie Pi3HUX
gilicbkkosux npogpeciti, eikom 18-54 poku, ssikux 6ys0 nodineHo Ha mpu 2pynu (nepwa 2pyna — 18-23 poku, n=16; dpyza — 24—
34 poku, n=19; mpems — 35-54 poku, n=12), npoxodusnu mecmu Ha au3Ha4eHHsi ICMP, PB, ®PHI1 ma 1M Ha ocHogi asmopcbKoi
kommn'tomepHoi Mmemoduku. lMapanenbHo npoeoduescs 3anuc enekmpokapdioepamu (EKT). Xoya weudkicmb ICMP ma PB He 8i0-
pi3HsAnacs ons y4acHukie mpbox epyn, IH nid yac 3diticneHHsi [ICMP 6ye 3Hayyuwie suwull y mpemit 2pyni nopieHsHO 3 Nepuioro
(p<0,01), a nid 4ac 3dilicHeHHs1 PB lio2o pieeHb 6ye 3Hayyuwe euwjuli 0ns1 Apyaoi i mpemboi 2pyn nopieHsiHO 3 nepwoto (p<0,01).
INoka3Huk ®PHI1 6ye 3navyywie 6inbwull y mpemit 2pyni nopieHsiHo 3 nepwoto (p<0,05), a [NFM mana Halieuw,i 3Ha4eHHs1 Onsi dpyaoi
2pynu nopieHsiHO 3 nepwoto (p<0,01). IH npu eukoHaHHi mecmy Ha au3Ha4eHHs1 [IFM He eidpi3Hsiecs y mpbox 2pynax, a nio 4yac
npoxodxeHHs1 mecmy Ha ®PHI1 mae 3Hauyywe euwuli pieeHb Osist mpemboi 2pynu nopieHsiHo 3 nepwoto (p<0,01). EgpekmueHicmb
BUKOHaHHs1 npocmux 3aedaHb ([ICMP ma PB) He 3miHIo8anacsi 3 8ikoMm, ane sikicmb ix UKOHaHHS1 3abe3neyyeanacsi 3a paxyHoK
36inbweHHs IH pe2ynsamopHux cucmem, mo6mo 36inbweHHs1 cuMnamuyHo20 moHycy. 3HayeHHs1 ®PHI1 € noka3Hukom, sikuli 6i-
NbWwe 3ajiexxums 8id iHOueidyanbHuUx ocobnueocmel LUHC, Hix 8id eiky. Halisuwuii pieeHb ®PHI1 cnocmepizaecs e oci6é cmapuwoi
eiKoeoi 2pynu, siki mako) manu nideuweHuli pieeHb IH pe2ynsmopHux cucmem, wjo Moxe 6ymu rnoe's3aHe 3 8UCOKOI aKMUEGHi-
cmio Kipkosux HelipoOHi8, ujo croHykae inmeHcugikayiro memabosniyHUX npouyecie ma 3MiHU pieHs1 sezemamueHo20 3abesne-
4eHHs. Huxyul pieeHb 8iOHOCHOI Kinnbkocmi momuniok, mobmo Haueuuwut pieeHb 1M, 6yno susienieHo 8 cepedHili gikosill 2pyni.
lpu ybomy He 6yno susieneHo siomiHHocmel 8 IH pecynsmopHux cucmem Mix gilicbkogocyx608UsiMu pi3HUX 8iKoguUX 2pyI.

Knroyoei cnoea: npocma ceHcoMomopHa peakuisi, peakuyisi aubopy, (hyHKUioHanbHa pyxsueicmb Hepeoasux npouyecie, npaye-

30amHicmb 20/106HO20 MO3KY, iIHOEKC Hanpyau pe2ynsimopHUX CUCMEM, 8iKO8i 3MiHU.

Betyn. 3aranbHOBIAOMO, WO CTapiHHA CYNpPOBOAXY-
€TbCH 3MiHaMK Y LWBMAKOCTI Ta/abo pexunmi 06pobrneHHs iH-
dopmauii B Mo3ky [6]. Xoya paHiwe BBaxanocs, Lo cTa-
PiHHA Ginblue BMnMBae Ha BULLi KOTHITUBHI NPOLIECU, HiX Ha
HWXKYi (CEHCOPHI Ta MOTOPHI), Hapasi iCHyOTb AOKa3n TOro,
LLIO B3aEMO3ANEXHICTb MK BULLMMWN KOTHITUBHMMM Ta HUX-
YMMU CEHCOPHUMWU/CEHCOMOTOPHUMU NpoLecaMy CTae Cu-
NbHiwoto 3 BikoM [9]. LLloao BHECKY HMXYNX CEHCOMOTOPHUX
npouecis B YNOBiNbHEHHs1 NOBEAiHKU B NiTHIX Nogen, none-
penHi gocnigKeHHs 3a40KyMeHTYBanu 3HWKeHHs godami-
HepriyHoi cMcTeMM HerpomegiaTopiB y CTapillomMy MO3KY
MNOANHW i, KOHKPEeTHiWwe, BTpaTy AodaMiHOBMX peLenTopiB y
CMyracTtomy Tini Ta nosacTpianbHUX ginsiHkax [8], wo nos'a-
3aHO 3 OCHOBHUMU MOPYLUEHHAMM PYXOBUX OYHKUiNA. Byno
NPOAEMOHCTPOBAHO, O iHTpPaKopTUKanbHe rarnbMyBaHHS
Ta dacuniTauis NepBUHHUX PYXOBUX OiNSIHOK 3MEHLUYIOTHCA
y ntogen noxunoro Biky [5]. Taki BACHOBKM cBig4aTb Npo Te,
L0 Hacamnepen CeHCOMOTOPHI yHKLIi 3MiHIOIOTbCS B NiT-
HbOMY BiLli, i Lji 3MiHX MOXYTb BMAMBaTV Ha NPOAYKTUBHICTb
HaBiTb B YMOBaXx NPOCTOro 3aBAaHHs.

ICHYIOTb AaHi, WO CTapiHHA CynpoOBOAXYETLCH (PYHKLO-
HanbHOW AM3perynsuielo 30yannBOCTi MOTOPHOI KOpW nig,
Yac CEHCOMOTOPHOro 0OpobneHHsi, Mpuyomy Len aedekT
cTae Bce Oinbll 0o4eBUAOHUM i3 OiNbLUOK CKNagHicTio 3a-
BAaHHA [5]. Hanpuknag, aBTopy LbOro AOCHIOKEHHS BU-
SIBUMNWN 3Ha4YHEe YNOBINbHEHHS!, NoB'A3aHe 3i CTapiHHAM (ce-
peaHin Bik rpynu 58,3), ane nuwie npy BUKOHaHHI 3aBOaHHS
Ha peakuito Bubopy [5].

[nsa Bu3Ha4yeHHSA (OYHKLIOHaNbHOro CTaHy LieHTpanb-
Hoi HepBoBOi cuctemu (LUHC) 6ynu BUMipsHi naTeHTHI ne-
piogun (JIM) npocToi ceHCOMOTOPHOI peakLii Ta peakuii Bu-
6opy 3a Tectamu NMCMP Ta PB, wBMakicTb yHKLUioHanb-
HOT pyXnMBOCTi HEpPBOBMX NpoLECiB Ta BiAHOCHA KiNbKiCTb
nomunok 3a Tectamu ®PHIM ta MIMM. Mu obpanu ui nokas-
HUWKW, OCKINbKN BOHW 403BONSATb POOUTU BUCHOBKM LLIOAO

CUNKN HEPBOBOT cUCTEMU, 1T PYHKLiIOHANbHOMO PiBHS, PiBHA
YHKLIOHaNbHUX MOXINUBOCTEN, LUBMOKOCTI NPOCTOI CeH-
COMOTOPHOI peakuii, WBNAKOCTI peakuii Bubopy, dyHKuio-
HanbHOI PyXNMBOCTi HEPBOBUX NPOLIECIB Ta Npaue3gaTHo-
CTi ronoBHoOro mMo3ky [17, 29].

B OCHOBI pi3HOMaHITHMX METOAMK BU3HAYEHHS KoedoilieHTa
CUnNn HepBOBOI cuctemn [12, 23, 24, 25] nexnTb BUMIpIO-
BaHHs BENUYMHU naTeHTHoro nepioay (111M) ceHcomoTopHUX
peakuii npy Garatopa3oBOMYy MOBTOPEHHI MOAPA3HUKIB,
OCKiNMbKM LUBUAKICTb LUMX peakuin (3a OAHaKOBOCTI iHLUMX
ymoB) € mipoto 36yanmsocti LIHC. Kpim uporo, Tpmsanictb
JIN € BaxnuBMM napameTpoMm, SIKMN CBIAYUTBL MPO PiBEHb
Ncnxodi3nyHOi rOTOBHOCTI [0 BWKOHaHHS MOTOPHUX 3a-
BaaHb y3arani [3]. MCMP y HopmanbHUXx ymoBax € BiqHOCHO
CTanunm NnokasHWKoM, TOMY AOro 3MiHWM MOXYTb OyTu BUKOPU-
CTaHi ANs KOHTPO0, NPOrHO3YBaHHS Ta KOPEryBaHHS MEH-
TanbHOro cTaHy nioaunHu [7].

Mpun pocnimkeHHi poboTn onepaTopie Oyno BCTaHOB-
NEHO, WO Npy NPURHATTI PiLLEHHS BUpIlLanbHy pornb Bigir-
paloTb LWBUAKICHI XapakTepUCTUKKN NpoLeciB 06po6neHHs iH-
dopmadii ntoguHoto [14, 20]. Came WwWBMAKICTb 06p0oOIEHHA
€ O[HIEI0 3 FOMOBHUX CKMNAafoBMX Y cuTyauii Bubopy 3 Benu-
KOi KiNbKOCTi anbTepHaTUBHUX CTUMYNIiB. BBaxanocs, Lo
yac peakuii BUOOpY 3aKOHOMIpHO 36inbLuyeTbcs 3i 36inb-
LLIEHHAM KinbKOCTi anbTepHaTuBHMX cTuMynis. OgHakK yxe y
Knacu4HuX focnigkeHHsX 6yno nokasaHo, WO TPeHYBaHHS
abo XuTTEBa NpakTUKa CNpusoTb TOMY, WO Yac peakuii
npu 6aratoanbTepHaTMBHOMY BMOOPI MOCTYNOBO 3MEHLLY-
€TbCA | CTae Mamxe MOCTINHUM i NepecTae 3anexaTu Big
KiNbKOCTI anbTepHaTUBHUX CUTYaUin, AKi 3aCTOCOBYIOTbLCA
B ToMy abo iHWwomy gocnigi. BctaHoBRNeHo Takox, Lo ni-
Cnsi TpMBarnoro TpeHyBaHHSA Yac Takoi peakuii npubnuaHo
[OPIBHIOE Yacy peakuii Npy 3acTOCyBaHHI nuvLle ABOX anb-
TepHaTUBHUX CTUMYHIB (Yacy AU3'IOHKTMBHOI peakuii) [16].
Ha ocHOBI LbOro MoXHa CTBEPIKYBaTH, L0 camMe OU3'tOHK-
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TMBHa peakuis € 6a30BOI0 XapaKTepUCTUKOI peakLii Bu-
6opy. [1na BM3HAYEHHS L€l XxapakTepuctnkm 6yB BUKOpUC-
TaHWI TecCT Ha peakLito Bnbopy (PB).

OfHi€lo i3 TUMOMOriYHUX AKOCTEN 0coBUCTOCTI, Lo Xa-
pakTepuaye npouecu ranbMyBaHHs Ta 36yaxeHHsa y LIHC,
€ piBeHb (PYHKLIOHANbHOI PYXJIMBOCTI HEPBOBMX MpoLie-
cie (PPHTIT). Big cTyneHs noro po3BuTky 3Ha4HOK Mipoto 3a-
nexarb iHAMBIQyanbHi BiOMiHHOCTI pyHKUiN yBaru, nam'ati,
MucneHHs. Lli nokasHukm marwTb ocobnmBe 3HaAYEHHs Y
npoueci 0cCobNCTICHO-OPIEHTOBAHOrO Ta NPOdINbHOro HaB-
yaHHs [30]. Hanpuknag, geski gocnigXeHHs nokasanu, Wwo
YYHSAM i3 BMCOKUMW TMOKa3HWKaMW PYXIIMBOCTI HEPBOBKX
npouecis BfacTMBi BULL PiBHI PO3BUTKY MUCIIEHHS Ta npa-
uesgaTHOCTI ronosHoro mosky (MM), a Takox Ginbw Bu-
coKa YCniLHICTb Y HaB4aHHi [11, 18].

Cepep MeTOOUK BU3HAYEHHS (PYHKLiOHaNbHOT pyXnnMBo-
cTi HepsoBux npouecis (PPHI) wupokoi nonynapHocTi Ha-
6yB meTog A. E. XinbyeHka [29]. Ha 6a3i uiei meToanku pa-
Hilwe Hamu 6yB po3pobrneHuni aBTOPCbKUIA TECT, KU MU
BUKOpUCTanNu y NponoHoBamy AOCrigKeHHi [2]. YeTBepTun
NoKasHWK, KU MU BU3Ha4anu, — Lue npauesgartHicTb romno-
BHOTO MO3Ky. [lpauesgaTHiCTb rOMOBHOrO MO3Ky 3a
A. €. Xinb4eHKO BU3HA4YaeTbCsl 3@ MOKa3HUKaMu KinbKOCTi
NMOMWIKOBUX peakLiii LUNSIXOM peecTpaulii peakuin o6cTexy-
BaHOro Ha Mpea'siBNeHHst YMOBHUX MOAPA3HUKIB Yy LIBUA-
KOMY TeMni NPOTArom Kinbkox xsunuH [2, 10]. Llen TecT Ta-
KOX JOMOBHIOE NepLUnni, ockinbku 3a l. M. NaBnosum kpute-
piem cunu HepBoBoi cuctemu € MMM, sika BUpaxaetbcs y
30i6HOCTI BUTpMMYBaTU TpuBarne Ta KOHLUEHTpoBaHe 30y-
OXeHHs, abo filo CNbHOro NoapasHukKa, He Nepexoasyn y
CTaH 3anoporoBoro ranbMyBaHHsA [19, 28].

Bigomo, Lo TnonorivyHi BNacTMBOCTi HEPBOBKX MpoLe-
ciB BNNMBalThb Ha disionorivyHi dyHKUil opraHiamy (Hanp.
Ha e(peKTMBHICTb aganTauiHNX peakLii CUCTEMM KPOBOO-
6iry) [10], a TakoX AuHaMiKy MCUXiYHMX npoueciB [27].
Byab-skun BuA AiSsNbHOCTI BUMarae BMCOKMX LUBUMAKICHUX
NoKasHMKiB, Lo BigobpaxalnTbCcsa B peakuii, LUBUAKOCTI Mu-
CNeHHs ToLLo. Y CBO 4epry, onTuUMisauis BuLiesragaHmx
yHKLUiN 3abe3nevyeTbCcs NocuneHHssM MeTaboniamy Kip-
KOBUX HENPOHIB. [JMHaMIYHO Lie peani3yeTbCs LUMSXOM aK-
TUBHUX aHMOTOHIYHUX 3MiH, LLO PO3BMBAOTLCSH Y MEXax Bi-
ONOBIOHUX HEMPOHHMX MoAayniB [21].

[na BMBYEHHS PiBHS aKTUBHOCTI MeXaHi3MmiB BeretaTus-
HOi perynsuii cepueBO-CyAMHHOI CUCTEMWU napanensHo 3
NPOXOXKEHHSAM TEeCTiB Ha BM3HAYEHHA (PYHKLiOHANbHOro
crany LUHC mu giarHocTtyBanu ingekc Hanpyru (IH) peryns-
TOpHUX cuctem [22]. IH Ak noxigHUM nokasHuK pUTMy cepus
BpaxoBye CNiBBiOHOLEHHS MK MOro OCHOBHUMM MOKa3HU-
Kamu i Bigobpaxae CTyniHb LieHTpanisadii npouecie 1oro
perynioBaHHsi. [Mpy 36iMblUEHHI CMMNATUYHOrO TOHYCY
MOAa 3a3BuYan 3MEHLUYETLCS, WO 3yMOBIHOE 30inbLUeHHSs
iHoekcy Hanpyru. [locuneHHs X napacMMnaTUyHOro TO-
HYCY, HaBMNaku, CNPUYNHSIE 36iNbLLIEHHS MOAM | BMEHLLEHHS
iHaekcy Hanpyru [13]. Byab-gka cTiika aganTauis 4o yMoB
HaBYaHHA Ta NpodecinHOl AiIANLHOCTI Mae Ans opraHiamy
CBOO "UiHY", fika MOXe BUSBNATUCA Y MPSIMOMY 3HOLLY-
BaHHi (OYHKLIOHANbHMX CUCTEM, Ha SKi y npoueci aganTauii
npunagae Hawbinbwe HaBaHTaxeHHA [16]. Tomy npwu
npocBiabopi BaXxXnMBO BpaxoBYBaTU He TiMbKW SIKICTb BU-
KOHaHHSs1 3aBaHHs, ane W KinbkicTb 3ycunb, To6To "UiHy",
AKy opraHiam 3a ue cnnadye [16]. EdpekTusHicTb npodecin-
HOT OiSNbHOCTI € CMiBBIAHOLIEHHSIM KOPUCHOIO pesynbTaty
Ta BUTpadeHux aganTuBHUX pecypcis [16].

