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STABILITY OF PLANT VIRUS GENOTYPE AND RISK ASSESSMENT FOR ARISING
OF NOVEL VIRUS VARIANTS WITH ELEVATED EPIDEMIC POTENTIAL
IN ANTHROPOGENICALLY TRANSFORMED ENVIRONMENT

HaHnHas paboma nocesiujeHa mModennupoeaHuro MPoOO/NKUMENIbHO20 XPOHUYEecKo20 eo3delicmeusi msiKeslbiIX Memassios,
B8HECEHHbIX 8 2PYHM 8 HEeMOKCUYHbIX KOHUeHmMpayusix, Ha pa3eumue upycHoU UHEeKyUU CUCMEMHO MOPaXKeHHbIX pacmeHull.
Hamu npodeMoHcmpupogaHo omcymcmeue cmamucmu4ecku 00CMoeepHbIX u3MeHeHUl 8 2eHome BTM u nodmeepxdeHa cma-
6unbHocmb 2eHoma PHK-codepxawux eupycoe pacmeHuli nod xpoHu4eckum eo3delicmeuem abuomu4eckux ghakmopoe aH-

mpornoz2eHHO mMpaHcgOopPMUPO8aHHOU OKpYyXaroujeli cpedbl.

This work has been focused on modeling long-term chronic influence of heavy metals applied into soil in subtoxic concentra-
tions on virus infection development in systemically infected plants. Here we have demonstrated the absence of statistically sig-
nificant changes in TMV genome and confirmed high stability of the genome of RNA plant viruses under chronic effect of abiotic

factors of anthropogenically transformed environment.

Introduction. Chronic interplay among abiotic envi-
ronmental factors and higher multicellular organisms and
microorganisms including viruses is insufficiently ex-
plored. Following the examples of viruses, bacteria and
plants it is known that intense short-lived effects of radio-
active irradiation, UV irradiation, various chemical sub-
stances, temperature, etc. may induce genetic changes of
mentioned organisms. However, the outcomes of pro-
longed chronic influence of abiotic environmental factors
on plants and viruses are virtually unknown, — first of all,
due to the difficulties in modeling such experiments.
Meanwhile, the chronic type of interactions is the most
important aspect in evolutionary terms, as it represents a
powerful factor for organisms' variability [1].

In short, it has been established that heavy metal con-
tamination of ecosystems favours plant virus spread [2, 3],
more intense accumulation of viruses by systemically in-
fected plants and delay in the onset of virus-specific symp-
toms [4]. We have also demonstrated positive correlation
between the heavy metal content in soil and virus concen-
tration in tissues of plants grown in such soil [5]. It has
been revealed that bivalent cations of heavy metals may
induce the appearance of the various aggregates of virus
particles in vitro [6]. Long-term virus passaging in heavy
metal-stressed plants has been shown to affect neither
virus infectivity nor the appearance of local virus-specific
symptoms [5, 6].

According to the proposed hypothesis (partially con-
firmed by the outcomes of laboratory and small-scale field
experiments), chronic effect of abiotic environmental stress
factors leading to intensification of plant virus infection de-
velopment may also contribute to genetic changes of RNA
viruses of plants invoking further alterations of their biologic
characteristics (in terms of the host range, symptoms' se-
verity, pathogen's virulence). This, in turn, may be reflected
at the population level in the form of more wide spread of
virus infections in the ecosystems.

This work has been focused on modeling long-term
chronic influence of heavy metals applied into soil in sub-
toxic concentrations on virus infection development in sys-
temically infected plants for further assessment of probabil-
ity of appearance/generation/prevalence of novel/mutated

virus variants. Such variants may possess different biologi-
cal characteristics posing certain threat in terms of elevated
virulence or more severe symptoms, efficient spread, etc.

Materials and methods. In this work we have em-
ployed a well-studied model system "Tobacco mosaic virus
— Nicotianatabacum cv. Samsun plants". Tobacco plants
inoculation was done mechanically at the stage of four true
leaves [7]. The following generations of experimental plants
were inoculated using homogenate obtained from previous
generations of plants of the respective group. Such proce-
dure was repeated every time when inoculating plants. In
such a way we have passed the virus three times (four
generations of plants were used in total), and the duration
of the experiment has totaled to 16 months. Plant samples
from each generation were checked for virus presence and
relative content via indirect ELISA [8] using specific anti-
TMV polyclonal rabbit antisera. ELISA data (not shown
here for the lack of space) confirmed stable virus transmis-
sion to the subsequent plant generations.

Further, we have analyzed possible molecular and evo-
lutionary changes in virus genotype and the preservation of
its genetic information to study the adaptation of the organ-
isms to changing environmental conditions, as well as co-
evolution of the parasite and its host using the 'plant-virus'
model system under effect of anthropogenic stress factors.

Ten plants from the each experimental group were
used for total RNA extraction using RNeasyPlantMinikit
(Qiagen, UK) following the manufacturer's recommenda-
tions. RNA samples were further used for the RT-PCR am-
plification of cDNA (using specific primers and One-step-
RT-PCR kit (Qiagen, UK) [9]) corresponding to the part of
coat protein gene of Tobacco mosaic virus (TMV). Ob-
tained RNA and cDNA preparations were checked using
agarose gel electrophoresis [10]. Obtained cDNA preps
have been sequenced and analyzed with bioinformatics
packages (MEGAS5 plus BioEdit) to see their mutual ho-
mology and reveal tentative differences in the sequence of
CP gene of TMV induced by chronic influence of the heavy
metals exerted on tobacco plants. The scheme of this ex-
periment was generally adopted from Kearney et al. (1999)
[11] and showed on Fig.1.
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Figure 1. The experiment algorithm for long-term passaging of TMV
in tobacco plants subjected to chronic effect of heavy metals

Results and discussion. Ten tissue samples of to-
bacco plants from each experimental group (two groups
were continuously stressed with heavy metals for several
generations, the other consisted of untreated virus-infected

plants) were then subjected for total RNA extraction. Elec-
trophoretic studies confirmed successful total RNA isolation
from all groups of plants (Figure 2).

1 2
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Figure 2. Electrophoretic studies of total RNA preparations isolated using RNeasyPlantMinikit (Qiagen, UK) from:
1 — TMV-infected tobacco plants not subjected to heavy metal stress ("control" plants);
2 — TMV-infected tobacco plants grown in Zn-amended soil;
3 — TMV-infected tobacco plants grown in Pb-amended soil

As can be seen from Figure 2, all obtained RNA prepa-
rations were comparable in yield and quality.

Further, total RNA preparations were used for the syn-
thesis of corresponding cDNAs via RT-PCR using primers
specific to the part of TMV U1 strain (known as reference
or common strain and kindly provided by MSU, Russia).
The analysis of obtained amplification products (Figure 3)
confirmed that all total RNA samples (see Figure 2) (and
hence, all respective plants) indeed contained recognizable
(nuclecotide sequence of) TMV. Obtained cDNAs were
characterized with visually analogical and expected size in
the gel (700 bp).

Although the technique in which the RT-PCR has been
conducted cannot be considered as of quantitative nature,

all measures were taken to ensure the uniformity of the
samples' preparation and PCR itself. However, as can be
seen from Figure 3, total RNA samples from metal-treated
plants yielded more intense product band (tracks 2 and 3).
The speculative nature of this argument nevertheless, has
been directly confirmed by the outcomes of semiquantita-
tive ELISA (Figure 4) demonstrating higher virus content in
systemically invaded tissues of tobaccos subjected to
heavy metal stress. This is in agreement with our previous
results as for the same model system, as for TMV-infected
tomatoes or PVX-infected potato plants [4, 12]. Hence,
higher virus content in systemically infected host plants
seems to be a general phenomenon when stressed with
subtoxic concentrations of heavy metals.
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Figure 3. Electrophoretic studies of cDNA preparations obtained (One-step-RT-PCR kit (Qiagen, UK))
with total RNA preparations isolated from:
1 — TMV-infected tobacco plants not subjected to heavy metal stress ("control" plants);
2 — TMV-infected tobacco plants grown in Zn-amended soil; 3 — TMV-infected tobacco plants grown in Pb-amended soil
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Figure 4. Semiquantitative ELISA outcomes confirming efficient TMV replication in every plant group
and showing higher virus content in tobacco plants grown in meal-enriched soil

Further on we have carried out sequencing of the am-
plicons (see Figure 3) and their comparison. The out-
comes have clearly shown nearly complete (99,9%) iden-
tity of cDNAs corresponding to the part of coat protein
gene of TMV for all groups of experimental plants, includ-
ing that subjected to long-term passaging under heavy
metal stress (Figure 5).

Here we demonstrated the absence of statistically sig-
nificant changes in the nucleotide sequence of CP gene of
TMV under long-term chronic influence of heavy metals.
Therefore, we have not confirmed the mutagenic effect of
heavy metal in relation to TMV replicating in tobacco plants
and have demonstrated high degree of evolutionary stabil-
ity of RNA genome of the plant virus. In this regard we may
suppose that heavy metals (at least zinc and lead, which
are the most common metal pollutants found everywhere
where human activity is conducted on a regular basis [1-4],
and at least in these concentrations in soil) do not pose an
appreciable threat in the context of sudden appearance of
novel (possibly, more dangerous) isolates of plant viruses.

Of course, in this work we had several limitations
among which: (1) single model system; but taking into

account its wide use for various experiments, extremely
wide spread (and significance) of TMV and that our previ-
ous works were mostly based on this system, we believe
this choice is justified; (2) choice of heavy metals (dis-
cussed above); (3) duration of virus passaging in plants;
this is the most speculative part of the story, as there is
virtually no data to build upon; we deem that several gen-
erations of plants should have been enough for genetic
changes (in the genome of TMV) to occur, should they
appear. Considering the quasi-species nature of RNA
viruses described for many of them including TMV, it is
highly probable that novel virus variants may appear even
under 'normal' conditions by that time, i.e. without any
effects induced by additional stressors. In such case we
would presumably see slight differences in one of the less
conservative coat protein gene of TMV. As this is not the
case, another reason may lay with the primers designed
to detect conservative part of the CP gene of TMV.
Should the mutations appear in a different part of the
gene, it would pass unnoticed. This is taken into consid-
eration and will be the subject for further work.
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Figure 5. Comparison of sequences of cDNAs corresponding to the part of coat protein gene of TMV
(aligned using MEGA 5 package and processed using BioEdit package)
for different plant groups (TMV — TMV-infected plants not treated with heavy metals;
TMVZn - TMV-infected plants growni nZn-amended soil; TMVPb — TMV-infected plants grownin Pb-amended soil)

Conclusions. In this work we have demonstrated the
absence of statistically significant changes in the part of CP
gene of TMV after long-term passaging in systemically
infected host plants, Nicotianatabacumcv. Samsun, and
have not demonstrated the mutagenic effect of heavy met-
als towards TMV.

Using TMV as a model virus we have confirmed high
stability of the genome of RNA viruses under chronic ef-
fect of abiotic factors of anthropogenically transformed
environment.

Considering the obtained experimental outcomes it is
deemed highly unlikely that there is a real danger for the
random and unexpected appearance of novel plant virus
strains in anthropogenically stressed environment (taking
into account the limitations above).
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THE SPREAD OF PORCINE REPRODUCTIVE
AND RESPIRATORY SYNDROME VIRUS IN UKRAINE

B cmambe npueedeHbl pe3ynbmambl uccriedoeaHull Mo ebisie/IeHU0 aHmumersn K eupycy penpodyKmueHo20 U pecrnupamo-
PpHo20 cuHOpoma ceuHeli (BPPCC) u3 23 o6nacmel YkpauHbi u AP Kpbim. Pe3ynbmamsbi uccriedoeaHusi ceudemesnibcmeayrom o
yupkynsyuu BPPCC e 28 xossiicmeax 19-mu o6nacmel YkpauHbl. O6HapyeHO meHOeHUyuro pacrnpocmpaHeHuss BPPCC Ha
meppumopuu YKpauHbI 10 cpagHeHUo ¢ uccriedo8aHUsIMU 3nu3oomuyeckol cumyayuu 2006-2007 2odos.

The results of this study concern the detection of antibodies against PRRSV in serum from 23 regions of Ukraine and the
Crimea. The results indicate porcine reproductive and respiratory virus (PRRSSV) circulation in 28 farms from 19 regions of
Ukraine. The end results show trends of spreading PRRSV in Ukraine compared with studies of epizootic situation in 2006-2007.

Porcine reproductive and respiratory syndrome virus
are currently prevalent in most pork producing countries.
It's one of the main causes of severe reproductive disor-
ders in swine and respiratory disease complex [1,2]. Cur-
rently, due to losses associated with these reproductive
and respiratory problem in pigs PRRSV is considered to
bean economically importantviral pathogen in the pork in-
dustry [2]. This contagious disease of pigs of different ages
may manifest acute or subclinical [3].

PRRSYV is a member of the family Artereviridae in the or-
der Nidovirales. Sequencing and antigenic properties
showed existent of two distinct genotypes Europinian (type 1)
and North-American (type 2) [2]. The two genotypes
shared only about 63% nucleotide identity on the genome
level. The evolution rate of PRRSV fixed as the highest
among RNA viruses [5] and it is one of the causes of com-
plexity in diagnostics, vaccination and controlling PRRSV.

From the first time PRRSV was detected in Canada in
1979, it rapidly spread in North America in the late 80s.
Genetically different PRRSV, with similar clinical occur-
rence, appeared in Europe and spread through swine-
growing regions during 1990-1992 [1, 6].

For more than10 years, PRRSV spread in most pig popu-
lations. Currently the virus is recorded in the majority of pork-
producer countries. PRRSV was not found only in Australia,
New Zealand, Norway, Finland, Sweden and Switzerland [1].

Clinical manifestations of PRRSV vary depending on the
virulence of the virus, the immunestatus of the herd, and the
age of infected animals. The disease, which clinically mani-
fests, is a result of viremia. Ability of PRRSV to overcome
transplacental barrier and infect the fetus causes abortions
in sows and births of weak, nonviable piglets [1, 4].

Most of the clinical manifestations associated with
PRRSYV infection were investigated by experimental infec-
tion. Field observations of PRRSV infection in combination
with other viral and bacterial agents can modify and compli-
cate the clinical manifestations of disease [3, 7, 8]. The simi-
larity of clinical signs of disease and diversity of reproductive
diseases of pigs complicates setting even priordiagnosis. It
is necessary to use laboratory diagnostic methods for the
diagnosis of infection of PRRSV in infected animals. ELISA
is simple in works, fast, reliable enough, with a high specific-
ity method. All these advantages make ELISA one of the
methods of choice for the diagnosis of PRRSV.

The epizootic situation in Ukraine of PRRSV was stud-
ied not enough and that was why our main aim was to
study the spread of the porcine reproductive and respira-
tory syndrome virus in Ukraine.

Materials and Methods. For detection of antibodies to
PRRSV, 108 herds were selected on the basis of clinical
signs. This selection was based on information of the herd
veterinarian. In all herds, the sampling of serum samples
from animals of different technological group was carried
out. Samples of serum were taken from the main herd ani-
mals with the clinical science of PRRSV and from boars in
these farms. Biological material was delivered in thermal
containers with ice. The volume of each sample was 3ml. It

also recorded the necessary information: clinical science,
animal age, name of the farm, sector, region. For this study
7,937 serum samples were collected from animals from 23
regions of Ukraine.

Sera were tested for the presence of PRRSV antibod-
ies by ELISA (IDEXX HerdCheck PRRS 2XR ELISA, USA).
Overall procedure was performed according to manufac-
turer's manual.

Samples of serum were collected 10-14 days after the
appearance of first clinical signs [4, 9]. The presence of
maternal antibodies to PRRSV and the fact of their de-
creasing to 9 weeks of animal life were also taken into ac-
count [4, 10].To obtain reliable results, serum samples
were collected from animals of different technological
groups from one farm [9] in an amount not less than 12 [4].

Results and their Discussion. Currently PRRSV was
found in most pork producing countries. The genetic material
of the PRRSV was detected in France, Germany, Belgium,
Denmark, Spain, Italy, Czech Republic, Latvia, Lithuania,
Russia, Belarus, Kazakhstan, Ukraine, China, Japan, Viet-
nam, Thailand, and the United States [11, 12, 13, 14].