MeToto npoBefeHoi Hamyn poboTu Oyno BUABMEHHS
BMNAMBY BiKY Ha NCMXOI3ioNoriyHi napameTpu nOguHKU, a
came NCMP, PB, ©PHI1, NI'M Tta IH perynsatopHux cuctem
nig, Yac BMKOHAHHSA MPOMOHOBAHUX TECTIB 3a4NA BBEAEHHSA
npoueaypu KOHTPOSIO 3a LWBUAKICTIO Ta ehEKTUBHICTIO LiMX

ISSN 1728-3817

peakuivi i BignoBigHICTIO A0 NPpOdeCiiHNX BUMOr Y NpeacTa-
BHUKIB BiICbKOBUX CMeLianbHOCTEN.

MeTtoau Ta matepianu. B obcTexeHHi B3sanu ydacTb
47 pobpoBonbLiB (3 HUX 9 XiHOK) Bikom 18-54 poku, 6e3
cKapr Ha 340poB'sl, — NPeACTaBHUKM Pi3HMX BIMCbKOBUX MNPO-
decint (MexaHiku, CTpinbLi, BOAii, onepaTtopu pagionokauin-
HOT CTaHLii, Cny>kO0oBLi 3€HITHO-PaKETHNX BICbK, 3B'A3KIBL,
NNaHLWEeTUCTN, NbOTYUKN Ta MNPU3OBHUKWU BiNCbKKOMATY),
siknx Byno nogineHo Ha Tpw BikoBi rpynu (neplua rpyna — 18—
23 poku, n=16 (3 H1x 3 xiHkK); apyra — 24—34 poku, n=19 (3
HUX 3 XiHKK); TpeTst — 35-54 pokn, Nn=12 (3 HMX 3 XiHKK)).

MCMP, PB, ®PHI1 ta MM 6ynu B13HayeHi 3a Jonomo-
roto crneujianisoBaHoi komn'toTepHoi nporpamu [29]. Ons pe-
ectpauii MCMP Ha ekpaHi komn'toTepa Oyna iHCTpyKUis, 3ri-
[OHO 3 9KOI 0D0CTeXyBaHMI MaB pearyBaTu Ha nNosiBy 306pa-
XeHHsa (kBagpaTta) skoMora LiBuAlle HaTUcKkaHHAM Oyab-
sKoi knasiwi. Micnsa uboro 3'aBnsnocs cnoso "Myck”, 2 ¢ Ha-
naeanucs ons dokycyBaHHs, nicnst yoro nepuwi 15 306pa-
XeHb (kBagpaTiB) Oynu HagaHi 4na agantauii i BUKIOYEHI 3
nogdanbLluoro aHanisy. Motim nocnigoBHo Oynu npen'sBneHi
we 100 306paxxeHb OCHOBHOI rpynu. Maysa mixx HUMmn 6yna
ob6paHa Bunaakoso 3 iHTepeany 500—600 mc, Tak Wwo HacTy-
MHWI CUrHaN OYiKyBaBCs, ane 3BUKaHHA OO0 PUTMY MOSBK
306paxeHb He BiabyBanocsi. 306paxeHHs 3HMKano nicnsi
HaTUCKaHHA Oyab-AKOi knasiwi, B iHWOMY BMNagKy WMoro
npea'saeneHHsa Tpusano 1500 mc. TouHicTb peecTpauii J1I1
MCMP craHoBuna 10 mc. LWBeuakicte MCMP  (Simple
Response Time, SRT, mc) po3paxoByBanu ik cepeaHe 3Ha-
yeHHs 100 peakuii 06cTexXyBaHOI rpynu.

Y apyromy TecTi "Peakuis Bubopy" o6CcTexyBaHOMY Ha ek-
paHi Komn'toTepa y BUNagKOBOMY MOPSAKY Mped'saBnsanucs
ABa TMNu CTUMyniB: kKBagpaTt abo TpuKyTHUK (Bcboro 300 cTu-
MyniB), Npy Npea'siBNeHHi Akux HeobxigHo Oyno pearyeatu
BignoBiaHO npaBoto abo niBoto pykow. Maysa Mix cTumy-
namm obupanack BMnNaakoBo 3 iHTepeany 500-600 mc ans
TOro, o6 HacTynHWn cTumyn ByB O4YiKyBaHMM, ane He npo-
rHO30BaHMM. Y TeCTi peecTpyBaBCsi Yac MOTOPHOI BiAMOBIAi
Ha NpaBuIbHO iAeHTUdIKOBaHe 306paxeHHs, TO6TO Npu no-
MUIKOBIV peakLuii HaCTynHUIM CTUMYN He npea'saBnsiscd. Ta-
KOX peecTpyBaBCs Yac CEHCOMOTOPHOI BiANOBIAi peakuii Bu-
6opy npasoto (PBI1) Ta niBoto pykoto (PBJT), po3paxoBysa-
BCs1 cepefHin yac peakuii Bubopy — PB = (PBI1 + PBJ1)/2.

Y TpeTboMy TecTi "TecT Ha BM3HAYeHHS (PyHKUiOHasb-
HOI pyxnuBocTi HepsoBux npouecis" (PPHIT) Ha MoHiTOpI
KoMmn'toTepa 06CTeXXyBaHOMY Npea'sBnanv y BMNagKoBIn
nocnigoBHOCTI Tpy BMAM 306paxeHb — Koo, kBaaparT i Tpu-
KyTHUK. [pn nosiBi kBagpaTa Ha ekpaHi noTpibHo Byno siko-
Mora LUBMALLIE HAaTUCHYTU KnaBiwy "/", TPUKyTHUKa — "z" y
naTUHCbKOMY pericTpi, kona — HiYoro He HaTuckaTw. MNoa-
pasHuKK NoYMHanu nogasaTtuch 3 iHTepsanom 500 mc. Ko-
KHa npaBunbHa peakuis 3MeHLWyBana 4yac npeg'siBneHHs
306paxeHHsa Ha 10 mc, a nomunkosa — 36inbLwysana. lNe-
pwi 30 noapasHuKiB AaBanv Ha aganTadito, peakuis Ha HUX
BMMvBana Ha TeMmn npea'siBNeHHs CTUMYniB, ane BMnpo-
goBx umux 30 peakuin He po3paxoByBanach KinbKiCTb Mo-
mMunok. Mporpamy 3ynuHANW, KOMW KiNbKiCTb MOMWUIOK B
ocTtaHHix 10 peakuisgx gocsarana 50 %. 3HayeHHs [
ocTaHHix 10 peakuin Bigkmganuck, a nokasHuk ®PHI Bu-
3Ha4vaBCH Sk cepefHe 3HavyeHHs nepegoctanHix 10 JIIN me-
TOAOM KOB3HOrMO (PyXOMOro) cepefHboro.

Y yeTBepToMmy TecTi "TecT Ha BU3Ha4YeHHs npauesgat-
HocTi ronosHoro mo3ky" (NMFM) obcTexyBaHoMy npen'siB-
nann 200 TMX caMmx CTUMYNIB, WO i B nonepeaHboMy
TecTi, ane B TeMni, Akui 6yB iHOMBIQYanbHO BU3HAYEHUI
Ha ocHoBi ®PHTI1. Lle TecT nounHascsa 6e3nocepeHbO Mi-
CNs NPOXOMKEHHS NoNepeaHbOoro, OCKINbKN 3HanaeHe 3Ha-
yeHHs ®PHI 3agae Temn npea'aBneHHsA nogpasHukis. Mpu
LbOMY peecTpyBanach TiflbKM KifbKiCTb nomMunok. Nokas-
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Huk MM obumcnioBaBcs SIK BiQHOCHA KiNbKiCTb NOMUMOK
ansa 1-200 ctumynis.

MMig yac BuMKkoHaHHs TecTiB npoBoauscs 3anuc EKT. [na
peecTpauii Ta aHanisy EKI 6yB BMKOpWUCTaHWUIA KOMMMEKC
"Moni-CnekTp". CTaTUCTUYHMI aHani3 3dificHoBanu 3a ao-
nomMorot nakeTy nporpam Statistica 8.0 ("StatSoft", USA).
KpUTUYHMM piBHEM 3HAYYLLOCTI NPU TECTYBaHHI CTaTUCTUNY-
Hux rinote3 Beaxanu 0,05. Ockinbkn posnoain MCMP, PB,
®PHI, MM Ta IH 3a kputepiem LWanipo — Binka Bigpi3Hs-
BCS Bif, HopmanbHoro (p<0,05), To ANS OUiHIOBaHHS LieHTpa-
NbHOI TeHAeHLji BukopucToByBanu megiany (Me), a poskvay —
MiXKKBapTUNbHUIA po3max [25, 75 %)]. Mopanbwuin aHania
BigMiHHOCTEeW 3aiicHIoBanu 3a gonomoroto kputepiis Kpyc-
kana — Bonnica Ta MaHHa — BiTHi.

Pe3ynbTatu Ta ix o6roBopeHHs. MNopiBHANLHMI aHani3
JIN NMCMP Ta PB y Tpbox rpynax 3a kputepiem Kpyckana —
Bonnica He BusBMB 3Ha4yLux BigmiHHocTen (Kruskal-Wallis
test: H(2,N=59)=0,888; p=0,64 Ta H(2,N=59)=1,098;
p=0,58, BignoeigHo). BogHouyac nopiBHSAMbHUIA aHani3 3a
Kputepiem MaHHa — BiTHi BuasmB, wo IH npu 3giicHeHHI
MCMP 6yB 3Ha4yLLO BULLMIA Y TPETIN FPyni NOPIBHSAHO 3 Nep-
woto (p<0,01) (puc. 1a). Mixx nepLuoto i gpyroto Ta Apyrowo i
TPeTbOl rpynamu BigMIHHOCTEN BUsIBNEHO He 6yno
(p=0,058 i p=0,053, BignosigHo) (puc. 1a). Tomy moxHa
NpUNYCTUTK, WO MIATPUMAaHHS SIKOCTI BUKOHAHHSI 3aBAaHHSI
Ha HaneXHoMy piBHi y4acHMKaMu TpeTboi rpynu 3abeanedy-
Barnocb 3a paxyHok 30inblueHHsi IH perynatopHux cuctem,
TOOTO 36inblUEHHA cuMnaTuyHoro ToHycy [13]. Paniwe
Hamu Oyrno nokasaHo, Wo, Xo4a BigMIHHOCTEW Y LUBUOKOCTI
MCMP y Tpbox BikoBMX rpynax (18-23, 24-35 ta 36—
54 pokun) He cnocTepiranock, ane Hepomepexi, ski 3abes-
neyyBan BUKOHaHHS LbOro 3aBAaHHs, 3HAYHO Bigpi3Hs-
nncek Mk coboto [26]. Tak, y TpeTin rpyni nig 4ac 3ginc-
HeHHA TICMP KorepeHTHiCTb y TeTa-giana3oHi Mix npe-
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(OPOHTaNBLHOIO 30HOK Ta MNOCTLEHTPanbHOK 3BUBUHOKD
Oyna HanbinbLL BUpaXXeHO NOPIBHAHO 3 MEPLLOK Ta Apy-
roto rpynamu, Lo Moxe CBiguuTu npo 36inbLieHHs poni Bi-
3yanbHOI CenekTUBHOI yBarn 3 BiKOM, a TakoX npukna-
[aHHA Binblwnx 3ycunb Ta KOHUeEHTpauii yBarm ans BUKO-
HaHHS 3aBAaHHSA, OCKINbKW BiAOMO, WO 30inblIeHHs TeTa-
aKTMBHOCTI KOpentoe 3i CKNagHiCTIoO 3aBAaHHS| i eMOUiHUM
dakTopom [4]. Takum YMHOM, pe3ynbTaTh Haloi poboTn
NiATBEPOKYIOTb NonepeaHe NPUNYyLLEHHS.

Min vac 3giicHeHHs PB IH 6yB 3Hauylle Hux4uin gns
nepLuoi rpynu NopiBHAHO i3 Apyroto Ta TpeTtbowo (p<0,01)
(puc. 16). Mix gpyroto i TpeTboto rpynamm BigMiHHOCTEN BU-
siBneHo He 6yno (p=0,7) (puc. 16). OTxe, MOXHa npunyc-
TUTW, WO NiIABULLEHHS CKNaAHOCTI 3aBAaHHS He BMIMHYIO
Ha SAKICTb MOro BUKOHaHHS TpbOMa BiKOBMMM rpynamu, ane
CMMNAaTUYHNIA TOHYC 3pOCTaB Y NPeACTaBHUKIB ApYroi i Tpe-
TbOI rpyn, TOGTO NoYMHau i3 24 pokis.

Mig yac gocnigXeHHsA BNNMBY BiKYy Ha 34iNCHEHHS YOTK-
pboxkomnoHeHTHOI PB Kovel 3i cniBaBTopamu nokasanwu,
Lo noB'dA3aHe 3i CTapiHHSAM cnoBiflbHeHHA PB cnoctepira-
€TbCA SK ONS aydianbHUX, Tak i Anga BidyanbHUX CTUMYIIB,
NpUYoOMy NpUYMHa MOMsArae He y 3aTpumaHHi 06pobneHHs
cTumyny i BUbopy BiANoBiAi, a y NOAOBXeHIN reHepauii LeH-
TpanbHOI peakuii, TO6TO y MiX- Ta BHYTPILLUHbOMIBKYbHMX
B3aEMOZisIX, L0 BMMMBaKOTbL Ha aKTUBALilO CEHCOPHUX Ta
MOTOPHUX AiNSHOK kopu [5]. I3 ubOro BUNNMBaE BMCHOBOK,
L0 caMe CKnagHiCTb 3aBAaHHS, a He BiAMIHHOCTI B MOOEenNsixX
akTuBaLlji, Wwo 3abe3nevytoTb cneumdiyHe 06pobneHHst cTu-
Myrly, 3yMOBJIIOE YMOBINbHEHHS peakuii 3i cTapiHHaAM [5].
IHWe [OOCNigKEeHHS BUSABUIIO, WO CMOBINbHEHHS 06pPOO-
NeHHs iHdopmauii Ta 3HWKEeHHS TOYHOCTI BMKOHAHHA 3a-
BAaHb Bynu onocepeaKkoBaHi 3HWKEHHAM OnepaTMBHOI na-
M'ATi, ane He 3HWXEHHSIM CEeHCOMOTOPHOI LwBuAKocTi [1].
Moxnneolo npuynHO nofaibHMX BiAMIHHOCTEN € BUKOPUC-
TaHHS Npw giarHoctuui PB pi3Hnx meToauk.
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Puc. 1. IHgekc Hanpyru perynsaTopHUX cUcTeM Npu 34iNCHeHHi NPOCTOI CEHCOMOTOPHOI peakuii (a) Ta peakuii Bu6opy (6)
B 00CTeXXyBaHUX Pi3HUX BiKOBUX rpyn

HaTomicTb y TpeTboMy TecTi Ha BusHaveHHa ®PHIT 1T
y TpeTii rpyni OyB 3HauyLLe HKYMIA, HXX y nepuwin (p<0,05)
(puc. 2a), a Mix NepLUOoto | APYroto Ta APYroko | TPETLO rpy-
namu 3Hadvylumx BiaMiHHOCTEN BusiBneHo He Byno (p=0,13
Ta p=0,17, BignoBsigHo). Y TecTi Ha Bu3HayeHHs MM BigHo-
CHa KiNbKiCTb MOMMITOK Oyra 3Hauylle MEHLUOW Y ApYrin
rpyni, Hix y nepuwin (p<0,01) (puc. 26), i He Bigpi3HANacs
Ans nepLuoi i TpeTboi Ta Apyroi i TpeTboil rpyn (p=0,39 Ta
p=0,52, BignosigHo). LlikaBo, L0 HaMeHLUY KifbKiCTb MOMU-
nok y Tecti Ha "M gonyckana came gpyra rpyna, a poskug
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3HayeHb MO LbOMY MOKa3HUKY OyB Hambinblumm y TpeTin
rpyni (puc. 206). Omke, MOXHa MPUNYCTUTK, WO 3 BiKOM
OPHIT nuwaetbca Ha HanexHoMy piBHi. Y nepuin rpyni
OPHIT i kKinbKicTb NOMUNOK NPY NPOXOAKeHHi TecTy Ha MM
Oynun Hanbinbwmmm (puc. 2a, 6). OTpumaHi pesynbtaTv Mo-
XyTb OyTU MOB'sI3aHi 3 TUM, LLO BIiICBLKOBOCYXOO0BUi Apyroi
i TPETbOI BiKOBUX rpyn MPOWLLNM NpUpoaHuiA Bigbip ynpo-
[OBX NPOXOMKEHHS Cry>06Wm, a Ti 3 HUX, XTO MaB He4OCTaTHI
pisHi ®PHI1 ta MM, sigcisnucs.
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Puc. 2. ®yHKUioHanbHa pyxnuBiCTb HEPBOBMX NpoLeciB (a) Ta Npawue3faTHiCTb rONOBHOro Mo3Ky (6)
B 06CTEXYyBaHUX Pi3HMX BiKOBUX rpyn

IH npu BMKOHaHHI TecTy Ha BU3HadYeHHst PHIT 6yB 3Ha-
yylwle BULWMIW AN TPeTbOi rpynu MOPIBHAHO 3 NepLUoto
(p<0,01) Ta He BiApi3HABCS ANA NepLUoi | Apyroi Ta Apyroi i
Tpetboi rpyn (p=0,16 i p=0,9, BignosigHo) (pwuc. 3a). Lle
CniBBiAHOCMTBLCS 3 AAaHMMM IHLIOro OOCHIIKEHHS!, ke CBia-
YNTb, IO HaWBWLLi NOKA3HNKN KPOBOHAMNOBHEHHS CYAVH Pi3-
HOro kaniépy 3a3HadeHi B nitofgen 3 BUCOKUM piBHeM PPHIT.
MigcTaBoto Ans Uupboro cnyxatb HMXYi 3HaveHHs J1I peakuit,
o, iMOBipHO, MOB'A3aHO 3 Gifbll BWCOKOK aKTUBHICTIO
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KipDKOBUX HEMPOHIB, siKi BXOAATb 40 OMoKy perynsuii Ta KoH-
TPOsto 3a 3AiNCHEHHAM AOBINbHUX PYXOBMX peakuin Ha 30-
pPOBMIN CTUMYI. Y CBOI Yepry, BUCOKA aKTUBHICTb KipKOBMX
HEeNPOHIB CMOHyKae iHTeHcudikalilo MeTaboniyHux npoue-
CiB Ta 3MiHW piBHA BereTaTMBHOro 3abeaneveHHs [21].

MMig Yac BMKOHaHHA TecTy Ha BM3HadeHHs MM Higkux
3HavyLwmx BigmiHHOCTen [H Mixk nepLuoto i Apyroto, nepLuoto
i TPETBLOIO Ta APYroKo | TPETLOK rpynaMm BUSBNEHo He Byrno
(p=0,09, p=0,19, p=0,75, BignoeigHo) (puc. 36).
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Puc. 3. IHgekc Hanpyru perynsTopHUX CUCTEM NPU BU3HA4Y€eHHi (pyHKLiOHaNbLHOI pyXfMBOCTi HEPBOBMX NpoLeciB (a)
Ta npaue3fgaTHOCTi FONOBHOro Mo3Ky (6) B 06cTexxyBaHUX Pi3HUX BiKOBUX rpyn

PaHiwe 6yno nokasaHo, wo MM € onTumanbHo Ans
iHOMBIAIB 3 HN3bKMM |H y cTaHi cnokoo Ta NiABMLLEHO Npuy
BMKOHaHHI 3aBaaHHsA [15]. Tomy Hapani ansa 6inbl TOYHOI
XapakTepucTuku BikoBux 3miH MMM Ta edeKkTUBHOCTI BUKO-
HaHHSA 3aBOAHHS HEOOXIOHO 3AINCHUTY MOPIBHANBHUIA aHa-
ni3 IH y cTtaHi cnokoto Ta nig Yac BUKOHAHHA 3aBOaHHS.

BucHoBKW. E(heKTUBHICTb BUKOHAHHSA NPOCTMX 3aBAaHb
(MCMP Ta PB) He 3MiHIOETECA 3 BiKOM, ane MiaTpYMaHHs
SIKOCTi X BMKOHAHHA 3abe3nevyeTbcsi 3a paxyHoK 36inb-
WweHHs IH perynsaTopHux cuctem, To6T0 36inbLUEHHS cuMna-
TUYHOrO TOHycy. 3HaveHHs @PPHI1 € nokasHukom, SKun
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GinbLue 3anexuTb Big iHAMBIayanbHMX ocobnmeocTen LIHC,
Hixx Big Biky. HanBuwmii piseHb ®PHIT cnocTtepirascs B ocib
CTapLloi BIKOBOI rpynu, siki TakoXX Manu nigBuLLEHNA piBEHb
IH perynatopHux cuctem, Lo mMoxe 6yTu noB'a3aHe 3 BUCO-
KOK aKTMBHICTIO KipKOBUX HEMPOHIB, LLO CMOHYKAE iHTEHCU-
dikauito MmeTaboniyHMx npoueciB i 3MiHM piBHS BeretTaTune-
Horo 3abeaneyeHHs1. Hmxkuuin piBeHb BigHOCHOI KiNbKOCTi Mo-
MUIOK, TO6TO HanBuLLMi piBeHb MM, 6yno BUsBReHoO B ce-
peaHin Bikogil rpyni. Mpu ubomy He Byno BUSBNEHO BiAMIH-
HocTew B |H perynsitopHux cuctem Mix BilicbKOBOCTYXO0B-
LAMM Pi3HMX BIKOBMX rpyn.
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STATE OF THE MAIN PSYCHOPHYSIOLOGICAL FUNCTIONS IN MILITARY SERVANTS
OF DIFFERENT AGE GROUPS

To discover age-related changes in the simple sensorimotor reaction (SSMR), choice reaction (CR), functional mobility of nervous processes (FMNP)
and brain productivity (BP), as well as to determine the stress index (Sl) of regulatory systems during performance of these tests. Forty-seven healthy
volunteers, representatives of military professions, aged 18-54 were divided into three groups (first group — 18-23 years, n=16; second group — 24—
34 years, n=19; third group — 35-54 years, n=12) and performed original computer tests to determine SSMR, CR, FMNP and BP. An electrocardiogram
(ECG) was recorded in parallel. Although the rate of SSMR and CR did not differ for participants of three groups, the Sl was significantly higher in the third
group, compared with the first group (p<0.01) during SSMR. During CR performance it was significantly higher for the third and second groups compared
with the first one (p<0.01). The FMNP index was significantly higher in the third group compared to the first one (p<0.05), and BP had the highest values
for the second group compared to the first one (p<0.01). During performance of BP test, the Sl did not differ in three groups, and during the test for FMINP
it was significantly higher in the third group compared to the first one (p<0.01). The effectiveness of simple tasks (SSMR and CR) does not change with
age, but their level is maintained due to increase of the Sl of regulatory systems, i.e. increasing sympathetic tone. The FMNP value mainly depends on the
individual CNS characteristics than on age. The highest level of FMNP was in the elderly. They also had elevated levels of the Sl of regulatory systems.
The reason of this could be associated with the high activity of cortical neurons, which leads to intensification of metabolic processes and changes in the
level of autonomic supply. The lowest level of relative error, i.e. the highest level of BP was found in the middle age group. At the same time, no differences
were found in the Sl of regulatory systems between servicemen of different age groups during BP test performance.

Keywords: simple sensorimotor reaction, choice reaction, functional mobility of nervous processes, brain productivity, stress index of regulatory
systems, age-related changes.
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ANTIHERPETIC ACTION OF CERIUM SALTS /N VITRO

Compounds based on cerium are highly promising objects in biotechnology regarding their high biological activities such as
antiviral, antibacterial, antifungal, neuro- and radioprotective action, and antioxidant activity. On their basis it is possible to develop
compositions capable of activating the systems of cellular and humoral immune defense and use them for the prevention and therapy
of viral diseases, which makes it achievable to use them for the development of potential antiherpetic agents. Despite the success of
their application in biotechnological fields, the mechanism of their action on biological objects requires detailed research.

The work aimed to verify in vitro anti-HSV-1/2 activity of trivalent and tetravalent cerium salts (1 mM-0.01 nM) according to the
preventive and therapeutic regimen. Methods: virological, cytological, statistical. The therapeutic regime was noneffective. In the
preventive regime, salt (NH,),Ce(NO;)q in vitro forms antiviral resistance in the range of investigated concentrations, while the salt
CeCl;-7H,0 forms a non-linear, sinusoidal-like concentration-dependent anti-HSV-1/2 response of cells. Cerium salts (lll and IV)
can cause the formation of a state of antiviral resistance in the model system MA-104 — HSV-1/2 during their previous 24 h of contact
with test cells. Cerium salt (IV) provides 50 % inhibition of the cytopathic action of HSV-1/2 at a concentration of 1 uM. It is assumed
that the shown antiviral activity of cerium salts may be due to their effect on the interferon system and the formation of antiviral
resistance in cells.

Keywords: herpes simplex virus (HSV-1/2), Ce** and Ce* salts, antiviral activity in vitro, preventive and treatment regimen.

Introduction. Cerium is the most common rare earth
element in the lanthanide series and is found in the earth's
crust. It can exist in both trivalent and tetravalent states [1].
Today, compounds based on cerium are highly promising
objects in biotechnology regarding their high biological ac-
tivities such as antiviral, antibacterial, antifungal, neuro- and
radioprotective action, and antioxidant activity, and these
compounds can also increase the lifespan of micro- and
macroorganisms [2-4]. On their basis it is possible to de-
velop nanocomposites capable of activating the systems of
cellular and humoral immune defense, operate as
drug/gene delivery systems, and antidiabetic drugs, and
use them for the prevention and therapy of viral diseases,
which makes it achievable to use them for the development
of potential antiherpetic agents [1, 5].

However, there are only limited reviews describing syn-
thetic methodologies and biomedical applications of cerium
salts and they do not offer complete information on their bio-
logical applications [1].

Cerium can show stability in the tetravalent state, while
other lanthanides are stable only in the trivalent state [6].
The activity of tetravalent cerium is higher than trivalent [2, 7].
Cerium has several unique properties associated with the
stable state of Ce**: redox activity, small ionic radius, and
high charge density [2].

It should be noted that water-soluble salts of cerium Ce3*
in biological fluids are easily hydrolyzed to form a hydroxy
compound. At pH 7-8, Ce3* ions are rapidly oxidized by dis-
solved oxygen with the formation of Ce** ions, which are
even more prone to hydrolysis, so that they immediately
form insoluble Ce** hydroxide and the latter dehydrates to
cerium. In other words, almost all cerium that enters the or-
ganism in the form of water-soluble salts is converted into
insoluble cerium dioxide and cerium dioxide forms individual
or aggregated nanoparticles in the presence of biopolymers
(proteins, polysaccharides, and others) that perform stabiliz-
ing functions. That is, the biological activity of cerium com-
pounds is largely due to CeO2 nanoparticles [8].

Cerium oxide or nano cerium can switch the oxidation
state between + 3 and +4 depending on the environment. It
can exist as CeO2 and Ce203 and exhibits catalytic activity
due to the redox behavior of cerium [1].

Also, nano cerium and cerium ions have oxidoreductase-
like and phosphatase-like properties and catalase and pe-
roxidase activity [2, 9]. The beneficial biological effects of
nano cerium and cerium ions are largely identical and are
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observed at low concentrations. Cerium ions can cause di-
rect oxidation (especially in acidic environments), which also
depends on ligands. At high concentrations, cerium ions in-
activate enzymes and inhibit biologically active molecules.
At appropriate (low) concentrations, cerium ions may in-
crease the activity of some enzymes. Many lanthanides
have a similar effect on living things, although due to the
properties of the tetravalent cerium ion in oxide/hydroxide
compounds, it is most suitable for biomedical use [2].

Materials and methods. Cerium salts. The following
compounds were investigated: CeCls-7H20 (Sigma, USA)
and (NH4)2Ce(NOs)s (Sigma, USA), in which cerium has a
valence of +3 and +4 respectively. Solutions of CeCls-7H20
and (NH4)2Ce(NOs)s were used with an initial concentration
of 0.1 M and 1 M in accordance. Cerium salts were dis-
solved in sterile water to obtain a concentration of 10 mM.

Cell Culture. The cell culture used in the research is
African green monkey kidney cell culture MA-104 obtained
in collaboration with GlaxoSmithKline Biologicals S.A. (Bel-
gium). Cells were grown in monolayer culture in glass and
plastic culture vials with a bottom area of 25 and 75 cm2and
96-well plates in DMEM medium with 10 % fetal bovine se-
rum (Sigma, USA) and incubated at 37 °C, 5 % COz2. Cells
were established at 2:10° cells/mL and subcultures when
confluence reached 100 % every 2 to 3 days.

Virus. Used to determine the antiviral activity of cerium
salts was herpes simplex virus (HSV-1/2) isolate "GMM"
from the virus collection of D.K. Zabolotny Institute of Micro-
biology and Virology of the NASU. Adsorption of HSV-1/2 on
the cell occurs within 60 minutes. The appearance of the cy-
topathic effect of the virus was observed with an optical mi-
croscope 18-20 hours after the infection of cell cultures. The
virus is characterized by high cytotoxicity, which is mani-
fested by a characteristic cytopathic effect on cell culture af-
ter 24-72 h of cultivation. The CPE of the herpes virus de-
velops in the form of enlarged, refractive, round cells. CPE
begins focally, but spreads rapidly, affecting other parts of
the monolayer [10].

The dose of the virus used in the research is equal to
TCIDso. TCIDso is the dose of the virus that destroys 50 % of
the cell monolayer. The TCIDso was calculated by determin-
ing the titer of the virus by tenfold titration in a 96-well plate
on the appropriate cell line. The logarithm of the virus titer
was calculated by a modified method of Reed—Muench [11].
The antiviral efficacy of the investigated compounds was
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evaluated by determining the median effective dose EDsp —
the investigated compound that protects 50 % of the cell
monolayer. This indicator was determined relative to the cell
control which is intact cells of the appropriate cell culture on
which the study was performed. To determine the antiviral
activity of cerium salts preventive and therapeutic regimens
were used. According to the preventive regimen, cerium salt
samples were added to the MA-104 cell culture 24 h before
the infection of HSV-1/2. The antiviral effect of the re-
searched compounds was determined in the tenfold concen-
tration range from 100 uM to 0.01 nM. According to the
treatment regimen, salt samples were added to MA-104
cells 60 min after infection with HSV-1/2. In this regimen, the
antiviral effect of cerium salts was determined in the tenfold
concentration range an order of magnitude higher than in the
preventive regimen from 1.0 mM to 0.1 nM. Used HSV-1/2
with the multiplicity of infection 1x10% TCDsp in 100 ul of me-
dium DMEM (Sigma, USA). Crystal violet staining was used
to determine the total number of adherent viable cells [12].

Crystal Violet Assay Procedure. The assay is based on
determining cell adhesion by staining attached cells with
crystal violet, which binds to proteins and DNA. Dead cells
lose the ability to attach, which leads to a decrease in the
amount of dye in cell culture. The optical density of the
bound dye is measured using a spectrophotometer [13].
Summary of the methodology: The culture medium was re-
moved from 96-well cells in which cells were cultured. To
each well was added 50 pl of 0.5 % solution of Crystal violet
(Sigma-Aldrich, USA) in 30 % ethanol and incubated plates
at room temperature for 10 min. After 10 min, the unbound
dye was removed by rinsing the wells four times with tap
water. The plates were inverted on filter paper to remove
excess water and then air-dried for 1-2 hours [14]. Then, the
absorbance values at 540 nm were recorded using a plate
reader. And all samples were analyzed in four replicates.

Statistical Analysis. Experimental data were processed
by conventional methods of variation statistics. The obtained
experimental data in the comparison groups are presented
in the form of median and statistical error. All comparisons
were considered with a significant level of P<0.05. The re-
sults presented graphically were obtained using Microsoft
Office Excel 2010 (Microsoft Corporation, USA).

Results and discussion. The addition of Ce3* and Ce**
salts to cells that were previously infected with HSV-1/2
(treatment regimen) did not protect against the development
of the cytodestructive change. Only adding Ce** salt to the
cells in the maximum investigated concentration — 1 mM —
showed more than 50 % survival of infected cells (P<0.01).
However, if an order of magnitude lower concentration of
Ce** salt was added to the medium, the number of viable
cells in the experimental wells did not differ from the control
infected ones (Fig. 1, A).