In 2006-2007, Havrasyeva et.al and others studied the
distribution PRRSV in 16 regions of Ukraine, the circulation
of the virus was detected in 12 of them [15]. It should be
noted that in 2007 VRRSS not diagnosed in animals of
Ternopil and Chernihiv regions, while in 2011 the PRRSV
positive animals in these regions were found.
The results of Havrasyeva et.al. in the Dnipropetrovsk re-
gion from 2006 showed 1.25% of PRRSV positive animals
by ELISA. The increase of the number of PRRSV infected
animals were observed (7, 5%) in 2007 [15]. In 2011, we
recorded PRRSV infection in 39% of the animals. It indi-
cated the spread of the PRRSV through Ukraine.

In 2006, PRRSV was diagnosed in 41.3% of animals
from Kyiv region, whereas in 2007 no serologically positive
PRRSV animals were found in this region [15]. These results
can be explained by selection oft he blood serum samples
from animal of different farms in the Kyiv region, in sufficient
sample size in 2007, or different age groups of animals that
were studied. In 2011, we studied nine farms from the region
around Kyiv and detected 30,5% of serologically positive for
PRRSV animals. However, this data may no treflect that the
reduction of circulating virus in the region was due to signifi-
can tdifferences in sample size. This is different from the
way the serum was analyzed from two farms of this region in
2006, compared to the 9s in 2011.

It is also necessary to emphasize the epizootic situation
stability in the Kherson region and in the Crimea. The anti-
bodies against PRRSV were not detected in serum sam-
ples from this region in 2007, 2011 years [15].In general,
we have analyzed 7937 serum samples from 108 farms in
23 regions of Ukraine and Crimea. 1265 serum samples
were serologicaly PRRSSV positive (Table1).The circula-
tion of the virus detected in 21 regions of Ukraine (Table 1.,
Fig. 1).Our results significantly complete the existing infor-
mation about spreading PRRSSV and indicate the trend of
spreading the pathogen in the farms of Ukraine. PRRSSV

© Ivashchenko 0., 2012
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circulation was found in 28 herds, while the situation of the ence of increasing or decreasing the level of antibodies to
disease in 4 farms remain uncertain. It requires additional PRRSV and determine the number of PRRSSV positive
studies and further monitoring of blood serum for the pres- animals in these farms (Table.1).
Table 1. The results of detection PRRSSV antibodies in serum samples
Ne Region No. of farms No. of ?eropositive No. of samples No. of seropositiv No. of Serop?sitiv
arms samples samples %

1 Vinnitsa 6 2 46 16 34,8

2 Volyn 2 1 110 6 55

3 Dnypropetrovsk 15 3 410 160 39

4 Donetsk 10 3 754 314 41,6

5 Zhytomyr 3 1 52 41 78,8

6 Zaporyzha 8 4 4798 263 55

7 Zakarpatska 4 2 88 25 28,4

8 Kyiv 9 1 315 45 30,6

9 Kirovohrad 3 1 147 24 16, 3

10 Lugansk 1 0 6 0 0*

11 Lvyv 4 2 99 61 61,6

12 Mucolayv 1 0 10 0 0

13 Odessa 3 1 57 7 12,3

14 Poltava* 3 1 146 1 0,7*

15 Rivne 1 0 12 0 0

16 Sumy 4 2 176 78 44,3

17 Ternopil* 2 1 29 1 3,4

18 Kharkiv 4 1 193 129 66, 8

19 Kherson 3 0 39 0 0

20 Khmelnytsky 3 2 58 46 79,3

21 Cherkasy 8 2 99 10 10, 1

22 Chernivtsi 4 1 25 4 16

23 Chernihiv 6 1 92 33 30,3

24 Crimea 2 0 103 0 0

£ | 23regions and 109 32 7937 1265

= Crimea

* regions requires further research to establish the epizootic situation based on a small number of serologically positive animals

o

Fig.1. The spread of the porcine reproductive and respiratory syndrome virus in Ukraine

|:| — PRRSV circulation were detected
|:| — No PRRSYV circulation were detected

- — areas that require further research to
establish the epizootic situation

* — areas that weren't studied

+ — areas that were studied in 2006-2007 [15]
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With this data we can come to a conclusion about the
circulation of the virus in 19 regions of Ukraine. In the
herds of Poltava and Ternopol regions, there was detected
one PRRSV positive serum. We believe more research is
needed to monitor dynamic changes of PRRSV antibodies
in serum for the establishment of the epizootic situation in
the farms in these areas. PRRSV was not detected only in
herds from Lugansk, Rivne, Kherson regions, and AR Cri-
mea (Table1). However, it should be noted that the number
of samples that we examined in Lugansk, Rivne and Kher-
son regions were insufficient for analysis of epizootic situa-
tion and therefore, more research is needed.

Within a herd, PRRSV can rapidly spread through
nose-to-nose contact and inutero infections [3, 12]. There
are a number of factors to the contribution of PRRSV such
as animal welfare, increasing herd size, carriers from pur-
chased animals, and sperm [3, 12]. Infection can also be
spread through PRRSV-contaminated clothing via injection
[3]. Active animal trade, the purchase of pigs, and semen
from different farms in Ukraine and the world, non-
technology holding of animals, and a high variability of the
pathogen can cause the spread PRRSV in Ukraine.

Conclusions and Prospects for Further Research.
1. The results suggest the circulation of the porcine repro-
ductive and respiratory syndrome virus in 28 farms in 19
regions of Ukraine. 2. The results significantly complete the
existing information about spreading PRRSV and indicating
the spreading trend of the pathogen through Ukrainein
comparison with studies epizootic situation 2006-2007. 3. It
is important to create a bank of PRRSV isolates to make
their sequencing for further analysis of the situation with
PRRSV in Ukraine.
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SELECTION OF BACTERIOPHAGES, SPECIFIC TO SERRATIA MARCESCENS

MpedcmaeneHbl pe3ynbmambl cCKpuHUH2a 6akmepuoghazoe cneyuuyHbix K 8036ydumernto 2HUNU syka. Bbicokocmabunb-
HbIU lumuyeckul ¢ghaz, cneyugpuyHbIl K S. marcescens ebldesIeHHbIU u3 OoKpyXxaruwel cpedbl U 0603HavYeH Kak 6akmepuodghaz
Smd. Y ebideneHHoz20 ¢haza usy4eHa Mopghosio2usi 8UPUOHO8 u cocmae 6esnkos. lMokaszaHa cnoco6Hocmb ¢haza Smd1 nodas-

n1smb pazsumue 6akmepuanbHoOU UHheKyuu Ha YewytliKax JiyKa.

The results of screening bacteriophages specific to causative agent of onion decay are presented. Highlystable lytic phage spe-
cific for S.marcescens was isolated from the environment and denoted as phage Smd1. The virion morphology and protein con-
tent of isolated bacteriophage was studied. There was shown the ability of phage isolate Smd1 to reduce the development of

bacterial infection on an onion scales.

Introduction.Modern society focuses on ecologically
pure future. Guarantees of that are "naturalization" of pro-
duction, management of natural resources and energy.The
preservation of crop losses caused by bacterial pathogens
is significant problem for Ukraine and international commu-
nity. Nowadays pesticides and herbicides, that in chemical
nature are antibiotic substances, are widely used for pro-
phylactic and therapeutic purposes. Only the last 20-30-
years scientists began to pay special attention to the proc-
esses of resistance formation of pathogenic bacteria to the
antibiotics. Therefore people faced the problem of search
and development of new protective forms that would be
characterized by high efficiency, safety and would not
cause rapid adaptation of bacteria. The hypothesis of the
possibility of using bacteriophages (viruses of bacteria) for
therapeutic purposes was nominated in the beginning of
the 20"century. Nowadays, this direction develops rapidly
and expands the range of phage usage [2,3]. Significant
development as acquired agricultural phage therapy that is
engaged in elaboration of phage preparations to deal with

pathogenic bacteria (for example, Erwinia carotovora,
Pseudomonas sp., Serratia marcescens).

Due to the importance and attractiveness of the area of
research, the aim of our study was the selection and char-
acterization of lytic phages, specific to the pathogen Serra-
tia marcescens, which causes an onion decay and is con-
sidered to be one of the most harmful phytopathogens for
agriculture in Ukraine.

Materials and methods.