That is, it can be argued that in the treatment regimen of
cerium salts lll and IV valence in vitro certain limited antiher-
petic activity is shown only for Ce** salt in the maximum
studied concentration of 1 mM. The percentage of living
cells relative to the control intact cells was 70.4 % [54.4—
90.7 %] (P<0.01). The absence of antiviral effect manifesta-
tions of the Ce®* salt under the studied conditions is likely to
be associated with its chemical properties, which are differ-
ent from the Ce** salt.

Study results of the antiviral resistance state for-
mation in MA-104 cells after 24 h of contact with various
concentrations of Ce®* and Ce** salts (preventive regi-
men) are shown in Fig. 1, B.
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The presence of Ce** salt in the cell culture medium for
24 h before infection with HSV-1/2 ensured the formation of
an antiviral resistance state in the entire range of studied
concentrations with a maximum of ~ 50 % protection of cells
from the viral cytopathic action at a concentration of 1 yM
(high concentrations did not provide better protection, which
is probably due to their certain toxic effects). More than 30 %
protection was found under the condition of the Ce** salt pre-
sent in the cell culture medium at concentrations of 0.1-
0.01 uM and ~25 % protection was provided by the pres-
ence of Ce** salt at 0.1-1.0 nM concentrations (P<0.01).
Even a 10 pM concentration of Ce** salt provided signifi-
cantly higher (P<0.05) than in infected control cells re-
sistance to the cytopathic effect development under condi-
tions of HSV-1/2 infection.

The nature of the effect of 24 h of Ce3* salt contact on
the state of resistance of HSV-1/2 infected cells is am-
biguous. A nonlinear, oscillating response was observed
when the concentration of the Ce®* salt changed by one
order of magnitude. This phenomenon could be attributed
to methodological errors, but since in the experiment the
change in the reaction is traced four times, in addition, it is
reproduced in repeated experiments, the question arises
as to the mechanism of such a reaction of cells. Most likely,
the fact we discovered is due to the ability of CeCls-7H20
salt at different concentrations to interact differently with
the components of the nutrient medium, changing their
characteristics, which after 24 hours of contact with cells
can affect their metabolism and reactivity.

That is, if the effect of Ce** salt on cells is concentration-
dependent and linear, then Ce®* salt affects the state of cells
indirectly: we observe a series of sharp changes (jumps) in
the appearance and loss of activity associated with a 10-fold
change in its concentration. Interestingly, the maximum
manifestation of antiviral resistance in cells is shown when
nanomolar concentrations of Ce®* salt (0.1 nM and 10 nM,
P<0.01) are introduced into the culture medium.

The absence of the effect of antiviral protection in the
presence of Ce?* salt in the culture medium at intermediate
concentrations of 1 nM and 0.01 nM (P>0.05) indicates a
high sensitivity of the object to exposure to Ce3* ions or prod-
ucts of their reaction with environmental components. The
obtained results are very interesting from the point of view
of the analysis of the mechanisms of antiviral state formation
in cells in the presence of microelements in their microenvi-
ronment and rare earth elements in particular. In addition,
the detected fluctuation concentration dependence of the
formation of antiviral resistance leads to a certain parallel
regarding the similarity of the detected phenomenon to the
self-oscillation reaction created by B. Belousov and stud-
ied in detail by A. Jabotinsky, where the main component
that provided the self-oscillating process was the Ce3* ion
[15]. The facts obtained and the parallels drawn out require
a deep and thorough study.

Thus, under in vitro conditions, the use of lll and IV va-
lence cerium salts according to the treatment regimen does
not provide antiherpetic effects. While the presence of Ce**
salts in the culture medium causes the formation of an anti-
viral resistance state: the effect linearly depends on the salt
concentration. The CeCls-7H20 salt effect was found to fluc-
tuate (disappear and appear) depending on the change in
the concentration of ions in the culture medium. Table 1
shows a certain range of effective concentrations of
CeCls3-7H20 and (NH4)2Ce(NOs3)s salts.



~ 30~

B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

QZhrrrrrl

mm Cel+ Ced4+ —Cellcontrol —Viruscontrol
e 100 I I I I I I 1
o
=
)
o g 80 sk
”no
2 -
Ss 60
c C
=
< 8
°s 40
c)‘-‘
£5
g (8]
o2
w -
o
@
" —
-

1000 100 10 0,01 0,001 0,0001
Concentratlon of cerium salts, MM
A
== Cel+ Ce4+ —Cellcontrol —Virus control
2 100 1 I I I I I I 1
L
@
£ 80
o3
©wo % %
—_— * %
36’,:3 60 - Ml
c %* %
°s Y0
£5
g 20 r J
""’ I 0
o
o
= 0
0,1 0,01 0,001 0,0001 0,00001
Concentration of cerium salts, pM
B

Fig. 1. Antiherpetic action of Ce**and Ce** salts. Notes:
A - treatment regimen, B — preventive regimen; * - P < 0.05; ** — P < 0.01, n=4,

results presented as the median and the interval between the first and third quartiles [Q1-Q3]

Table 1. Indicators of effective antiherpetic concentrations of cerium salts according to the preventive regimen in vitro

Effective concentration, nM EC1o ECys ECso ECss ECq
CeCl3-7H,0 0.05 0.08 - - -
(NH4)2Ce(NO3)s 0.01 0.10 1000 - -

Note: "-" anti-virus protection is insufficient, and effective concentration has not been determined.

Since the experiment was conducted with a high multiplicity
of infections, it can be assumed that with a lower multiplicity of
infections, the effective concentrations will be lower.

We have shown that cerium salts are capable of
providing the formation of a state of antiviral resistance
against HSV-1/2, provided that they are present for 24 h in
the culture medium. The treatment regimen in the same
salt concentrations as the preventive regime (100 uM-
0.01 nM) does no antiviral effectiveness. Salt
(NHa4)2Ce(NOs)s in vitro provides the formation of an effec-
tive state of antiviral resistance, while the salt CeClz-7H20
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forms a non-linear, sinusoidal-like concentration-depen-
dent anti-HSV-1/2 response of cells.

It was studied in vitro the antiviral effect of CeCls-7H20
and (NH4)2Ce(NOs)s salts at various concentrations in
MA-104 cell culture at a high multiplicity of HSV-1/2 infec-
tion. It has been found that cerium salts are capable of
providing antiherpetic activity.

These results correlate with the previously obtained data
[16] on the antiviral activity of cerium salts against vesicular
stomatitis virus in vitro. The detected effects correlated with
the shown activation of the interferon system under the
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condition of their 24h contact with L929 cell culture, which
can actively produce interferon. A preventive regimen of the
studied salt application can affect the activation of the inter-
feron system in MA-104 cells and, in some way, form a state
of antiviral resistance, as shown in our work. It should be
noted that herpes infection can interfere with the interferon
system [17, 18], which may cause the ineffectiveness of
salts in the treatment regimen.

Conclusions. Antiherpetic activity of trivalent and tetra-
valent cerium salts (CeCls-7H20 and (NH4)2Ce(NOz)s) was
studied in vitro in the range of ten-fold concentrations from
1 mM to 0.01 nM.

1. It was shown that in the therapeutic regimen, the use
of CeCls-7H20 and (NH4)2Ce(NOs)s salts in the range of
studied concentrations does not protect MA-104 cells from
the development of the cytopathic effect of HSV-1/2.

2. According to the preventive regimen in vitro (samples
were added to the MA-104 cell culture 24h before the infec-
tion of HSV-1/2) (NH4)2Ce(NOs3)s provides the formation of
an effective state of antiviral resistance, while the salt
CeCl3-7H20 forms a non-linear, sinusoidal-like concentra-
tion-dependent anti-HSV-1/2 response of cells.

3. It has been suggested that the shown antiviral activity
of cerium salts according to the preventive regimen may be
due to their effect on the interferon system and the formation
of antiviral resistance in cells.
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IHcTUTYT Mmikpo6ionorii i Bipyconorii iM. 1. K. 3a6onotHoro HAH Ykpainu, KuiB, YkpaiHa

AHTUIEPMETUYHA OISl CONEN LEPIIO IN VITRO

Cnonyku Ha ocHoei yepito € 0GHUMU 3 sUCOKONepcrekmueHux 06 'ekmie y 6iomexHosnogii, wo noe'a3aHo 3 iXHLOI 8UCOKO 6i0102i4HOIO aKmu-
eHicmio: aHmueipycHoro, aHmubakmepianbHol, aHmugyHaanbHo, Helipo- ma padionpomekmopHoto dieto, aHmuoKcudaHMHO akmueHicmio. Ha
ix ocHO8i MO)XHa po3po61smu KomMno3uyil, wo 30amHi akmueyeamu cucmeMu K/1iMUHHO20 ma 2yMopaJsibHo20 iMyHHO20 3axucmy, i 3acmocoeyeamu
ons npoghinakmuku i mepanii gipycHux 3axeoprogaHb, W0 dae MoXugicmb ix eUKOpPUCMaHHSI Onsi PO3Po6IIeHHs1 MTOMeHYilIHUX aHmuzaeprnemu4yHux
3acobis. Hesgaxkaroyu Ha ycrnixu eukopucmaHHsi 8 6iomexHos02i4HUX cghepax, MexaHi3m ixHboi dii Ha 6iono2iyHi 06'ckmu nompebye demasnbHO20
docnidweHHss. Mema po6omu nonsizana e nepeeipyi e ymoeax in vitro anmuzepnemuyHoi akmueHocmi coneli Ce** and Ce** y dianazoHi KoHyeHmpa-
yit 1 MM-0.01 HM 3a npogbinakmu4HoIo i NiKyeasbHOI cxeMamMu 3acmocyeaHHs. Y docnidkeHHi 6ynu eukopucmati eipycosnoziyHi, yumosoziyHi ma
cmamucmu4Hi Memoodu. Pesynbmamu po6omu: 3acmocyeaHHs1 cosell 3a JliKyeaslbHOK CXeMOK € HeegheKmueHUM. BHeceHHs1 00 knimuH e08HO20
po3yuHy coni (NH4)2Ce(NOs)s 3a npoghinakmuyHoto cxeMoro cynpoeodiyeasockb hopMyeaHHAIM CmaHy aHMuUegipycHOi pe3ucmeHmHocmi e ycbomy
Odiana3oHi docnidxysaHux koHUeHmpauitli, modi sik 3acmocyeaHHs coni CeClz-7H20 — HeniHiliHUM, KOHUeHmMpayiliHo-noe 's3aHuUM CuHycoidomnodi6-
HUM ¢hopMYy8aHHSIM y K/limuH pe3ucmeHmHocmi o yumonamu4Hoi it HSV-1/2.

BucHoeku: y ModesnbHil cucmemi MA-104 — HSV-1/2 coni Ce®* ma Ce** 30amHi euknukamu ¢gpopmyeaHHsi cmaHy aHmueipycHoi peaucmeHmHocmi
3a ixHbo20 nonepedHL020 24-200UHHO20 KOHMakmy i3 knimuHamu. Cinb Ce** 3a6esneyye 50 % npuzHideHHs1 yumonamu4Hoi 8iif HSV-1/2 y koHyeH-
mpauyii 1 uM. lMpunyckaemMo, W0 NokasaHa aHMueipycHa akmueHicmb cosieli yepito Moxxe 6ymu 3ymoesieHa IXHiM enueoM Ha cucmemy iHmepge-
POHY ma hopMye8aHHSIM y KNlimuHax cmaHy aHmueipycHol peaucmeHmHocmi.

Knrouoei crioea: eipyc npocmozo 2epnecy (HSV-1/2), coni Ce** ma Ce**, anmueipycHa akmueHicms in vitro, npoginakmuyHa ma nikyeanbHa cxemu.
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CYYACHUM CTAH TA NEPCNEKTUBU OOCNIAXEHHA AUCKOMILIETIB
FETbMAHCBKOIo HALLIOHANBHOIO NIPUPOAHOIO NAPKY

HocnidxeHo eudoesy pisHoMaHimHicmb i nowupeHHs1 Auckomiyemie embMaHCbKO20 HayioHanbHO20 MPUPOOGHO20 MNapKy
(Fembmanckkull HI). Y pe3ynbmami y3azanbHeHHs1 enlacHUX 0aHux i aHanizy ony6nikoeaHux nimepamypHux Oxepen O71s1 mepu-
mopii napky HaeedeHo 63 eudu duckomiyemie, ujo Hanexxams 0o 36 podie, 19 poduH, 4 nopsidkie i 2 knacie: Leotiomycetes — 25 su-
die i3 17 podie, Pezizomycetes — 38 eudie i3 19 podie. Ceped nopsidkie HaliyucneHHiwumu € Pezizales (37 eudie) i Helotiales (13 eu-
dig). Y poduHHomMy crniekmpi KinbkicHo domiHyroms Ascobolaceae — 11 eudie, Pezizaceae — 6, Helotiaceae — 5, Ascodesmidaceae,
Mollisiaceae, Pyronemataceae ma Rhytismataceae — no 4 eudu, npedcmaeHuku sikux 06'eOHyromb 62,3 % 3az2anbHOI KinbKocmi
3apeecmposaHux Ha docideHili mepumopii audie duckomiyemie. HaesedeHo aHomoeaHull cnucok eidnoeioHux eudie 2pubie ma
acoyitiosaHux i3 HUMU POCJIUH-)Xusumerlig i xusunbHuUx cybcmpamis. Ha mepumopii FembmaHcbkoz20 HII ynepwe e YkpaiHi 6ye
susienieHull konpoginbHuli npedcmasHuk lodophanus verrucisporus (P.W. Graff) Kimbr., Luck-Allen & Cain. Ceped 3apeecmposa-
Hux eudie nepesaxHa 6inbwicme Hanexams 0o cybcmpamHux 2pyn konpodginie (26 eudie), kcunodpinie (14), edagpocpinie (10) i
¢pinogpinie (6). MokaszaHo nepcrnekmueHicmb ModanbWux Mikono2iYyHux docnidxeHb mepumopii FfembmaHcbkoz2o HIII, nid 4Yac
sIKux ocobnuey yeaay douyinbHoO 30cepedumu Ha 8UBYEHHI Me8HUX eKoslo2iYHuUX (6pioghinbHUX, MiKOinbHUX, NipoginbHUX, 2yMY-
coeux) i makcoHomi4Hux (Pezizaceae ma Pyronemataceae) 2pyn duckomiyemis.

Knrovoei cnoea: Ykpaina, Cymcbka obriacms, 3anoeioHi mepumopii, 6iopiaHomMaHimuicmsb, 2pubu, eudoeuli cknad, Ascomycota.

Bctyn. 36epexeHHs 6iopi3BHOMaHITTS SK HaUiOHanbHOro
OaraTcTBa YKpaiHM € O4HUM i3 NpiopuUTETIB 3aranbHoaepXa-
BHOI €KOJIOMYHOI MONITUKK, BaXXNIMBMM HanpsiMoMm y cdepi
NPUPOAOKOPUCTYBaHHS, EKONOTiYHOT 6e3MneKkn 1 OXOpPOoHU [0-
Bkinns [1]. MNepwunm eTanom 36epexeHHs BionorivyHoi pisHo-
MaHITHOCTi eKOCUCTEM € AeTarbHe JOCHiIAXEHHS | KpUTUYHA
iHBEeHTapu3aLis BMOoOBOro ckrnagy BCiX KOMMOHEHTIB iXHbOI
6ioTn. 3abe3neunTn edhekTMBHE BMBYEHHS Ta HafiliHe 36e-
pexeHHs1 BiOpi3HOMaHITTS CbOrOA4HI MOXNMBO NULLE Ha Te-
pUTOPIAX i3 YCTAHOBIEHVWM PEXUMOM NPUPOAOKOPUCTY-
BaHHsi, HanbinNbLU NepcnekTBHUMU cepel SKUX € 3anoBia-
HUKW Ta HauioHanbHi NPUPOAHI Napkn, BU3HaHI ocepeakamu
pisHOMaHITHOCTi GioTu.

eTbMaHCbKMI HaLioHanbHWA NPUPOAHWMIA Napk (gani —
MetbmaHcbkuii HIMM) 3HaxoamTbes Ha TepuTopii OXTUpPCh-
Koro panoHy Cymcbkoi 06racTi, e OXOPOHSIOTLCS TUMOBI 1
YHikanbHi npupogHi komnnekcu JlisobepexHoro Jlicocteny,
LLIO po3TalloBaHi y cepefHin Tedii gonvHu p. Bopckna. Mig
yac cTBopeHHs y 2009 p. oo oro cknagy BBILNM TepuTopil
OBaHafLUATY BXe paHille iCHytounx ob'ekTiB MpUpoaHo-3ano-
BigHoro doHay (gani M3®) CymwmHM 3i 36epeeHHsaAM iX-
HbOrO NPUPOOOOXOPOHHOro ctatycy [2]. TepuTopia napky
BKMIOYAE caMy pidKy, MpaBuii KOpiHHUIA Oeper, a Takox
AiNSHKM 3annaBu Ta HaasannaBHOI Tepacw. binble nono-
BVHW MIOLLi NapKy 3anmatoTb MicoBi (PiTOLEHO3M, NEPEBAXKHO
3ocepepykeHi Ha 6oposin Tepaci Ta BoAoAinbHUX nnato. Jyku
(ciHoxaTti 1 nacosuwa), wo 3armMatoTb mMamke 20 %, i 60-
nota, Ha ski npunagae 22 %, Hanbinbwe npeacTaBreHi y
3annasi p. Bopckna [3].

FeTbMaHcbkuin HMIM € yactuHoto CmapargoBoi Mepexxi
Ykpainu [4] i Monicbkoro wnpoTHoro Ta [JHiNpoBCbKOro Me-
puaioHanbHOro eKonoriYyHuX kopuaopie HauioHanbHoOI eko-
noriyHoi mepexi [5]. CborogHi BiH € OCHOBHUM MOHITOPUH-
roBUM MOMIrOHOM AN 300M0rYHUX i OoTaHiYHUX [Ao-
cnigxeHb Ha CyMLMHI, iCTOpis AKX HapaxoBye TyT NoHaza
140 pokie [3]. LWogo mikonoriyHnx gocnigkeHb, BUBYEHHSA
Miko6ioTU perioHy posTallyBaHHA napky 6yno posnodarte
3HayHO nisHiwe — nuwe y 60-x pp. XX cT. [6]. 3a uen
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nepiog Hanbinblwa ysBara Npuainanacb BMBYEHHIO Gasu-
OieBMX MaKpOMILETIB pi3HUX cucTeMaTuUdHuUX rpyn [7], a Ta-
KOX obniraTHonapasuTHMX MIKpOMILETIB, 30KpeMa ipxa-
CTUX i BOpOLHNCTOPOCAHUX rpnbiB [8]. MpMbM 3 iHWKUX cu-
CTeMaTU4HUX, MOPAOSOriYHUX Ta EKONOriYHMX rpyn Oo-
cnigxyBanuce Ha Ui TepuTopii cnopagnyHo abo 30BCiM
nuwIMnMca nosa yBsarot gocnigHukie. Lle ctocyeTbes i Ta-
KOi BENnuKOi Ta pi3HOMaHITHOI MOpPOMOrivyHOI rpynu cym-
yacTux rpubiB sik gMCKOMILETH.

OTxe, MeTol NPOMoHOBaHOi poboTn € y3aranbHUTU
[aHi Woao BMAOBOI Pi3HOMAHITHOCTI AMCKOMILETIB HaseM-
Hux ekocuctem eTbmaHcbkoro HIMMM Ta ouiHMTK nepcnek-
TUBW i HANpsAMK NoganbLUMX AOCNILXEHb Liel rpynu rpnbis
Ha TepuTopii Napky.

Martepianu Ta Metoau. MaTepianamn ansa crarTi
cTanu opwuriHanbHi MikonoriyHi konekuii, 3ibpaHi nig vac
ekcneauvuinHmx Buisgis 2012-2019 pp., a Takox pesyrb-
TaTu KPUTUYHOIO aHanidy onyonikoBaHMX paHilwe BigoMo-
cTel Npo BMAM ANCKOMILETIB, 3ibpaHi y perioHi posTtally-
BaHHs napky [7, 9, 10-13].

36vpaHHsa matepiany Bigbynocsa B OKONMWUUAX TaKuX
HaceneHux NyHkTiB OXTUpcbkoro parnoHy Cymcbkoi obnacri:
cmT Benuka MNucapiska, cena KnumeHtose, OnekcaHapiska,
Crpineupka lMywkapka, Xyxpa Ta AvmHe. bynu obcTexeHi
TepuTopii YoTUpbox 06'ekTiB N3P, WO BBIAWAM A0 cknagy
FeTbmaHcbkoro HIMM. Cepen HuX rigponoriyHi 3akasHUKM
3aranbHOOep)KaBHOro 3Ha4yeHHs — "KnnmeHTiBCbknin" i "Xyx-
psAHCbKMIA", MicueBoro — "AMHWA", 3anoBigHOro ypouuilia
"IInToBCbKUI Gip", NPUPOOOOXOPOHHMIA cTaTyC sikoro Byno
ckacoBaHo y 2015 p. [4], a Takox nicoBux ypouuwy "dobpo-
cnascbkka gadva" i "lOcynose". MNepenik i xapakTepucTuka no-
KaniTeTiB, a TakoX gatu 36MpaHHs 3paskiB ModaHi HUXKYE.
Haseu GioToniB noaaHi 3rigHo 3 HauioHanbHUM KaTanorom
6ioTonie YkpaiHu [21]. IxHa xapakTepucTuka Ta BUSHAUYEHHS
TMNiB 6a3yBanncsa Ha OCHOBI BrTACHWX AOCTIMKEHb, @ TaKkoX
onybnikoBaHux AaHux [3, 23].

© NntBuHeHko 0., OxaraH B., Bakan A., 2022
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Micus n patun 36upaHHa MIKOMOriYHNX 3paskiB | XapakTepUCTNKa OCHOBHNX 0B6CTexXeHMX BioTonis:

(1) cmT Benuka lMucapiBka, Me30iTHI NyKn NacoBULLHOIO BUKOPUCTaHHS, 29.06.2015;

(2) cmT Benuka MNMucapiBka, aHTPONOreHHNMIA XBONMHMI fiic, 27-28.06.2015;

(3) c. KnumeHToBe, "KnumeHTiBcbkMin", BepOOBI YarapHUKOBI 3apoCTi MilaHux i cyrnmHkoBux 6eperis, 29.09.2012;
(4) c. KnumeHToBe, "KnumeHTIBCbKMI", PiIBHUHHMI He3abonoyeHuit nic Binbxu YopHoi, 29.09.2012, 05.11.2012;

(6) c. KnumeHToBe, "KnumeHTiBcbkMit", 3annaBHi BepboBi  Tononesi nicu, 05.11.2012;

(7) c. KnumeHToBe, cuHaHTponHi 6iotonu, 09.08.2012;

)
)
(5) c. KnumeHToBe, "KnumeHTiBCbKMI", Me30ITHI NyKn nacoBuLLHOro BukopuctaHHs, 09.08.2012, 29.09.2012, 05.11.2012;
)
)
)

(8) c. KnumeHToBe, "JlntoBcbkun Gip", cvpuin oniromesoTpodHuin 6epesosuin nic, 16.07.1982, 26.07.1982, 15.07.2004,

02.11.2004 [7];

(9) c. KnumeHToBe, "lNuToBCLKMIA Gip", cupwuii onirome3oTpodHmin 6epesosuii nic, 05.11.2012;
(10) c. KnumeHToBe, "JluToBChKkUiA Gip", aungodinbHU cocHoBo-ay6oBuiA nic, 29.09.2012, 05.11.2012, 05.05.2016;
(11) c. KnumeHToBe, "NntoBcbkuin Bip", ekonoro-nisHaBanbHa cTexka, pyaepanbHi Giotonu, 09.08.2012, 21.05.2015,

25.05.2019;

(12) c. KnumeHToBeE, "luTOBCHKMI Gip", aumMaodinbHWI CBiXMUIA Nic cocHM 3BuYaiiHoi, 09.08.2012, 29.09.2012, 05.11.2012,

05.05.2016;

(13) c. KnumenTose, "IlutoBchkuii Gip", aunaodinbHUA CBiXWUIA Nic COCHK 3BMYanHoi, 15.07.2004 [7];
(14) c. KnumeHToBe, "NutoBChkMI Bip", BOMOri Ta NepioAnYHO BOSOri flick 3 AoMiHyBaHHAM Ayba 3BmyariHoro, 04.05.2004,

23.04.2011 [7];

(15) c. KnnumeHToBe, "NutoBcbkMn Gip", aumaodinsHi Ay6oBi 1 cocHoBo-ay6oBi nicy, 19.09.1981, 16.07.1982, 26.07.1982 [7];

(16) c. KnumeHToBE, BepeceHb-xoBTeHb 2019 [13];

(17) c. Onekcangpieka, Me30diTHI MYKN NACOBULLHOIO Ta CiHOKICHOrO BUKOpPUCTaHHs, 28.06.2015;

(18) c. OnekcaHgpiska, pyaepaneHi 6iotonu, 21.05.2015, 28.06.2015;

(19) m. OxTnpka, "JobpocnaBcbka gaya", octenHeHn cocHosmm nic, 28.06.2013.08.2011 [7];

(20) c. Crpineubka MyLwkapka, BOMOri NIyKM NaCoOBMLLHOTO i CIHOKICHOTO BUKOpUCTaHHS, 28-29.06.2015;
(21) c. Crpineubka lMNMywkapka, ocTenHeHU cocHoBui fic, 28.06.2015;

(22) c. Xyxpa, "XyxpsHCbK1IA", BOMOTi JTyKW NAaCOBULLHOTO i CiIHOKICHOrO BUkopucTaHHs, 20.09.2015;
(23) c. Xyxpa, "XyxpstHCbKMI", Me30iTHi JTyKM NAaCOBULLHOMO Ta CiIHOKICHOrO BUKopucTaHHs, 28.06.2015;
(24) c. Xyxpa, "XyxpsiHcbkuit", TpaB'aHe yarniccs Binbxosoro nicy, 20.09.2015;

(25) c. AmHe, "KOcynose", TpaB'aHi yaniccs Ta ranssuHu gybosoro nicy, 27.06.2015;

(26) c. AmHe, "FOcynoBe", ekonoro-nisHaBanbHa CTexka, pyaeparnesHi 6iotonu, 27.06.2015;

(27) no Bcin TepuTopii napky, nicosi 6iotonwu [7].

BraHaveHHs MikonoriYH1x 3paskis NpoBOAMNN 3a 3aranb-
HOMPUIAHATUMK  MeToaukammn  [14].  MikpomopdomeTpuryHi
O3HaKu AOCrimXyBanM MeTOAOM CBITNOBOI Mikpockonii. [nis
OAEPXKaHHSI aCKOM KONPOQIiNbHUX OUCKOMILETIB BUKOPUCTAHO
MeTog Bororux kamep [15, 16]. 3ibpaHa mikonoridyHa konekuis
36epiraeTbcs y HaykoBoMy repbapii kadeapm Gionorii Ta me-
TOAWKM HaB4YaHHs1 Gionorii CyMcbKOro epxaBHOro neaaroriv-
Horo yHiBepcuteTy iMeHi A. C. MakapeHka.

CuctemaTtnyHe NonoXXeHHs BUAiB AUCKOMILETIB, HA3BU 1
aBTOPM TAKCOHIB PaHroM BULLMX 3a BWUA, NOAAHI 3rigHO 3 po-
6otamun Wijayawardene et al. [17, 18]. TakcoHn HakBULLOTrO
paHry (cy6oomeH, HaguapcTBO, LL@apcTBO Ta MiauapcTBo)
HaBegeHi 3rigHo i3 cuctemoto Adl et al [19]. CyyacHi Ha3BK
BMAiB rpubis, ixHi GinbLL Bi4OMI CUHOHIMU Ta npi3BULLA aB-
TOpiB BUAIB Y3romKeHi 3 HOMeHknaTypHow 6a3o gaHux
Index Fungorum [20]. B aHoTOBaHOMY CnWCKy BMAiB YCi Tak-
COHM HaBefeHi 3a abeTKOBMM NOPSAKOM, A5 KOXHOro BUAY
rpmbiB NpeacTaBrneHo AaHi MPO POCMVHU-XMBUTENI Ta no-
XMBHI cybCcTpaTtu. JlaTMHCBKI Ha3BM Ta CKOPOYEHHST aBTOPIB
BUAIB CyOMHHWX POCNWH MofaHi 3a AosigHukoM "Vascular
plants of Ukraine. A nomenclatural checklist" [21].

Pe3ynbTatn Ta ix o6roBopeHHs. [epLi 3ragku npo
11 BnAiB AMckoMmiueTiB i3 TepuTopii napky O6ynu HaBeaeHi
K. K. KapneHko y ABOX BugaHHsax moHorpadii "MakpomiueTtn
3anoBigHux Teputopin Cymcbkoi obnacTi” [7, 9]. Lle npegn-
CTaBHMWKWN F'YMYCOBUX i KCUNOMIiNbHUX canpoTpoduiB, a Takox
napasvTy Ha KOPEHSX POCIVH, Siki nepeBaxHo Oynu 3ibpaHi
B nicoBoMy ypoumLui JIuToBcbkuii Gip.

Y 2012 p. Hamu Oynu posnodyaTi nnaHOMipHi Oo-
CNiXKEHHS1 3 BMBYEHHSI CymyacTux rpubie MeTbMaHCbLKOro
HIMM, nig yac sakmMx okpema yBara npuainsnace AncKomile-
Tam. MonepeaHi aani npo 10 B1AiB KONPOMINBHUX ANCKOMI-
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ueTiB napky 6ynun 4acTkoBO BMCBITNEHI y Hawwiv cTaTTi [10],
nicns BUXoAy SKOi AOCNIMKEHHsST 6y NPOOOBXEHI.

B aBTopedbepaTi gnucepTadinHoi poboTtu I. |. Autok, npu-
CBSiYEeHin auckomiueTam Xapkicbkoro JlicocTteny, nosigom-
NSAETLCSA, WO AOCHIOKEHHS OXONMoBanu 1 TepuTopito eTb-
maHcbkoro HIMM [11]. Y 2017 p. 6yno ony6nikoBaHo Yy3a-
ranbHIOBanbHUA CNUCOK BUAIB AMCKOMILETIB XapKiBCbKOro
Jlicocteny [12]. OgHak y Buwe3ragaHux ABOX nybnikauisx
KOHKPETHI AaHi Npo Te, CKINbKK i ki came B1an AUCKOMILETIB
Oynu 3apeecTpoBaHi gocnigHuueto y NetbmaHcekomy HIMM,
Ha >Xarb, BiOCYTHI.

Y BepecHi — XoBTHi 2019 p. cTyaeHTamu Ta BuKnaga-
Yyamy XapKiBCbKOro HauioHanbHOro YHiBepcuTeTy iMeHi
B. H. KapasiHa npoBogunucsa MikonoriyHi 4oChigjkeHHs Ha
Teputopii eTbmaHcbkoro HIMM (B okonuuax c. KnuveH-
ToBe). Y pe3ynbTati onpautoBaHHs 36opis O. HO. Akynosum
pasom i3 [.I. Mapby3om 6yno igeHTudikoBaHo 18 Buais
GiTOTPOHNX MikpoMiueTiB, cepen sikux Oy 1 Bua Auc-
komiueTiB — Ciboria batschiana (Zopf) N. F. Buchw. [13].

Y uin cTatTi My BrepLUe HaBoAMMO y3aranbHeHWU cnu-
cok auckomiueTiB eTbmaHcbkoro HIMM, cknageHuit Ha oc-
HOBi BMBYEHHSI BlAaCHUX MIKOMOFMYHUX 3pasKiB, a TaKoX
onybnikoBaHux niTepaTypHUX mxepen. Y cTaTTi npeacras-
NEHO y3aranbHEHUA CNUCOK BMAIB OUCKOMILETIB TepuTopii
[eTbmaHcbkoro HIM 3a BCi pokn 1Moro obcTexeHHs. BiH
BKMovae 63 Buau, ski HaBedeHi y cuctemaTU4yHOMy Mo-
psaaky. [ns KoXHOro Buay HaBefeHo cybCcTpaTHy nmpuypo-
YeHIiCTb i MicLe3HaxoMKeHHs1 (Homepu fokaniteTiB Bigno-
BigaloTb Hymepaldii, HaBedeHi y "MaTtepianax i metogax",
Ta nogaHi y Kpyrmux Ayxkax). bina suais, BigomocTi npo
3HaXOMKEHHS AKMX Ha TepuTopii FeTbMaHcbkoro HIMM 6ynu
onybnikoBaHi paHille, HaBedeHi NOCUNAHHS Ha BiANOBIAHI
nitepatypHi axepena [7, 10, 13].
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AMORPHEA Adl et al.
OPISTHOKONTA Cavalier-Smith, emend. Adl et al.
FUNGI R. T. MOORE
DIKARYA Hibbett et al.