Bacterial strains.Studies were carried out on bacterial
culture Serratia marcescens IMBG291 [5], generously pro-
vided by colleagues from the laboratory of microbial ecology,
Institute of Molecular Biology and Genetics (National Acad-
emy of Sciences of Ukraine). Working with phages we used
an overnight culture of bacteria, in which bacteria was in ex-
ponential phase of growth. The concentration of bacteria cell
culture was 10%-10° c.f.u./ml. Bacteria was cultivated on plate
count agar or in PC-broth. Incubation temperature was 25 °c.

Sample collection.During laboratory studies a wide
range of samples was analyzed. Samples were selected
from vegetable washouts (including onion, potatoes, cab-
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bage, carrot, sugar beet, etc.) and fruits with symptoms of
rot processes and from waste water and water from open
water reservoirs. Investigated samples were centrifuged
and handled by chloroform. The objects of research be-
came phage, isolated from samples of carrot with symp-
toms of rot processes.

Spot-titer assay.The samples or serial dilutions of
samples were applied dropwise on the plates with seeded
bacterial culture. Following 20 minutes they were kept at
room temperature in order to samples diffused into agar
medium. Then plates were overturned and incubated in a
thermostat at 37°C for 12 hours. After that the plates were
analyzed for the presence of phages. Results were re-
corded as the reciprocal of the highest dilution at which
clearing the lawn was evident.

Double agar layer method.0.2 ml of overnight bacte-
rial culture (10° c.f.u./ml) was put together W|th 2.5 ml of
0.7% agar (the temperature of agar was 46- 49° C). Then 1
ml of the studied sample was added. The resulting mixture
was accumulated on the bottom layer of 1,4% agar [1].
According to the results of spot-test, the concentration of
phage particles in a sample of carrot was very high, so we
diluted the phage lyzate to the 10" degree in order to get
separated plaques. After exposure within 15 minutes at the
room temperature, plates were inverted and incubated at
37°C for 12 hours. After incubation all resulting plaques
were counted. Separate phage plaques were then picked.
Isolated bacteriophages were purified by serial propagation
of single plaques and amplified.

Electron microscopy.Morphology of virions was inves-
tigated using the electron microscope. Formvar films
placed on 400-mesh copper grids were dipped into sample
for 2 min and contrasted in 2% uranyl acetate. The prepa-

rations were dried and viewed under the electron micro-
scope at an instrumental magnification of 20,000.

SDS-PAGE.Structural proteins of phage isolates were
analyzed by SDS-polyacrylamide gel electrophoresis [4].
Phage particles purified by ultracentrifugation were mixed
with the sample buffer and then heated in a boiling water
bath for 3 min, followed by separating the proteins in the
gel (12%). Protein bands were visualized by staining the
gels with Coomassie brilliant blue.

Investigation of bacteriophages influence on the
expression of pathogenic properties of the bacteria.

In laboratory conditions the infectious process was
modeled with the defeat of onions by investigated bacteria
Serratia marcescens. Onion bulbs were disinfected with a
solution of potassium hypermanganate for 20 minutes.
Onion bulbs were divided on scales in sterile conditions
and placed in plates on sterlllzed filter paper discs. Then
10mkl of phage mixture (titer 10 ) and bacterial suspen-
sion (concentration of cells 10® c.f.u./ml) were applied on
the scales. For controlling the initiation of pathogenic proc-
ess with bacteria a drop of bacterial suspension was ap-
plied on the scales of onion, placed in other plate. Onion
scales with deposited drop of physiological solution served
as a control of the experiment. Plates with the studied ma-
terials were incubated in a thermostat at 28°C during the
week. For statistical significance of data each experiment
was conducted in three repetitions.

Results and discussion.Plant material and water from
two regions of Ukraine were screened for bacteriophages
active against Serratia marcescens using a spot-test and
double-agar technique. The agents capable to case the
lysis of investigated bacteria were detected in carrot, sugar
beet, onion, apples, water from career (tabl. 1).

Table 1. The research results of presence of S. marcescens phages in samples of different origins

Sample

Thepresenceof
lysis zones

Thepresenceplaques
after re-seeding

Carrot Vitaminna

+ +

| CabbageCaporal | - | -
| SugarbeetBordo | - | -
. OnonSmowBal |+ | -
| AppleGloster |+ | -
____ RaddishMantagong | - | -

|___Waterfromthesettlersewage | - | -
I T O
I v
______Waterfompond | - | -
. Beetpup | - | -

Then lytic spots were picked from agar and re-seeded
on relevant strain of bacteria Serratia marcescens by the
double agar layer procedure. It was observed that the ma-
jority of samples did not form negative colonies, with the
exception of sample of carrot with symptoms of rot proc-

esses. The further work was carried out with this sample.
After seeding the described sample on the S. marcescens
lawn separate plaques with a clear edge 0,2-0,4 cm in di-
ameter were received (fig. 1).
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Fig.1. Phage plaques and electron micrographs of Serratia marcescens phages

The presence of phages in carrot samples was
conclusively confirmed by TEM examination of
concentrated phage filtrates (Fig. 1). Electron microscopy
has revealed spherical phage particles without tails (fig. 1).
According to the literary data it have not been identified
viral particles of similar morphology for S. marcescens ear-
lier. Therefore that is a problem of establishing their taxo-

M,?

R —

66,2 |
45

et o
35 wel
5

18

14,4

nomic affiliation. Newly isolated bacteriophage of Serratia
marcescens was denoted as phage Smd1 and
accumulated in high titer (1012).

Six major protein bands (86,6 kDa, 45 kDa, 41,9 kDa,
35 kDa, 30,6 kDa, 21,4 kDa,) were identified after SDS-
polyacrylamide gel electrophoresis of phage Smd1 pro-
teins (Fig. 2).

Smd1

Fig.2. Protein gel profiles for purified virions of bacteriophage Smd1

As part of the experiments an impact of phage Smd1
on the manifestation of pathogenic properties of the inves-
tigated phytopathogenic strain of S.marcescens was mod-
eled. Retrieved results showed that on control onion scales
with deposited physiological solution and the scales with

deposited phage and bacteria the processes of deteriora-
tion and rotting were not observed. On control scales with
deposited overnight bacteria culture the gradual develop-
ment of rotting processes was observed (fig. 3)..

Fig. 4. An Impact of phage Smd1 on manifestation of pathogenic properties of bacteria Serratia marcescens:
A — onion scales with deposited suspension of bacterial culture;
B — onion scales with deposited suspension of bacteria and phage Smd1
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Conclusion.Bacteriophage Smd1 was isolated from
carrot and characterized. This phage is spesific to bacteria
Serratia marcescens IMBG291 that case an onion dis-
eases. Newly isolated phage morphologically and for it's
proteins profiles differ from another known for today
phages of Serratia marcescens. Taxonomy affiliation of
bacteriophageSmd1 should be established. This phage
can be useful for rapid diagnosis of Serratia marcescens.
Obviously, the researched phage suppressed the growth of
bacteriain a modelsystem. This leads us to suggestthat

newly isolated phage can be used effectively as part of
integrated onion disease management strategies.
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PECULIARITIES OF PHYLOGENY AND EXPRESSION
OF TAS3-LIKE SMALL RNA PRECURSOR GENES IN PLANTS BELONGING
TO FAMILY ASTERACEAE: EXPERIMENTAL APPROACH AND BIOINFORMATICS ANALYSIS

Ucnonb3ys paspabomaHHyto paHee HaMu MemooOuKy Os1s1 demeKyuu U K/IOHUPO8aHUsI 2eHO8 MallbIX mpaHc-delicmayrouuux
uHmepgepupyrowux PHK (TAS3 2eHo8), MbI noka3asu, Ymo 80 83POC/IbIX pacmeHuUsix mpex eudoe podoe Curio u Senecio npo-
ucxodum 3Kcrnpeccusi mosibko o0Ho2o muna TAS3 eeHos. bonee mozo, aHanu3 6a3 daHHbIX nocnedogamesnibHocmeu kQHK y
dpyaux podoe 8 cemelicmae Asteraceae makxe rokasas npeuMyu,ecmeeHHyH 3KCIpeccuro mosibko o0Ho2o TAS 2eHa, Ha3eaH-
Hozo Hamu TAS3-Sen1 u nposiensirouse2o 3Ha4umesnbHy0 Mexeudogyro 20Moslo2utro 8 npedesiax amoao cemelicmea. bonee mo-
20, npu mpaHckpunyuu 2eHa TAS3-Sen1 y pacmeHuli poda Senecio o6pasyemcsi He eduHcmeeHHass PHK (nepeu4Hbiii mpaHc-
kpunm ta-siRNA), a Habop PHK 3a c4em npexdeepeMeHHOU mepMuHayuu mpaHckpunyuu eHympu 2eHa TAS3-Sen1. O6Hapyxe-
Hue Hamu 8 cocmaee Haubosiee npomsikeHHo20TAS3-Sen1 PHK-mpaHckpunma noemopsitoujelicss nocnedoeamesnisHocmu (GA)n,
yyumsbleasi 0aHHble /lumepamypHbIX UCMOYHUKOS, M0380JIsiom MpedrnosioXums ee yyacmue 8 CuHMme3e HedoCMpPOEHHbIX
mpaHcKpunmos.