Ascomycota Cavalier-Smith

Pezizomycotina O.E. Erikss. & Winka
Leotiomycetes O.E. Erikss. & Winka
Helotiales Nannf. ex Korf & Lizon
Cenangiaceae Rehm
Cenangium Fr.
Cenangium acuum Cooke & Peck — Ha xBoi Pinus sylvestris L. (13)
Gelatinodiscaceae S.E. Carp
Ascocoryne J.W. Groves & D.E. Wilson
Ascocoryne sarcoides (Jacq.) J.W. Groves & D.E. Wilson — Ha rHunin gepesuHi (8) [7]
Helotiaceae Rehm
Hymenoscyphus Gray
Hymenoscyphus caudatus (P. Karst.) Dennis — Ha nuctoBomy onagi (3)
Hymenoscyphus herbarum (Pers.) Dennis — Ha cyxux ctebnax Urtica dioica L. (4)
Hymenoscyphus fructigenus (Bull.) Gray — Ha onanux xonyasax Quercus robur L. (10)
Hymenoscyphuss cutula (Pers.) W. Phillips — Ha 3anuiukax TpaB'ssHUCTUX POCnuH (4)
Hymenoscyphus phyllophilus (Desm.) Kuntze — Ha xunkax i Yepelukax onanux nuctkiB Alnus glutinosa (L.) P. Gaertn. (4)
Hyaloscyphaceae Nannf.
Hyaloscypha Boud.
Hyaloscypha hyalina (Pers.) Boud. — Ha rHunomy ctoBOypi Quercus robur L. (10)
Lachnaceae (Nannf.) Raitv.
Dasyscyphella Tranzschel
Dasyscyphella nivea (R. Hedw.) Raitv. — Ha rHunii gepeBuHi (12)
Lachnum Retz.
Lachnum virgineum (Batsch) P. Karst. — Ha onanomy ctoBOypi nUcTsiHOI nopoaw nig, kopoto (12); Ha rHvnin gepesuHi (9)
Mollisiaceae Rehm
Mollisia (Fr.) P. Karst.
Mollisia cinerea (Batsch) P. Karst. — Ha onanin rinui Pinus sylvestris L. (12); Ha TpyxnaBomy CTOBOYpi NUCTAHOI nopoaun
nig kopoto (12)
Mollisia ligni (Desm.) P. Karst. — Ha TpyxnaBomMy cToBOypi (12)
Mollisia melaleuca (Fr.) Brunaud — Ha rHunin gepesuHi (12)
Tapesia (Pers.) Fuckel
Tapesia fusca (Pers.) Fuckel — Ha rinui Alnus glutinosa (L.) P. Gaertn. (4); Ha rHini gepesuHi (9)
Pezizellaceae Velen.
Calycina Neesex Gray
Calycina citrina (Hedw.) Gray (= Bisporella citrina (Batsch) Korf & S.E. Carp.) — Ha rHunomy ctosbypi (12)
Calycina cf. parilis (P. Karst.) Kuntze — Ha rHunivi gepesuHi (12)
Sclerotiniaceae Whetzel ex Whetzel
Ciboria Fuckel
Ciboria batschiana (Zopf) N. F. Buchw. — noxuBHui cybctpat He Bka3aHo (16) [13]
Dumontinia L.M. Kohn
Dumontinia tuberosa (Bull.) L. M. Kohn. — Ha kopeHeBuwwax Anemone ranunculoides L. (14) [7]
Monilinia Honey
Monilinia fructigena (Aderh. & Ruhland) Honey y ctagii aHamopdun Monilia fructigena (Pers.) Pers. — Ha onanux nnogax
Malus domestica Borkh. (7)
Rhytismatales M.E. Barr ex Minter
Rhytismataceae Chevall.
Coccomyces De Not.
Coccomyces coronatus (Schumach.) De Not. — Ha onanux nuctkax Quercus robur L. (10, 12)
Colpoma Walir.
Colpoma quercinum (Pers.) Wallr. — Ha cyxux rinkax Quercus robur L. (10)
Lophodermium Chevall.
Lophodermium pinastri (Schrad.) Chevall. — Ha xBoi Pinus sylvestris L. (10, 12)
Rhytisma Fr.
Rhytisma acerinum (Pers.) Fr. y ctagii aHamopdu Melasmia acerina Lév. — Ha nucTtkax Acer platanoides L. (10, 12, 23);
Ha nucTkax Acer tataricum L. (12)
Thelebolales P.F. Cannon
Thelebolaceae (Brumm.) Eckblad
Thelebolus Tode
Thelebolus crustaceus (Fuckel) Kimbr. — Ha ekckpemeHTax ko3u (1); Ha ekckpeMmeHTax koposu (23)
Thelebolus stercoreus Tode — Ha ekckpemeHTax ko3yni (11)
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Pezizomycetes O.E. Erikss. & Winka
Ascobolaceae Boud. ex Sacc.
Ascobolus Pers.
Ascobolus aglaosporus Heimerl — Ha ekckpemeHTax koposu (19) [9]
Ascobolus furfuraceus Pers. — Ha ekckpemeHTax 3anus (11, 19)
Ascobolus immersus Pers. — Ha ekckpemeHTax BiBUj (18); Ha ekckpemeHTax ko3yni (11); Ha ekckpemeHTax koHs (20); Ha
eKcKkpeMeHTax koposwu (2, 5, 10, 16, 17, 20-22) [10]
Ascobolus sacchariferus Brumm. — Ha ekckpemeHTax ko3yni (11)
Saccobolus Boud.
Saccobolus citrinus Boud. & Torrend — Ha ekckpemeHTax koposwu (5, 16, 18-21) [10]
Saccobolus depauperatus (Berk. & Broome) E.C. Hansen — Ha ekckpeMeHTax ko3yni (11)
Saccobolus glaber (Pers.) Lambotte — Ha ekckpemeHTax koHs1 (20); Ha ekckpemeHTax koposu (17, 18) [10]
Saccobolus minimus Velen. — Ha ekckpemeHTax BiBUi (18)
Saccobolus saccoboloides (Seaver) Brumm. — Ha ekckpemeHTax BiBui (18, 22)
Saccobolus truncatus Velen. — Ha ekckpemeHTax koposu (16, 19) [10]
Saccobolus versicolor (P. Karst.) P. Karst. — Ha ekckpemeHTax BiBui (18)
Ascodesmidaceae J. Schrot.
Lasiobolus Sacc.
Lasiobolus intermedius J.L. Bezerra & Kimbr. — Ha ekckpemeHTax kopoBw (5)
Lasiobolus lasioboloides Marchal — Ha ekckpemeHTax BiBLj (18); Ha ekckpeMeHTax ko3yni (12); Ha ekckpemeHTax kopoBu (5)
Lasiobolus microsporus J.L. Bezerra & Kimbr. — Ha ekckpemeHTax ko3u (1)
Trichobolus (Sacc.) Kimbr. & Cain
Trichobolus sphaerosporus Kimbr., in Kimbrough & Korf — Ha ekckpemeHTax ko3yni (11)
Helvellaceae Fr.
Helvella L.
Helvella crispa (Scop.) Fr. — Ha rpyHTi (8) [7]
Helvella elastica Bull. — Ha r'pyHTi (8) [7]
Helvella macropus Bull. — Ha rpyHTi (19) [7]
Morchellaceae H.G.L. Reichenbach
Morchella Dill. ex Pers.
Morchella esculenta (L.) Pers. (= Morchella conica Pers.) — Ha rpyHTi (25) [7]
Verpa Sw.
Verpa bohemica (Krombh.) J. Schrét. — Ha rpyHTi (25) [7]
Pezizaceae Dumort.
lodophanus Korf
lodophanus carneus (Pers.) Korf — Ha ekckpemeHTax BiBLi (22); Ha ekckpeMeHTax ko3u (1); Ha ekckpeMeHTax ko3yni (12);
Ha ekckpemeHTax KoHs (20); Ha ekckpemeHTax koposu (5, 7, 11, 16, 17, 19-21, 24) [10]
lodophanus difformis (P. Karst.) Kimbr., Luck-Allen & Cain — Ha ekckpemeHTax BiBLi (18); Ha ekckpemeHTax ko3yni (12);
Ha ekckpemeHTax koposu (10, 19) [10]
lodophanus verrucisporus (P.W. Graff) Kimbr., Luck-Allen & Cain — Ha ekckpemeHTax koposu (19) [10]
Legaliana Van Vooren
Legaliana badia (Pers.) Van Vooren (= Peziza badia Pers.) — Ha r'pyHTi (8) [7]
Peziza Dill. ex Fr.
Peziza fimeti (Fuckel) E.C. Hansen — Ha ekckpemeHTax KoHsl (2)
Plicaria Fuckel
Plicaria trachycarpa (Curr.) Boud. — Ha cTapomMy KocTpuLyi (6).
Pyronemataceae Corda
Aleuria Fuckel
Aleuria aurantia (Pers.) Fuckel — Ha r'pyHTi (15) [7]
Anthracobia Boud.
Anthracobia melaloma (Alb. & Schwein.) Arnould — Ha cTapomy KocTpuLui (6)
Humaria Fuckel
Humaria hemisphaerica (F.H. Wigg.) Fuckel — Ha rpyHTi (12)
Scutellinia (Cooke) Lambotte
Scutellinia crinita (Bulliard) Lambotte — Ha TpyxnsaBini gepesuHi (11)
Rhizinaceae Bonord.
Rhizina Fr.
Rhizina undulata Fr. (= Rhizina inflata Schaeff.) — Ha rpyHTi (13) [7]
Sarcoscyphaceae LeGal ex Eckblad
Sarcoscypha (Fr.) Boud.
Sarcoscypha coccinea (Gray) Boud. — Ha onanux rinkax nuctaHux gepes (25) [7]
Sarcosomataceae Kobayasi
Urnula Fr.
Urnula craterium (Schwein.) Fr. — Ha rHMnin, 3aHypeHin y rpyHT aepeBuHi (12)
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Pezizales genera incertae sedis
Coprotus Korfex Korf & Kimbr.
Coprotus disculus Kimbr. — Ha ekckpeMeHTax BiBLj (18); Ha ekckpeMeHTax kopoBw (23)
Coprotus lacteus (Cooke & W. Phillips) Kimbr., Luck-Allen & Cain — Ha ekckpemeHTax koposu (20) [10]

Coprotus luteus Kimbr. — Ha ekckpeMeHTax KoHs (2)

Coprotus niveus (Fuckel) Kimbr., Luck-Allen & Cain — Ha ekckpemeHTax KoHsl (20)
Coprotus sexdecimsporus (P. Crouan & H. Crouan) Kimbr. & Korf — Ha ekckpeMeHTax BiBLi (20); Ha ekckpemeHTax 3anus (12);
Ha ekckpemeHTax koayni (11); Ha ekckpeMeHTax koposw (2, 17, 19) [10]

3rigHo i3 NpoBeAeHMMU BNacHUMM OOCHIMXKEHHAMU Ta
aHanisom onybnikoBaHux niTepaTypHUX Qxepen Ans Tepu-
Topii MeTbmaHcbkoro HIMIM Hapasi Bigomo 63 Buan guc-
komiueTiB i3 36 pogais, 19 poawvH, 4 nopsakis. Lli Buan Hane-
XaTb 0o [OBOX knaciB AuckomiuetiB:  Leotiomycetes
(25 Bugis i3 17 popis) Ta Pezizomycetes (38 BuaiB i3
19 pogis). Posnogin Buaie auckomiueTiB eTbMaHCLKOro
HIIM 3a TakcoHamMW BUCOKMX paHriB (BKMOYauM poauHn)
nogaHo y Tabn. 1.

Bugn Pezizomycetes [OMiHYOTb Yy TakCOHOMIYHOMY
cnekTpi guckomiueTie MetbmaHcbkoro HIMIM Ta npeacrasneHi
TYT €AMHUM nopsinkoM Pezizales. Cepen poavH 3a KinbKicTo
BUAIB Ta IXHiX 3Haxigok Ham4dmcneHHiwow € Ascobolaceae,
ska Bkniodae 11 Buais. Lle npeactaBHMKM OBOX i3 TPbOX
HanbinbWnx pogis poanHu [18]: Ascobolus (4 Buawn) i Sac-
cobolus (7). Cnig 3a3HauuTy, WO i3 NnpeacTaBHukiB Theco-
theus, nowwmpeHoro B YkpaiHi pogy ackobonosux [24], y
napky Hapasi He 6yno 3apeecTpoBaHO oaHoro Buay. Lle
OBi  HaMbINblWi pPOAVHU ONEPKYNSATHUX OWCKOMILETIB —
Pezizaceae Ta Pyronemataceae — penpeseHTOBaHi 6 Ta
4 Bupamu, BignosigHo. Hambinblui 3a KinbkicTio BUAIB Ta
pPO3MOBCIOAXEHI Y CBITi poau i3 LMX ABOX poauH — Peziza Ta
Scutellinia [25] — npeacTaBneHi y napky nuiie nooguHOKMMM

3Haxigkamu. PogmHa Ascodesmidaceae HapaxoBye 4o-
TMpW BUAM i3 ABOX pogaiB — Lasiobolus i Trichobolus. 3 Takunx
poauH, sik Helvellaceae Ta Morchellaceae, ski npeacrasneHi
3HAYHOK KINbKICTIO BMAIB Yy CBIiTOBI MikoGioTi [25], BMsB-
NeHo nuwe Tpu Ta ABa BMUAW, BiANOBIAHO. IHWI poanHu pe-
Nnpe3eHTOoBaHi y NapKy OAMHUYHUMW BUOAMM.

Knac Leotiomycetes npeacrasneHuin Ha TepuTopii [eTb-
mMaHcbkoro HIMMM Tpboma nopsigkamu: Helotiales — 19 Bugis,
Rhytismatales — 4 i Thelebolales — 2. Cepen poauH neo-
TiomiueTiB KiNbKiCHO nepeBaxarTb Helotiaceae,
Mollisiaceae Ta Rhytismataceae. PoguHa Helotiaceae, sika
y cBiToBOMYy MacwTabi Bkroyae noHag 500 Bugis i3
33 pogis [18], y eTbmaHcbkomy HII Hapasi HapaxoBye
5 BMAiB nuwe ogHoro HanbinbLWoro poay poauHu — Hyme-
noscyphus. 3 poguHn Mollisiaceae y napky BUSIBNEHO YO-
TMpU BUAM i3 ABOX 4ucrnieHHux pogi: Mollisia i Tapesia.
3 poavHu Rhytismataceae 3apeectpoBaHO 4OTUpPY BUAM i3
YOTUPLOX pofiB. Jlule NOOAMHOKUMW 3Haxigkamu penpe-
3EHTOBaHi Ha TepuTOopIl HaUioOHaNbLHOro MapKy Taki BeruKi
poauHu neotiomiueTiB, sk Hyaloscyphaceae, Lachnaceae
Ta Pezizellaceae. Hapasi Ha TepuTopii napky BoHW penpe-
3€HTOBaHi O4HUM—[BOMa BUAAMW.

Ta6nuys 1. TakcoHOMiYHa CTPYKTypa BUAOBOIO CKnaay Ta po3noain Buais auckomiuetie FeTbmaHcbkoro HIM

TakcoH

KinbkicTb
poaiB | Buais

LEOTIOMYCETES
Helotiales
Cenangiaceae
Gelatinodiscaceae
Helotiaceae
Hyaloscyphaceae
Lachnaceae
Mollisiaceae
Pezizellaceae
Sclerotiniaceae
Rhytismatales
Rhytismataceae
Thelebolales
Thelebolaceae

PEZIZOMYCETES
Pezizales
Ascobolaceae
Ascodesmidaceae
Helvellaceae
Morchellaceae
Pezizaceae
Pyronemataceae
Rhizinaceae
Sarcoscyphaceae
Sarcosomataceae
Incertae sedis
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Ekonoro-TpodhiyHa CTpykTypa BCTAHOBIIEHOrO BUAOBOrO
cknapy rpubie € gocuTb pisHOMaHiTHOW. Ha TepuTopii eTb-
MaHcbkoro HIM BusiBneHO BMAOW OUCKOMILETIB i3 pi3HOO
TONIYHOK NPUYPOYEHICTIO Ta TpochivHOI crneuianisauieto (ca-
npoTpodHo, remibioTpodHoto, GioTpodHoto). Cnig 3a3Ha-
YUTK, LWLO TPaAULIHWIA NOAIN rpmnbiB Ha TPOMiYHI rpynn, SIKMIA
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IPYHTYETbCS Ha CMOCObi iXHBOro >XMBIIEHHS, Ma€ HU3KY
CKnagHoLUIB i HegonikiB. 3acTocyBaHHSA TPOdiYHOro miaxoay
00 knacudikauii rpmbiB 4Yacto nepenbayae po3B'sizaHHsI
HM3KN MPOBNEMHUX MUTaHb, cepen SKNX: peanisauis pisHuX
CTpaTerin XUBMEHHA Ans Pi3HMX cTagin y nneomopdHux
BMAIB rpubiB; 3MiHa CnNocoby XMBMEHHS Ha Pi3HUX eTanax
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XWUTTEBOTO LMKMY; BIOKPUTTA Y Aesdkux BuAiB rpubis HOBMX,
paHile He BiAOMMX ANsl HAX TPOMIYHMX O3HaK. 3 ornsaay Ha
Lie y Hawin po6oTi M1 BUPILLMIM OOMEXUTUCA NLLIE TOMIYHUM
nigxodoMm i npoaHanisyBaTu po3noAin BuAiB AUCKOMILETIB
BMKITIOYHO 32 IXHBOK CyOCTpPaTHO NPUYPOYEHICTHO.

Omxe, Ha TepuTtopii MeTbMaHcbkoro HIIM Hapasi BusB-
NeHOo NpeacTaBHUKIB ceMu cybeTpaTHUX rpyn: keunodinu,
dinodinu, repbodinu, kapnodinu, egadodinm, nipodinu
Ta konpodinu (tabn. 2).

HaruncneHHiwow cybcTpaTHO rpynoto € KonpodinbHi
auckomiueTn, gki HanidylTb y napky 26 sugis. Lle ne-
peaycim 0OyMOBMEHO LiNecnpsiMoBaHUM BUBYEHHSIM L€l
rpynu rpubis, ske nposogunock y etemaHcbkomy HIM
npoTArom kinbkox pokis [10]. BusieneHi Buan € nepesaxHoO
KOCMOMOMITHUMM KONPOMifbHUMU ANCKOMILETaMM i3 LumMpo-
KO cyOcTpaTHOW npuypoyeHicTio. ManonowwmpeHi Ta
piaKicCHi BUAM NpakTU4HO He 3adikcoBaHi. BuknioyeHHs cTa-
HOBUTb lodophanus verrucisporus, Skuin ynepwe 0OyB 3a-
peecTpoBaHuin came Ha Teputopii FeTbMaHcbkoro HIMM [10]
i NOKM LLLO He BiOMMIA 3 iHLLMX perioHiB YkpaiHu. Cnig Takox
3a3Ha4UTK, WO TFOMOBHUM OCEPEOKOM MOLUMPEHHS KO-
NPOMIiNbHUX ANCKOMILIETIB Y NapKy € NOCif CBINCbKUX BU-
NacHUX KOMUTHUX TBAPUH. IXHi KOMPOMM Y 3HAYHIN KiNbKOCTI
TPannATLCS y MiCOBUX | Ny4yHUX GioTonax napky, sk ak-
TMBHO BMKOPUCTOBYIOTLCS MiCLIEBMM HaceneHHsaM Ans Bu-
nacaHHs Ta neperaHsHHA Xyaobu. Y nicoBux ditoueHosax,

KpiM TOro, NOLUMPEHHIO KOnpodinis CrnpusoTe Auki Tpa-
BOIZIHi TBApMHM (KO3yni Ta 3anL,i).

I3 kcunodpinis y perioHi gocnigpkeHb 3apeecTpoBaHi
14 BuaiB AMckoMiLeTiB. 3Baxaloun Ha NiCUCTUIA XapaKkTep
POCIMHHOIO MOKPUBY NapKy 3i 3HAYHOM KiNbKiCTO npuaaTt-
HOro Ans po3BWUTKY AMCKOMILETIB AepeBHOro cybcTpary,
Len MoKasHWK € AyXe HEeBWUCOKMM i CBiguYuTb NMpo Hepo-
CTaTHIO BUBYEHICTb 3a3Ha4YeHOi rpyny AUCKOMILETIB.

Jlnwe 10 Bugis BkntoYvae rpyna egadpodinis, Kyan Hane-
XaTb NpeaCcTaBHVKW, NMOAOBI Tina Sknx Oynu BUSBNEHi Ha
r'pyHTi. 3a TpodiyHMMM O3HaKamMu Us Fpyna He € of-
HOPIQHOI Ta BKIOYaE SK NPeACcTaBHUKIB i3 canpoTpodHO
cTpaterielo  kuBneHHss (Helvella crispa, H. elastica,
H. macropus, Legaliana (Peziza) badia, Aleuria aurantica,
Humaria hemisphaerica), Tak i Buam i3 6iotpocdHumM cnoco-
OoM >xuBneHHs — napas3utudHum (Dumontinia tuberosa,
Rhizina undulata) abo, imoBipHo, mikopusHum (Morchella es-
culenta, Verpa bohemica).

Cepen inoginbHMX AUCKOMILETIB  HaAWYUCNEH-
HiWnMK € canpoTpodHi Buam (Hymenoscyphus caudatus,
H. phyllophillus, Cenangium acuum, Coccomyces coro-
natus) i ABa NpeACcTaBHUKK 3 reMibioTpodHO cTpaTerieto
XusneHHs (Lophodermium pinastri, Rhytisma acerinum).
3 iHWKnX cybcTpaTHUX rpyn ANCKOMILETIB BUSBIEHO NuLLe
no ABa—Tpu BUAMU.

Ta6nuys 2. Po3noain BuaiB auckomiueTiB FeTbMaHcbkoro HIM 3a cy6ecTpaTHMMK rpynamum

PoauHa Kcunodinu | ®inodinu

Fep6odinu | Kapnodinm

Epadodinu | Mipodinu | Konpodinu

Ascobolaceae
Ascodesmidaceae
Cenangiaceae 1
Gelatinodiscaceae 1
Helotiaceae 2
Helvellaceae
Hyaloscyphaceae
Lachnaceae 2
Mollisiaceae 4
Morchellaceae
Pezizaceae
Pezizellaceae 2
Pyronemataceae 1
Rhizinaceae
Rhytismataceae 1 3
Sarcoscyphaceae 1
Sarcosomataceae 1
Sclerotiniaceae
Thelebolaceae
Genera incertae sedis

N

11
4

2
5

BucHoBku. OTpumaHi pesynbTaTi BKasyloTb Ha Te, WO
Ha cborogHi 6iota auckomiueTiB MeTbMmaHcbkoro HIM go-
cnifxeHa HenoBHO Ta HepiBHOMIpHO. HaBeaeHun y cratTi
CMMCOK BUAIB penpes3eHTye NnuLie YacTUHY iXHbOro MOXMu-
BOro BUAOBOrO Pi3HOMaHITTA. HegoctatHbo BUBYEHUMA TYT
3anuwaTbCs Taki BEMNWKI pOAMHU aucKomileTiB, sk Helvel-
laceae, Hyaloscyphaceae, Morchellaceae, Pezizaceae,
Pezizellaceae Ta Pyronemataceae. HegoctaTtHbO BUBYEHI
Takox poau Ascobolus, Helvella, Hymenoscyphus,
Lachnum, Mollisia, Morchella, Peziza, Scutellinia, Tapesia.
Bpakye BigomocTen LWOAO rpynu iHOMEPKYNATHUX Anc-
KoMmiueTiB. Ha TepuTtopii napky Ha cborogHi He Oyno 3a-
PEECTPOBAHO XOAHOro NPEeACTaBHMKA TaKMX MOLUMPEHUX B
YkpaiHi pogiB, sk Chlorociboria, Ombrophila, Orbilia,
Pezizella, Pyrenopeziza, Rutstroemia.

Cepep ekomnoriyHMx rpyn Havkpaiie OOCNiMKEHUMUN y
napky Hapasi € KonpodinbHi guckomiuetn. HegoctaTtHbO
BMBYEHUMM 3anuLaloTbCa HarpyHToBi Ta MipodinbHi Anc-
KOMiLleTw, BiaCYyTHI AaHi npo GpiodhinbHi Ta MikodinbHi BUAW.

ISSN 1728-2748

MoBHIiCTIO BigCYTHI AaHi Npo rpyny rinorenHux rpubis, 30-
Kpema npo Buamn poguHu Tuberaceae (Pezizales), abo Tpto-
deni, i3 BNacTMBMMK iM BTOPUHHO 3aMKHEHUMM Nig3eMHUMN
ackoMamu 3 piskuM crneundidHum 3anaxom. Finorerni rpubu
BBAXXAlOTbCS PiAKICHUMU, 3HAXiAKM IXHIX NO40BKMX Tin nepe-
Ba)XHO € BMNagKOBMMU, MPOTE 5K EKTOMIKOPW3HI acoLiaHTu
OepeBHUX Nopig i YarapHWKIB BOHW € BaXXnMBuUM hakTopoM
(bYHKLiOHYBaHHSA €KOCUCTEM Ta OCHOBHUM 06'€KTOM Yy Mpo-
rpamax nicoBigHoBneHHs [26]. Y maibyTHbOMY Takox ocob-
nuBy yBary cnig 3ocepeouTv Ha BUBYEHHI DITOTPOHUX
npeacTaBHUKIB AUCKOMILIETIB i3 pi3HMX CyGCTpaTHUX rpyn.
Omxe, pocnigXeHHs1 MikobioTu TepuTopii MeTbMaHCbKOro
HMM sanuwaeTbcs akTyanbHUM. 3aBAsKU Pi3HOMaHITTIO
6ioToNiB i CTyNEHI0 iXHBbOI 36epexeHOCTi HaUioHanbHNIA Napk
€ NEepCrneKTVBHO MOAENbBHOK TEPUTOPIEID Arsi NPOBEAEHHS
noaanbLUnX crneLianidaoBaHnUX MiKOMOTiYHMX OOCHiIKEHb.
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CURRENT STATUS AND PROSPECTS OF RESEARCH ON DISCOMYCYTES
OF THE HETMANSKYI NATIONAL NATURE PARK

The species diversity and distribution of discomycetes of the Hetmanskyi National Nature Park (Hetmanskyi NNP) (Okhtyrskyi district, Sumi
region) have been studied. As a result of generalization of own data and analysis of published literature sources 63 species of discomycetes belonging
to 36 genera, 19 families, 4 orders and two classes are given: Leotiomycetes — 25 species from 17 genera, Pezizomycetes — 38 species from 19 genera.
Among the most numerous orders are Pezizales — 37 species and Helotiales — 13. The family spectrum is dominated by Ascobolaceae — 11 species,
Pezizaceae - 6 species, Helotiaceae — 5 species, Ascodesmidaceae, Mollisiaceae, Pyronemataceae and Rhytismataceae. These dominating species
make 62.3 % of the total number of discomycetes registered in the study area. The article provides an annotated list of relevant species of fungi and
associated host plants and nutrient substrates. On the territory of the Hetmanskyi NNP the coprophilous discomycete lodophanus verrucisporus
(P.W. Graff) Kimbr., Luck-Allen & Cain was discovered for the first time in Ukraine. Among the registered species, the vast majority belong to the
substrate groups of dung-inhabiting ascomycetes (26 species), xylophiles (14), edaphophiles (10) and phyllophiles (6). The prospects of further my-
cological research on the territory of the Hetmanskyi NNP are shown, during which special attention should be paid to the study of certain ecological
(bryophilic, pyrophilic, mycophilic, humic) and taxonomic (Helvellaceae, Hyaloscyphaceae, Morchellaceae, Orbiliaceae, Pezizaceae, Pyronemataceae,
Tuberaceae) groups of discomycetes.

Keywords: Ukraine, Sumy region, protected areas, biodiversity, fungi, species composition, Ascomycota.
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PATTERNS OF THE INFLUENCE OF VACCINATION ON THE DYNAMICS
OF DIFFERENT SARS-COV-2 VARIANTS SPREAD. TWO-YEAR ANALYSIS

The new coronavirus, now known as SARS-CoV-2, has attracted the attention of thousands of scientists around the world. This
attention is primarily due to the significant impact of this pathogen on the economic and social aspects of the existence of a large
number of people. Rapid and powerful anti-epidemic measures in most countries have led to a slowdown in the pandemic. And
with the creation of a number of effective vaccines against SARS-CoV-2, we have learned to counteract its spread in the field of
resistance of each individual. Which obviously created an additional selection factor. And according to the classical concept of the
host-parasite system, human impact on SARS-CoV-2 theoretically requires appropriate adaptive changes of the latter.

In this work, by analyzing the statistical data available in open sources, we try to identify and study the existing patterns of the
impact of vaccination on the dynamics of the spread of different SARS-CoV-2 variants for the period from the beginning of the

pandemic to November 2021.

Keywords: SARS-CoV-2, variant Delta, coronavirus, vaccination.

Introduction. SARS-CoV-2 is a new coronavirus be-
lieved to have originated in late 2019 in Wuhan (People's
Republic of China). The virus spread rapidly around the
world and on March 11, 2020, the World Health Organization
(WHO) officially declared a pandemic [1]. As of November 29,
2021, the number of reported cases of COVID19 exceeds
261 million (of which 5.2 million died) worldwide [2].
Ukraine ranks 6th in the world in terms of the number of
registered cases of this disease (3,595,410 cases and
90,673 deaths). Just for comparison, the SARS-CoV virus
in 2002-2003 infected about 8,500 people in 27 countries
and caused 866 deaths [3].

Due to the rapid and steady spread of this pathogen,
there is a need for effective means to combat it. Accordingly,
effective vaccines were developed fairly quickly [4]. The
mechanism of action of which is to modulate the immune
response of each vaccinated person, which gradually leads
to an increase in resistance to SARS-CoV-2 in the entire
population, although, in most cases, immunity is short-lived.
However, along with the obvious advantages of this
approach (especially over inactivity), such as the gradual re-
duction of morbidity and mortality, vaccination is an addi-
tional potent positive selection factor for this virus that can
potentially further stimulate SARS-CoV-2 to evolve toward
counteracting the immune response [5, 6]. At the same time,
we observe different rates of increase in the level of vaccina-
tion of the population for different countries. There may be
populations with a low level of group immunity along with
highly resistant populations. And given the degree of devel-
opment of the modern transport system, even distant popu-
lations are, to some extent, close [7]. Thus, SARS-CoV-2
faces a very heterogeneous host population. In such con-
ditions, the formation of new strains of the already known
virus is a logical and probable phenomenon [8]. However,
the further direction of the development of such variants
remains unpredictable, due to the huge number of factors
that may affect this process.

Moreover, analysis of available statistics has the poten-
tial to improve our understanding of the prevailing evolution-
ary developments to which SARS-CoV-2 is exposed as it
expands in the human population.

As of November 2021, the Delta is the most common
variant of SARS-CoV-2, which in most cases completely
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supplanted other variants of this virus, which was not typical
for other strains [9]. This behavior of the Delta strain indi-
cates a qualitatively new step in the process of adaptation of
this virus to the human population.

Thus, in this study, the regularities of the influence of
vaccination on the dynamics of the spread of different
SARS-CoV-2 variants are studied by means of a compara-
tive analysis of information on changes in the epidemic situ-
ation and the peculiarities of the dynamics of detection of the
Delta variant along with other strains from the beginning of
the pandemic to November 2021.

Approach. The following resources were used as the
main source of statistically significant information: CoVari-
ants, The Johns Hopkins Coronavirus Resource Center and
Our World in Data [10, 2, 11]. Each selected country was
analyzed according to four parameters: the dynamics of the
spread of different variants of SARS-CoV-2 and their inter-
action, the dynamics of the epidemic situation in the country,
the speed and features of vaccination of the population and
anti-disease measures, which were followed by changes in
population mobility. Google COVID-19 Community Mobility
Reports was used to evaluate the latter [12].

Results and discussion. Three countries were selected
as the object of the study: India, Germany and Ukraine.
Each of them was chosen based on their socio-economic
characteristics. Germany is a representative of economically
developed countries. Its economy is the most powerful
among the countries of the European Union [13]. Ukraine
and India are developing countries. However, they differ
greatly in demographic, cultural and social parameters. In
addition, India was one of the first countries where the Delta
strain was discovered [14].

Analysis of the dynamics of the spread of SARS-CoV-2
strains in India, showed that the Delta variant was registered
for the first time in India in August 2020. However, its ap-
pearance in that period did not lead to the displacement of
other strains. On the contrary, he was ousted. Further, in
October-November there was a slight increase in the share
of sequences of this variant (Fig. 1).

© Zaremba A., Zaremba P., Budzanivska l., Zahorodnia S., 2022
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Fig. 1. Changes in the proportion of sequences of different variants of SARS-CoV-2 in India [10]

This rise lasted for a relatively short period of time and was
quickly replaced by another rise in December 2020 —
January 2021. Here, along with the Delta variant, the Alpha
variant began to spread. You can see how both of these vari-
ants coexist in one period of time. A similar situation is ob-
served in the next rise, which lasted from the end of the
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previous one to May 2021. The only difference is in the scale
— dominant strains almost completely supplanted the other
variants, as well as the Kappa variant, which for some time
was more represented in the SARS-CoV-2 population than
the Delta variant. However, as early as mid-March, the latter
began to displace other strains — first Alpha, and then Kappa.
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Fig. 2. Dependence of mortality (a) and morbidity (b) on time in India [2]

As can be seen from Fig. 2 at the time of the research,
India has experienced two waves of aggravation of the epi-
demic situation. The first lasted from June to January 2020
and was caused by the original variant of SARS-CoV-2. The
second wave was characterized by a much higher level of
morbidity and mortality and lasted from late March to
June 2021. It was during this period that the Delta strain be-
gan to displace other variants. Its spread has led to such an
exacerbation of the epidemic situation in this country.