In this paper, we have studied the presence of tasiARF RNA genes in the representatives of genus Seneciohaving either uni-
facial or true bifacial leaves. It was found that both types of species encode such RNA precursors principally similar to those
found in Arabidopsis. We used primers mimicking miR390 and oligo (dT)-based oligonucleotides. One of the TAS3 species
(TAS3-Sen1) in Senecio representatives was actively transcribed and distributed among many Asteracea plants and found to be
similar to AtTAS3a. The data obtained may contribute to understanding of expression regulation of Senecio TAS3-like genes and

the potential involvement of these RNAs in development of plant organ abaxial-adaxial symmetry.

Introduction. In eukaryotes, small RNAs (sRNAs) ex-
ert transcriptional and post transcriptional control of ge-
nome expression to modulate development and responses
to environmental stimuli [1-3]. Generally, SRNAs are inhibi-
tors of gene expression that guide bound nuclease proteins
to target nucleic acids via base-pairing interactions [3]. In
the model plant Arabidopsis thaliana, sRNA biogenesis is
catalyzed by homologues of the ribonuclease Dicer-like,
DCL, that use double-stranded (ds) RNA as a substrate [4].
In plants, sRNAs can be broadly classified as microRNAs
(miRNAs) and small interfering RNAs (siRNAs) [2, 3]. The
genes encoding miRNA are transcribed by RNA poly-
merase |l into primary transcripts containing a local stem-
loop structure that provides the substrate for DCL1 cleav-
age into mature miRNAs of 21-22 nucleotides [1, 3].
miRNAs have a big impact as they negatively target cog-
nate mMRNAs for destruction or translational arrest [3]. Vas-
cular plants including angiosperms (eudicots and mono-
cots), gymnosperms and pteridophytes contain a repertory
of miRNAs that are evolutionary conserved and control a
large set of fundamental processes in plant development
and homeostasis [9].

The various classes of plant 21- to 24-nt siRNAs derive
from long dsRNA precursors that are processed by DCL2,
DCL3 and DCL4 [1-3, 5]. The biosynthesis of these long
dsRNA precursors usually entails the activity of one of sev-
eral cell RNA-dependent RNA polymerases (RDRs) as well
as plant viral RDRs [5]. In addition to virus-specific replica-
tive-related double-stranded RNAs, sources of siRNAs in-
clude repetitive sequences, transposons, centromeres, con-
vergent mRNA transcripts and other natural sense-antisense
pairs, duplexes involving pseudogene-derived antisense
transcripts and the sense mRNA from their cognate genes,
hairpin RNAs as well as trans-acting siRNA (ta-siRNA)-
generating transcripts (TAS) [1-6]. Endogenous siRNAs in-

activate homologous sequences by a variety of mechanisms
that include canonical post-transcriptional gene silencing as
well as chromatin-dependent gene silencing [7].

The species of ta-siRNA were originally discovered in
Arabidopsis [8]. Four gene families have been identified in
Arabidopsis that each produce a number of ta-siRNAs:
TAS1, TAS2, TAS3 and TAS4. Within the TAS1 family,
TAS1a, TAS1b and TAS1c are very similar in sequence
and all produce the siR255 ta-siRNA among others [6, 8].
One of the most important ta-siRNAs is the trans-acting
short-interfering RNA-auxin response factor (tasiR-ARF).
Auxins are a class of signaling molecules that play a cen-
tral role in plant development. TasiR-ARF targets the
mRNA of three Auxin Response Factor (ARF) genes
(ARF2, ARF3/ETT and ARF4) for degradation [8]. TasiR-
ARF is derived from the TAS3 gene. While Arabidopsis
contains several ta-siRNAs not found in other plants, tasiR-
AREF is highly conserved in all of these systems including
mosses [6, 9]. This indicates that, like miRNAs, ta-siRNAs
(and tasiR-ARF in particular) have been used to regulate
gene expression in plants since before the separation be-
tween the seed plant and moss lineages [6, 8].

Each higher plant TAS gene so far identified produces
a non-protein coding transcript that contains multiple ta-
siRNAs within it. Each of these ta-siRNAs are lined up one
after the other in both sense and anti-sense orientations.
After transcription of the TAS gene, specific miRNAs pair
with certain members of the Argonaute (AGO) protein fam-
ily and bind to the single stranded RNA (ssRNA) at miRNA
recognition sites [6, 10]. This specifies site specific cleav-
age of the primary TAS gene transcript at the beginning of
the first ta-siRNA in the series and sets the phase for future
processing [2, 6-8]. TAS3 gene transcript contain two
miRNA recognition sites. Nevertheless only second
(3'-terminal) site is cleaved AGO7 and downstream
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miRNA-guided cleavage of the transcript is usually required
for phased ta-siRNA biogenesis [2, 5, 6, 10]. At this point,
Suppressor of Gene Silencing 3 (SGS3) protects the
ssRNA from degradation. Next, RNA-dependent Poly-
merase 6 (RDR6) produces a complementary strand, turn-
ing the transcript into double stranded RNA (dsRNA) until
non-cleaved site of TAS3 transcript bound to AGO-miRNA
comples [6, 10]. Dicer-like Protein 4 (DCL4) then cleaves
the dsRNA in 21-nt increments to generate mature ta-
siRNAs [4, 6, 10].

The TAS3 gene-mediated ta-siRNA pathway is a plant-
specific miR390-dependent phenomenon conserved in all
higher plants and in primitive land plants such as Phy-
scomitrella and other mosses [6, 9]. In Arabidopsis,
miR390-guided cleavage occurs only at the 3’ target site of
the TAS3 precursor where canonical targeting rules include
perfect complementarity between miRNA nucleotides 2—-13
(from the 5' end) and the mRNA target [6] (Fig. 1). The 5'
target site is resistant to cleavage but is important for proc-
essing of the tasiRNA precursor transcript. This character-
istic feature is attributed to mismatches at nucleotides 9-12
from the 5’ end of the miRNA (Fig. 1). These mismatches
are highly conserved in the higher plant TAS3-primary
transcripts [6, 8].

In this paper, we have studied the presence of tasiARF
RNA genes in the representatives of genus Seneciohaving
either unifacial or true bifacial leaves. It was found that both
types of species encode such RNA precursors principally
similar to those found in Arabidopsis. We used primers
mimicking miR390 (Krasnikova et al., 2009) and oligo (dT)-
based oligonucleotides. One of the TAS3 species (TAS3-
Sen1) in Senecio representatives was actively transcribed
and distributed among many Asteracea plants and found to
be similar to AtTAS3a. The data obtained may contribute to
understanding of expression regulation of Senecio TAS3-
like genes and the potential involvement of these RNAs in
development of plant organ abaxial-adaxial symmetry.

Materials and Methods. Plant material. Specimens for
Senecio talinoides, Curio repens and Curio articulatus were
taken from collections of the N.V. Cycin Main Botanic Gar-
den of the Russian Academy of Sciences. Analysis of Nu-
cleic Acids.Genomic plant DNA was isolated from 200 mg
of plant material by DNA extraction kit (Macherey-Nagel)
according to the protocol of the manufacturer. TAS3 genes
were amplified and sequences as described in [11]. Total
RNA was isolated from Nicotiana benthamiana leaves with
the Trizol reagent according to the manufacturer's instruc-
tions (Invitrogen). Digestion of any contaminating DNA was
achieved by treatment of samples with RQlI RNase-free
DNase (Promega). Reverse transcription was performed
with 1 pg of total RNA and oligo (dT)-primer t20-xho (attc-
tcgaggccgaggcggcecgacatgtttttttttttttttttttttttttv) using the RT
system (Invitrogen) according to the protocol of the manu-
facturer. Primers for dicotyledonous plants were: forward
primer. TAS-P (5'-GGTGCTATCCTATCTGAGCTT-3')and
mixture of  reverse primers TAS-Mcaa (5'-
AGCTCAGGAGGGATAGCAA-3%and  TAS-Maca  (5-
AGCTCAGGAGGGATAGACA-3'). For PCR, 25-35 cycles
were used for amplification with a melting temperature of
95°C, an annealing temperature of 58°C and an extending
temperature of 72°C, each for 30 seconds, followed by a
final extension at 72°C for 3 min. PCR products were sepa-
rated by electrophoresis of samples in 1.5% agarose gel
and purified using the GFXTM PCR DNA and Gel Band
Purification Kit (Amersham Biosciences). For cloning, the
PCR-amplified DNA bands isolated from gel were ligated
into pGEM-T (Promega). Cloned products were used as
templates in sequencing reactions with the ABI Prism Big-
Dye Terminator Cycle Sequencing Ready Reaction Kit

(Applied Biosystems). DNA sequences were deposited at
the NCBI data bank, the accession numbers are JN692262,
JN692261, JN692260 and JN692259. The TAS3 cDNA se-
quences were cut out of the vectors pGEM-T by digestion
with Hindlll and ligated into Hindlll-digested binary vector
pLH7000 containing the flanking 35S promoter and tran-
scriptional terminator and provided by Dr L. Hausmann
(Federal Centre for Breeding Research on Cultivated Plants,
Germany). Agroinfiltration of Nicotiana benthamiana plants
was carried out as described [12]. RNA was isolated 4 days
after agroinfiltration of plant leaves (see above).

Results and Discussion./dentification and molecular
phylogeny of the most abundant TAS3-like species in repre-
sentatives of family Asteraceae.Leaves of angiosperms ex-
hibit considerable morphological diversity and thus represent
an attractive subject for developmental molecular studies
[13]. The diverse leaf forms in angiosperms can be catego-
rized as bifacial or unifacial. Bifacial leaves, such as those of
Arabidopsis thaliana, are the more typical form of leaves that
differentiate adaxial-abaxial (upperlower) polarity. The estab-
lishment of adaxial-abaxial polarity in bifacial leaves is regu-
lated by overlapping and antagonistic genetic interactions
involving several distinct transcription factors and small regu-
latory RNAs [14]. Unifacial leaves, which are characterized
by an abaxialized leaf blade, have repeatedly evolved in a
number of divergent monocot species [15]. Transcription
factors ARF3 and ARF4 are required for specifying leaf
abaxial identity [14]. On the other hand, ARF3/4 transcripts
are targets of a TAS3-derived trans-acting short interfering
RNA, tasiR-ARF, which guides the cleavage of ARF3/4
mRNAs (see above). The Arabidopsis TAS3 is expressed on
the adaxial side of early leaf primordia, which possibly regu-
lates the expression of ARF3 and ARF4 in the adaxial do-
main and determines the dorso-ventral leaf polarity [16].
Genetic analyses in maize and rice have also demonstrated
a primary role for ta-siARF during dorsiventral leaf patterning
[17, 18]. To further study the role of TAS3 ta-siRNA in devel-
opment of leaf polarity in dicot plants, we started the studies
of some representatives of family Asteraceae where some
succulent plants of Senecioneae are characterized by an
abaxialized unifacial leaf blade [19].

The Asteraceae is the second largest family of flower-
ing plants with at least 1100 genera and over 20,000 spe-
cies included. The Asteraceae includes shrubs and a few
trees. Senecioneae is the largest tribe of Asteraceae, com-
prised of ca. 150 genera and 3,000 species. Approximately
one-third of its species are placed in Senecio, making it
one of the largest genera of flowering plants. Despite con-
siderable efforts to classify and understand the striking
morphological diversity in Senecioneae, little is known
about its intergeneric relationships. This lack of phyloge-
netic understanding is predominantly caused by conflicting
clues from morphological characters, the large size of the
tribe, and the absence of a good delimitation of Senecio.
Phylogenetic analyses of nuclear ribosomal ITS and plastid
DNA sequence data were used to produce a hypothesis of
evolutionary relationships in Senecioneae [20].

Previously, we described the new method for identifica-
tion of plant ta-siRNA precursor genes based on PCR with
oligodeoxyribonucleotide primers mimicking miR390. The
method was found to be efficient for dicotyledonous plants,
cycads, conifers and mosses [9, 11]. In this study, PCR-
based approach was used as a tool to probe genomic DNA
samples derived from three species of Senecioneae: Se-
necio talinoides with abaxialized unifacial leaves, Curio
repens with pseudo-unifacial leaves and Curio articulatus
with bifacial leaves [19]. PCR amplification of chromosomal
DNA from these plants resulted in synthesis of one major
band of 270 bp (data not shown). Cloning and sequencing
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of the obtained DNA bands revealed that the amplified se-
quences are closely related (more than 90% identity) (data
not shown) contained putative ta-siARF site composed of
two tandem copies of ARF-specific ta-siRNAs and located

between miR390 target sites corresponding to PCR prim-
ers (Fig. 1). This TAS3-like gene was named as TAS3-
Sen1 (GenBank accession number — JN692259).

uncleaved cleaved
5' miR390 3' miR390
target ta-siRNA target
5¢ GGUGUUAUCCUAUCUGAGCUU 3° 5 CUUGUCUAUCCCUCCUGAGCUA 3°
TERAEAR b stLbutnnl z 111 11 (e
3* CCGCGRUAGGGAGGACUCGAA 5° . 3' CCGC-GAUAGGGAGGACUCGAA 5
miR390 ta-siR-ARF miR390

Figure 1. Organization of TAS3 tasiRNA precursors. The miR390-guided cleavage site is indicated by the arrow.
The tasiRNA region is indicated by brackets.

Bioinformatic analysis of the putative TAS3-like se-
quences from Senecio talinoides, Curio repens and Curio
articulatus using NCBI Blast revealed closely related se-
quences in other representatives of the family Asteraceae
(data not shown and Fig. 2). Using available sequence
databases, more distant TAS3-like sequences were identi-
fied at least in 2 families belonging to subclass Rosids and
11 families of flowering plants belonging to subclass
Rosids, for which complete sequences of TAS3 cDNAs
were revealed (see Materials and Methods; data not shown

and Fig. 2). The phylogenetic tree based on comparisons
of TAS3-like sequences demonstrated that all TAS3-Sen1
sequences of Asteraceae form a monophyletic group (Fig. 2).
On the other hand, the closest branching lineage in eudi-
cots was represented by plants from subclass Asterids,
namely,orders Lamiales (Antirrhinum majus) and Solanales
(Nicotiana tabacum and Solanum tuberosum) (Fig. 2). These
observations are in agreement with the branching order of
flowering plant evolution trees published previously [21].

articulatus

sia.annua

\Arachis.hyp

‘Helianthus, annuus

etinurm

ron.tulipifera

.Citrullus.lanatus

Figure. 2. The minimal evolution phylogenetic tree based on analysis of the aligned TAS3 genes from some flowering plants.
This tree was generated according MAFFT6 program (http://mafft.cbrc.jp/alignment/server)

The TAS3-Sen1 family like other other TAS3 loci is
characterized by the dual miR390 binding sites, which are
functionally required by TAS3 mRNA to define the phasing
register for tasiRNA production [6]. We conducted an ex-
haustive Blast search using TAS3-Sen1 genes as queries

to find additional putative Senecio TAS3 genes in the NCBI
databases. The Senecio madagascariensis cDNA contig
(GenBank accession number SRR006592) includes the
tasiARF region and flanking 5'-terminal miR390 comple-
mentary site. However, this cDNA contig was shorter than
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the full-length TAS3 mMRNA precursor and 3'-terminal
miR390 site could not be mapped. Nevertheless, we used
sequence of contig SRR006592 to reconstruct the authen-
tic sequence (not derived from PCR primer mimicking
miR390) of 5'-terminal miR390 complementary site (Fig.
3A). Therefore, the presence of miR390 complementary
sites in the TAS3-Sen1 loci supported the idea that they
were indeed tasiRNA genes, and suggested that miR390
set the phasing register of tasiARFs (Fig. 3A). Indeed, ta-
siARF sequences in TAS3-Sen1 coaligned with the phases
D7(+) and D8(+) defined by the 3' miR390 processing site
in their putative precursors as observed in angiosperms
(Figs. 1 and 3A). [6, 22].TAS3-Sen1 loci in S.articulatus
and S.madagascariensis both had identical region includ-
ing two closely related 21-nt sequences adjacent to one

another of which one was identical to Arabidopsis tasiARF
at phase 5'D8(+) and the other contained three mis-
matches with respect to the Arabidopsis tasiARF at posi-
tion 5'D7(+) (Eig. 3B). To verify whether the interaction
between Senecio miR390 and the TAS3-Sen1 precursor is
similar to what was observed in Arabidopsis, sequence
comparison was performed to predict cleavage events at
the 5’ and 3' target sites on the TAS3 precursor. Canonical
targeting rule including nearly perfect complementarity be-
tween miR390 nucleotides 2-13 (from the 5' end) and the
TAS3 RNA 3'-terminal miR390 target was confirmed (Fig. 3).
These results are also consistent with the previous sugges-
tion that miR390 is unable to guide for a cleavage because
of mismatches between 9 nt and 11 nt from the 5’ end of
the miR390 [6, 22] (Fig. 3).