® Fully vaccinated 4 Atleast one dose

80%
60%
40%
20%

0% T

Vaccination in India began in early March (Fig. 3) (the
first dose was received by >1 % of the population) and from
the beginning was characterized by a significant gap in the
number of people who received two doses of vaccine and
those who received one. At the time of the study, the gap
between the two numbers is a quarter of the country's pop-
ulation. Actually, the dynamics of vaccination is character-
ized by a fairly low rate of increase in population resistance.

//‘

1 Apr 2021

1Jul 2021

T T
10ct 2021

Fig. 3. Increasing the share of vaccinated population over time in India [11]

Almost from the beginning of the pandemic, India intro-
duced powerful anti-COVID measures (Fig. 4), which dur-
ing the first wave led to almost complete immobilization of
the population at the time of active spread of the pathogen.
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In the future, these measures were apparently weakened
and starting from October 2021 population movements
have reached baseline.
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Fig. 4. Changes in population mobility over time in India [12]

Thus, two waves of exacerbation of the epidemic situa-
tion in India were caused by different variants of SARS-CoV-2.
In addition, they differed in the degree of danger — the first
was characterized by a relatively slow increase in morbidity
and mortality and the same slow decline, the second pro-
gressed rapidly and was several times more powerful, alt-
hough also shorter. The behavior of the first wave can be
explained by a sharp decrease in the effectiveness of the
spread of the pathogen in the host population. This was
caused by powerful anti-COVID measures introduced be-
fore the mass distribution of SARS-CoV-2 among the popu-
lation [15]. In some respects a different situation is observed
in the case of the second wave. In the months leading up to
its inception, anti-epidemic measures were significantly
weakened, leading to the rapid spread of Alpha, Kappa and
Delta variants among the population, which, however, did
not cause an increase in morbidity [15]. Only from
March 2021 a sharp rise in morbidity can be seen. It was
during this period that the Delta strain began to actively dis-
place other variants. However, another interesting fact is
that a few weeks before the aggravation of the situation, the
population of India started vaccination. After the start of the
second wave, tougher anti-COVID measures were returned
to the country, as well as accelerated vaccination of the

E= Germany

population. That together with the gradual increase in popu-
lation resistance due to the rapid natural transmission of the
infection resulted in a rapid attenuation of the outbreak [16].

Therefore, taking into account the peculiarities of the
spread of the Delta variant, the epidemic situation and vac-
cination, it is possible to observe a certain coincidence be-
tween the dominance of the mentioned variant and the be-
ginning of vaccination. A scenario in which variants more
vulnerable to a vaccine-induced immune response pave the
way to a less vulnerable one seems likely [17].

Analysis of the dynamics of the spread of strains in Ger-
many (Fig. 5), showed that the Delta variant in this country
was sequenced in late April 2020 for the first time. Like in
India, this strain did not displace all other variants immedi-
ately after invasion. And, to some extent, it was replaced by
other, obviously more successful in specific conditions, var-
iants [17]. Moreover, in this case, the Delta strain was almost
not observed in the host population for a long period of time.
Between October 2020 and May 2021, strains Alpha, EU1
and EU2, as well as variants 98F and 439K dominated.
Then, starting from June 2021 the Delta variant very quickly,
literally at one point, supplanted the Alpha strain main at the
time and became dominant.
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Fig. 5. Changes in the proportion of sequences of different variants of SARS-CoV-2 in Germany [10]

As can be seen in Fig. 6 the first wave of morbidity in
Germany was short-lived and mild, with mortality dispro-
portionately high during this period. This wave lasted from
March to April 2020. The next rise in morbidity began in
October 2020 and lasted with varying intensity until
June 2021. Despite the similar level of morbidity in the two
sub-peaks that make up this wave, the mortality rate
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differed several times — the first part was much more in-
tense. At the time of the study, Germany is experiencing
the third wave, which began in August 2021 and in terms
of morbidity, it several times exceeded all previous out-
breaks. However, the mortality rate has not experienced
such a serious increase and is generally at the level of the
second part of the second wave.



~ 42 ~

B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

2,000

1,500

1,000

500

1Jan 2021 1Jul 2021

1Jul 2020

90,000

60,000

30,000

120,000

b

J —
1.Jul 2020 1Jan 2021 1Jul 2021

Fig. 6. Dependence of mortality (a) and morbidity (b) on time in Germany [2]

Vaccination in Germany began in February 2021 and
was characterized by a rapid increase in the number of
vaccinated persons. From April to August, both doses were
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given to 50 % of the population. After that, this indicator
began to grow more slowly and at the time of the research
was 70 % (Fig. 7).

1Jan 2021 1 Apr 2021

T
1Jul 2021

T
1 0ct 2021

Fig. 7. Increasing the share of vaccinated population over time in Germany [11]

Similar to India, Germany has imposed strong anti-epi-
demic measures from the beginning (Fig. 8). Which led to
a significant reduction in population movements. After the
first lockdown, which occurred in the first wave of the dis-
ease and lasted from March to July 2020 for three months,

+30%
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-30%
-60%

-90%

1
1Jul 2020

1
1Jan 2021

population mobility has reached close to baseline levels.
With the beginning of the second wave began the second
lockdown, which lasted until June 2021. Closer to the time
of the research Germany no longer imposed significant re-
strictions on movement.

1
1Jul 2021

Fig. 8. Changes in population mobility over time in Germany [12]

Thus, in Germany, as in India, all waves of disease were
caused by different variants of SARS-CoV-2. The first, short
one, was observed during the initial penetration of the virus
into the human population and was relatively insignificant
due to powerful and effective anti-COVID measures intro-
duced in the country since the beginning of the pandemic
[15]. The second wave was much larger and at the same
time heterogeneous. The first powerful and dangerous rise
was caused by EU1, EU2, 98F and 439K variants. After that,
there was some reduction in morbidity with subsequent rise.
During this period the Alpha variant became widespread. In
addition, this period marks the beginning of an active vac-
cination program in Germany. Therefore, it is clear that
there is a significant difference in the duration and danger
of the end of the second wave compared to its beginning.
The massive increase in population resistance has miti-
gated the effects of each individual's infection and has led
to the cessation of the spread of the pathogen [16]. In the
process of extinguishing this outbreak, the Delta variant
quickly supplanted the Alpha variant and remained the only
strain circulating in Germany. A few months later, after a
significant easing of anti-epidemic measures, this option
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caused the third, most powerful wave of morbidity, which,
however, is characterized by a relatively low mortality rate.
What can be explained by analogy with the Alpha variant by
the presence of a significant level of individual resistance
obtained as a result of vaccination.

In this case, the Delta variant, like in India, also did not
dominate the population immediately after its appearance.
Moreover, it was completely displaced for a long time. Until
the beginning of the growth of group immunity accelerated
by the use of vaccines. The high immunity of the population
despite the spread of the Delta variant led to the suppression
of the spread of SARS-CoV-2 in general [16]. However, over
time, the weakening of post-infectious immunity, increasing
mobility of the population and the approach of the winter pe-
riod in which the pattern of human contact changes, the
Delta strain has aggravated the epidemic situation [18].

According to Fig. 9 until December 2020 Ukraine has
not encountered any of the variants that require special su-
pervision. Since the beginning of winter, when in Europe
and, in particular, in Germany, variants EU1, 98F and 439K
have become widespread. In our country, they were repre-
sented by a very small proportion and were short-lived.
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Starting from January 2021 the Alpha variant rapidly sup-
planted other strains and became dominant until June.
When, in turn, was replaced by the Delta variant. At the
same time, in the summer months of 2021 after the com-
plete displacement of the Alpha variant, there is a short-

B Ukraine
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term increase in its share in the pool of sequences of
Ukrainian origin in GISAID [19]. What can be attributed to
the seasonal increase in labor and tourist migration of the
population of our country [20].
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Fig. 9. Changes in the proportion of sequences of different variants of SARS-CoV-2 in Ukraine [10]

In terms of the dynamics of the epidemic situation, the
first wave of morbidity in Ukraine began in September and
ended in January 2020. It was characterized by a signifi-
cant increase in both morbidity and mortality. Without re-
ducing to baseline, it moved to the second one, which in
turn lasted from February to May 2021. Mortality
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parameters were corresponding. After a long period of sig-
nificant reduction in morbidity in the summer months, the
third wave began — more powerful and dangerous than in
the past. It continues at the time of the study, although it is
clearly on the decline (Fig. 10).

1Jul 2020 1Jan 2021 1Jul 2021

Fig. 10. Dependence of mortality (a) and morbidity (b) on time in Ukraine [2]

Active vaccination in Ukraine began in late June 2021
(Fig. 11). Itis characterized by a slow increase in the number
of vaccinated persons, a relatively small gap between those
who received one dose of vaccine and those who received

® Fully vaccinated 4 Atleast one dose

40%
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two. In general, at the time of the research, only a quarter of
the population of our country has received full vaccination,
which is quite low compared to European countries.

1 Apr 2021 1Jul 2021

T
10ct 2021

Fig. 11. Increasing the share of vaccinated population over time in Ukraine [11]

Even before the active spread of SARS-CoV-2 on the
territory of the country, Ukraine introduced powerful anti-
COVID measures. This is confirmed by the dynamics of
changes in population mobility (Fig. 12). However, after the
pandemic escalated, these measures were almost
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completely lifted. And renewed only after the increase in
morbidity during the first and second waves. The situation
was repeated and quarantine was suspended again until
the incidence of the third SARS-CoV-2 outbreak in the
country increased.
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Fig. 12. Changes in population mobility over time in Ukraine [12]

Thus, due to timely and powerful anti-epidemic
measures introduced in Ukraine at the beginning of the pan-
demic, it was possible to avoid a significant increase in the
incidence of SARS-CoV-2, similar to that observed in Ger-
many. Nevertheless, the original strain caused an outbreak
a little later — in the fall of 2020. It was preceded by a long
period of lack of control over population movements, which
was probably the cause of high rates of both morbidity and
mortality [15]. Without a significant improvement in the epi-
demic situation, the first wave passed into the second. The
second wave, however, was caused by another strain — the
Alpha, which very quickly supplanted the original version.
Anti-COVID measures introduced at the beginning of the
first wave, the increase in collective immunity and the ap-
proach of the summer period led to a significant reduction in
the morbidity. As the epidemic situation improved, the Delta
strain began to displace the Alpha variant. It should also be
noted that, although this variant (Delta) was not registered
in Ukraine long before the appearance of other strains (as in
the case of India and Germany), for the first time it was se-
quenced in May 2021 — one month before the active dis-
placement of other variants. Which, however, coincides with
the beginning of the strengthening of collective immunity due
to vaccination. The third wave began rapidly, after several
summer months of high mobility of the country's population.
There were no significant restrictions on the movement of
citizens in the past, which is probably one of the reasons for
the higher morbidity that we can observe at the time of the
study [15]. In addition, the contribution of a relatively low
level of vaccination of the population seems likely — the low
level of resilience of each individual is a probable cause of
high mortality in this case [15].

Generalization. In the case of each of the countries con-
sidered, the Delta strain was present in their territory before
the beginning of its active dominance. It did not displace
other variants immediately. And in the case of Germany, it
disappeared from the population of circulating variants for
more than half a year, giving way to other strains. However,
with increasing population resistance due to vaccination, we
have been able to observe a consistently rapid and confident
displacement of all other SARS-CoV-2 strains by the Delta
variant. This behavior, in our opinion, indicates the emer-
gence of a significant advantage in this variant over others
in the presence of a certain proportion of the vaccinated pop-
ulation in the country. This is highly likely to be due to the
lower suppressive effect of post-vaccination immunity on
this particular strain compared to others, which is primarily
manifested in a greater number of so-called breakthrough
infections [21]. At a more fundamental level, this may be re-
lated to the distinct, possibly unique, antigenic profile char-
acteristic of the Delta variant. The one that allows avoiding
the effect of vaccination-induced individual resistance on a
qualitatively new level. In parallel, in the case of Germany
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and Ukraine, with an increase in the share of the Delta vari-
ant, we can observe an overall decrease in morbidity. Con-
sistent with the proposed hypothesis — the Delta variant, due
to less vulnerability to post-vaccination immunity is able to
circulate for a longer time in the host population. In the case
of India, the displacement of all other strains by the Delta
variant was accompanied by an increase in morbidity, which
can be explained by cultural characteristics and high popu-
lation density [22]. In addition, the low level of morbidity dur-
ing the first wave (and consequently post-infection immu-
nity) and vaccination multiplied by the increase in population
mobility, in our opinion, were crucial.

The situation in the case of Germany is interesting. The
first and second parts of the second wave, in addition to
being caused by different variants of SARS-CoV-2 and
having relatively similar morbidity rates, differed signifi-
cantly in mortality. Relatively low mortality rates are ob-
served in this country in the third wave as well. This feature
of the dynamics of the epidemic situation can be explained
by a sharp increase in the number of vaccinated people.
Thus, despite perhaps not so significant effects on morbid-
ity in general, vaccination can reduce the mortality several
times — significantly reduce the manifestation of life-threat-
ening consequences of COVID19.

However, this effect is observed only at a high level of
vaccination of the population. In the case of its low level, as
in the case of Ukraine and India, we can observe a compa-
rable proportion of deaths. Thus, in our opinion, depending
on the cultural, economic, demographic and other charac-
teristics of the country, there is a certain state of the popula-
tion when vaccination is sufficient to give preference to the
Delta along with other variants and not enough to effectively
reduce mortality from this strain.

Conclusions. The studying of the dynamics of the
spread of different variants of SARS-CoV-2 and compara-
tive analysis of the data with the dynamics of the epidemic
situation in the country, the peculiarities of vaccination and
changes in mobility allowed to identify the following patterns:

1. The rapid displacement of all other variants of
SARS-CoV-2 by the Delta strain in all cases was accompa-
nied by the beginning of active vaccination of the population.

2. The high level of vaccination has had little effect on
the spread of SARS-CoV-2, but has been accompanied by
a significant reduction in mortality.

3. There is a certain level of post-vaccination resistance
of the population, which is sufficient to displace of other var-
iants by the Delta strain and at the same time insufficient to
seriously reduce the likelihood of death.
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"IHcTUTYT Mikpo6ionorii i Bipyconorii im. [I. K. 3a6onotHoro HAH Ykpainn, Kvis, YkpaiHa,
2HaBuyanbHO-HayKOBUM LeHTP "IHCTUTYT Gionorii Ta MeanumHn", KWiBCLKMI HauioHanbHUM yHiBepcuTeT iMmeHi Tapaca LeByeHka, Kuig, YkpaiHa

3AKOHOMIPHOCTI BNNUBY BAKLIMHALLIT 5
HA OUHAMIKY NOLWWPEHHA PIBHUX BAPIAHTIB SARS-COV-2. IBOPIYHUU AHATI3

Hoeuli kopoHaeipyc, HuHi eidomuli sik SARS-CoV-2, npueepHye do cebe yeazy mucsiy Haykoeuie no ecbomy ceimy. llepedycim maka yeaza
noe'sa3aHa 3i 3Ha4YHUM 8MJIUBOM Ub0O20 Namo2eHy Ha eKOHOMIi4YHi ma couianbHi acnekmu icHyeaHHs1 8esTUKOI Kinbkocmi ntodell. LLleudki ma nomyxHi
aHmuenioemi4Hi 3axodu 6inbwocmi KpaiH ynoeinbHUNU memnu naHoemii, a 3i cmeopeHHsM nyny eghekmueHux eakyuH npomu SARS-CoV-2 nrodc-
meo Hasyus10csi IPOoMudisimu (io20 MOWUPEHHIO i y cghepi peaucmeHMHOCMi KOXXHOT OKpeMoi NrodUHU, mMuM caMuM, o4esudHo, cmeopuswu doda-
mkoeuli gpakmop do6opy. 3a Knacu4HOI KOHUenyicro cucmemu 2ocrnodap — napa3um enue 1oduHu Ha SARS-CoV-2 meopemuyHo nompe6ye eidno-
8iOHUX MpucmocysasnbHUX 3MiH ocCmaHHb0o20. LLinsixom aHanisy HasieHUX y 8iOKpumux dxepesiax cmamucmu4HuUx 0aHux aemopu rPornoHo8aHoi cmammi
Hamazanucs ideHmudikyeamu (i eue4umu 3aKOHOMIpHOCMI ennuey eakyuHayil Ha OUHaMiKy NowupeHHs1 pi3Hux eapiaHmie eipycy SARS-CoV-2 3a ne-
piod 8id noyamky naHdemii do nucmonada 2021 p.

Knro4voei crnosa: SARS-CoV-2, eapiaHm [enbma, KOpoHasipyc, eakyuHayis.
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