(A

CCGCGAUAGGGA- GGACUCGAA — 5’ i R390

[ETEEE s et (+9)

GGTGCTATCCTTACCTGAGCT TTAATCAAAATCTATCGT TCGCCCTTTTTCATTTTTTGACTTGT TGCCTTTTTITTCTITCTTGIGATTC
D8( +) D7(+) (+6) (+5)
TGATTTTCTTGACCTTGTAAGACCT TTTCTCGACCT TGTAAGACCCAAAAATACCTTTGGTGTCTTTTCATTTTTTTGIGI TTTGTATT

(+4) (+3) (+2) (+1)

TTAAATCACTCTCAAGTGATAATTGTATTTTTATCATTTTTCTTCGT TCCCACCCAACTCGTGTTCTCCTTCCTTGTCTATCCCTTCTGAGCTATT

UL
OCGC- GAUAGGGAGGACUCGAA — 5’ ni R390

(B)

UUCUUGACCUUGUAAGACCUU — CaTAS3 (D8+)
UUCUUGACCUUGUAAGACCUU — M TAS3 (D8+)
UUCUUGACCUUGUAAGACCUU — At TAS3 (D8+)
UUCUUGACCUUGCAAGACCUU — GsTAS3 (D7+)

UUCUCGACCUUGUAAGACCCA — CaTAS3 ( D7+)
UUCUUGACCUUGUAAGACCUC — M TAS3 ( D7+)
UUCUUGACCUUGUAAGACCUC — At TAS3 ( D7+)
UUCUUGACCUUGUAAGACCUC — OsTAS3 (D6+)

Figure 3. (A) Nucleotide sequence of TAS3-Sen1 locus. The 5’ and 3' miR390 target sites are shown as alignments.
Predicted Dicer processing sites are shown by underlining. TAS3-Sen1 siRNAs that are complementary to the auxin response
factors are indicated by shading (+D7TAS3 and +D8TAS3).

(B) Sequence alignment of the TAS3-Sen1 and TAS3 ta-siARF RNAs from Arabidopsis, rice and M. truncatula

Cloning and sequencing of the TAS3-Sen1 cDNA spe-
cies suggests a new strategy for the involvement of non-
cleavable miR390 target site in control of ta-siARF forma-
tion. Processing and polyadenylation of plant TAS3 gene
precursors has not been studied in detail excepting splicing
of Arabidopsis thaliana gene TAS3a (AT3G17185) [23]. We
have studied the polyadenylation sites of TAS3-Sent
genes in three distinct Senecio species by sequence
analysis of multiple cDNA clones. Figure 4 shows the nu-
cleotide sequence of the 3' tail regions following ta-siARF
tandem region of TAS3-Sen1 gene in three plant species
and the polyadenylationsites of the analyzed cDNA clones.
The cDNA clones for the genes of S. talinoides, C. repens
and C. articulatus fall into groups with differentpolyadenyla-
tion sites. The two putative full-length St. 41 and Ca. 990
cDNA clones analyzed also had different poly A sites.
Since the poly A tails of all the cDNA clones analyzed do
not occur in the regions corresponding to a long AT rich
area in the genomic sequence we are confident that correct
priming occurred with the oligo dT during the cDNA prepa-
ration, and that the different groups of cDNA clones repre-
sent true differences in the poly A addition site on the
mRNA's. In the case of Ca.91, St.33 and St.33 species
many cDNA clones have been revealed for each gene.
Eight out of 12 of the cDNA clones for C. repens and 7 out
of 13 clones for C. articulatus had the poly A tail added in
this middle position. The sites where polyadenylation oc-
curs in the mRNA are spread over quite large distances

(Fig. 4 and data not shown). The two polyadenylation sites
detected for C. articulatus are 216 nucleotides apart, those
for S. talinoides are separated by 269 nucleotides; however
the three sites were detected for C. repenst. A high degree
of variability in the positionning of the poly A tails therefore
occurs between these highly related genes in three plant
species. One feature which is common to Cr.29 and Cr.31
species is that the nucleotide in the genomic sequence
which corresponds to the first A in the poly A tails of the
cDNA clones, is an A residue. Also illustrated in Figure 4 is
sequence in St.41 which may represent the G/A cluster
sequences positioned immediately upstream of the poly A
addition site. The potential importance of homopurine-
homopyrimidine sequences in biological processes is sug-
gested by the ubiquity and non-random distribution of se-
quences such as (CT)n'(GA)n within the genomes of many
organisms [24]. GA repeats have been found in promoter
regions of many genes, at recombination hotspots and at
replication origins [24]. Homopurine-homopyrimidine se-
quences could influence transcription through several pos-
sible mechanisms. It has been suggested that the tendency
of these sequences to adopt alternative DNA conforma-
tions such as H-DNA could be used to absorb negative
supercoils generated in the wake of RNA polymerase, fa-
cilitating DNA unwinding within the transcription bubble [24,
25]. Homopurin-homopyrimidine sequences could also
influence chromatin structure by serving as binding sites for
regulatory proteins or important chromatin assembly fac-
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tors. This possibility has been particularly well studied in the
case of the Drosophila hsp26 gene [25]. GAGA binding fac-
tor is believed to affect several steps in the process of tran-
scription particularly causing RNA polymerase |l pausing in
many genes during transcription [25]. This phenomenon may
be related to premature termination of gene transcription.

To test the possibility that homopurine-homopyrimidine
sequences may influence premature termination of TAS3
gene transcription we inserted the clone St.41 into agro-
bacterial vector for transient expression. Epidermal cells of

N. benthamiana leaves were agroinfiltrated with this con-
struct where transcription was driven by 35S promoter. At 4
days post infiltration total RNA was isolated. Three out of 9
clones for transiently expressed C. articulatus TAS3-Sen1
had the poly A tail added in the middle position (similar to
clone St.33 — Fig. 4). The rest of the clones were termi-
nated at the position typical for cauliflower mosaic virus
35S terminator (data not shown). No clones analogous to
St.41 (possessing G/A cluster upsteam of poly (A) were
observed for infiltrated leaf areas (data not shown).

.41 — TTCTTGACCTTGTAAGACCTTTTCTCGACCTTGTAAGACCCAAAAATACCTTTGGTGICTTTTCATTTTTTTGTGT TTTGTATTTTAAATCACTCTCAAGTG

T e e

QQoupge
w
w
|

................. . W
----------------- G----------- — poly(A
------------------------------ — poly(A)
------------------------------ — poly(A)

GTTTGTTCCAACT CGGAATTAAT TAGT TGGTAGAAACAAGCCCTAATATCTCTT
e T Gormmmmm e A---4

-------------------- C----CG------G--------- - T -
-------------------- C----CG------G-------- - T -
__________________________________ G-rmmmmmmmm e
—————————————————————————————————— G---- — poly(A

TGTTAGTAAACAAAATGTAACCTTATTTCTTGGT CTCCTTCTACAAAACAAGAGCC

AAAACCTTTCGTCCGT CATCTTTAAAAAT GCTCCATATATGATGGT ATATTAGAGAGAGAGAGAGAGAGAGAGAGAGAG — pol y( A)
------------------------------------- AG T- - - ACGACG - - TAG — pol y(A)

Figure 4. Nucleotide sequences of full-length and premature terminated transcripts of TAS3-Sen1 genes from S. talinoides (St.),
C. repens (Cr.) and C. articulatus (Ca.). TAS3 ta-siARF region is shaded. Deleted residues are shown as (#)

It was shown recently that alternative polyadenylation
would generate two transcripts from the Arabidopsis
TAS3a locus (At3g17185), only one of which contains both
miR390 binding sites flanking ta-siARF region and would
be subject to miR390-mediated processing [26, 27]. Such
phenomenon allows for more layers of regulation linked to
miRNA and ta-siRNA. For example, the non-protein coding
gene IPS1 (INDUCED BY PHOSPHATE STARVATION 1)
from Arabidopsis thaliana contains a motif with sequence
complementarity to the phosphate (Pi) starvation-induced
miRNA miR-399, but the pairing is interrupted by a mis-
matched loop at the expected miRNA cleavage site [28].
As a result IPS1 RNA is not cleaved but instead sequesters
miR-399. Thus, IPS1 overexpression results in increased
accumulation of the miR-399 target PHO2 mRNA and,
concomitantly, in reduced shoot Pi content. Moreover it
was found that over-expression of several additional
miRNA decoys with non-cleavable miRNA sites result in a
certain degree of specific inactivation of individual mem-
bers of different miRNA families [29]. In principle, the appli-
cation of alternative transcripts of Senecio TAS3 genes as
decoys for the modulation of miR390 activity could be ex-
tended to regulate synthesis of ta-siARF RNAs in different
Senecio species by permitting varying degrees of miR390
inactivation by their own functional TAS3 target genes.
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GENETIC MONITORING OF CIRCULATING INFLUENZA VIRUSES
IN UKRAINE DURING 2010-2011 INFLUENZA SEASON

Pe3ynbmamsi ¢hurioceHemu4YCcKo20 aHasiu3a yKpauHCKUX U30JIsimoe eupyca 2purnna anudemMudecko2o cesoHa 2010-2011 no-
Ka3aJsiu ux cXoxecmsb C maKoebIMU 6 Mupe. AHanu3 Mymauyuli o6HapyXus eaxHble aMUHOKUC/IOMHbIe 3aMeHbl 8 2eHax 2emMaza-

JIWMUHUHa YKpaUuHCKUX U30J/1simoes.

The phylogenetic analysis of Ukrainian influenza viruses during 2010-2011 epidemic season showed their similarity to flu iso-
lates all around the world. Mutation finding indicated significant amino acid substitution in the hemagglutinin genes of Ukrainian

viruses.

Annual influenza epidemics in many countries, consid-
erably in Northern Hemisphere, are caused by continuous
variability of influenza viruses and extreme activity of their
transmission. In fact, epidemic season 2010-2011 has
lower intensity and les number of selected viruses from the
previous 2009-2010 pandemic season.

Monitoring the genetic changes of influenza viruses ap-
peared in our country not long ago, but has already proved
its relevance and necessity. Such data can considerable
speed up the adequate response to new or changed vi-
ruses. So, the work of all public health services in country
was adjusted, after confirmating first selected pandemic
A(H1N1) sw influenza isolate.

The aim of our study was to perform the genetic moni-
toring of influenza viruses isolated in Ukraine and to com-
pare with viruses from other countries which circulated
during the 2010-2011 epidemic season by constructing the
phylogenetic trees.

Materials and methods. Nasopharyngeal swabs and
autopsy materials collected from infected patients, were
received during the epidemic from different regions of
Ukraine. Typing of viruses was performed by real-time RT-
PCR (reverse transcription polymerase latsyuhova reaction
in real time). Strain definition was performed with using the
diagnostic serum sent by Center for Disease Control and
Prevention (CDC Atlanta, USA). For genetic analysis were
used sequences of hemagglutinin gene of Ukrainian influ-
enza viruses A(H1N1)sw, A(H3N2) and B. The GISAID
web resource [1] was used for searching sequences es-
sential for the analysis. The identification and comparison
of obtained sequences was performed in BLAST (Basic
Local Aligment Search Tool) [2]. Phylogenetic comparison
and constructing the phylogenetic trees was performed in
MEGA 5 program software [3] with using the Neighbor-
Joining (combining nearest neighbors) [4] method. The

aligning of sequences was performed with using ClustalW
algorithm [5]. For the statistical evaluation of the results
significance was used Bootstrap analysis with the number
of replications 1000 [6].

Results and discussion. Influenza season 2010-2011
was the first after the pandemic season in Ukraine. The
distinction of this season was early wide circulation of influ-
enza B viruses (autumn 2010) and ongoing circulation of
pandemic A(H1N1)sw influenza viruses (from the second
half of January and until the beginning of April). And only two
of A(H3N2) influenza viruses have been isolated. Genetic
analysis was directed to hemagglutinin genes as those with
high level of variability. More over the hemagglutinin genes
are the primary target for neutralizing antibodies.

Phylogenetic comparison of hemagglutinin (HA)
genes of influenza Asw (H1N1) viruses

The pandemic A (H1N1) sw influenza viruses continued
to be isolated in the 2010-2011 epidemic season despite
their appearence in early 2009 by triple gene recombina-
tion of human, swine and bird influenza viruses [7]. It is
known from the literature that hemagglutinin of pandemic
influenza viruses has classical swine flu virus derivation
(like ones, caused the pandemic of 1918-1919), which dis-
tinguishes them from human or birds influenza viruses [8].

We began to research the hemagglutinin sequences of
Ukrainian isolates from finding similar genetic sequences
with using BLAST search too. So, we found viruses with
high percentages of similarity for the hemagglutinin genes:
isolate from a 36 years old man, who has ill after contact
with a sick animal — A/Ohio/01/2007 (the similarity 93%),
and swine influenza virus — A/swine/lllinois/1/1975 (similar-
ity — 87%). Also in analysis were taken the reference strain
of seasonal human influenza virus (H1N1) — A/New Cale-
donia/20/1999 with 7% similarity (Fig. 1.).

© Leibenko L., Onischenko O., Golubka O., Babii S., Mironenko A., 2012
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Fig.1. Phylogenetic tree of hemagglutinin (HA) gene sequences of influenza A(H1N1)viruses constructed by NJ method
with Kimura 2-parameter model (Bootstrap values are indicated)

According to the results of Hemagglutinin inhibition (HI)
assay our isolate A/Lviv/IN6/2009 was selected as refer-
ence strain due to its low binding activity to ferret antisera
comparing to the vaccine strain A/California/07/2009 (in
titer of 160 against 1280).

Having completed all steps of analysis, we obtained
phylogenetic tree where hemagglutinin genes of Ukrainian
isolates comparably to viruses isolated in other countries,
including vaccine and reference strains (Fig. 1.). We can
see from the figure that viruses isolated in Ukraine in au-
tumn 2010 placed at the bottom of phylogenetic tree near
the reference strain A/Lviv/IN6/2009. But isolates fron early
2011 had gained changes that determined them in another
cluster. Also we have found one exception -
A/Donetsk/4543/2011, which remained genetically similar to
isolates from autumn 2010, although was isolated in 2011.

Also, for more detailed analysis of the hemagglutinin
gene of pandemic influenza viruses, we constructed a phy-
logenetic tree, with only pandemic influenza viruses
(Fig. 2.). More over, we find amino acid differences in se-

quences of hemagglutinin proteins of Ukrainian isolates in
comparison with the vaccine and reference strains. Three
isolates, A/Ukraine/130/2011, A/Ukraine/135/2011 and
A/Ukraine/182/2011 formed a separate cluster with viruses
isolated in Brussels and Slovakia according their differ-
ences. In hemagglutinin of these viruses were found follow-
ing amino acid substitutions: S143G (glutamine changed
serine at position 143) and A197T (threonine changed
alanine at position 197).

In addition, isolate A/Ukraine/135/2011 showed poly-
morphism in the nucleotide sequence encoding the 155
amino acid residue of hemagglutinin protein. According to
the World Influenza Centre (London) polymorphism or nu-
cleotide substitution in the region, which encodes residues
from 153 to 157 is often associated with low binding ability
to antisera. It is interesting that the polymorphism in this
region was not observed in clinical samples. It can be an
artifact of reproduction in cell culture, especially for the
MDCK-siat line, that ceased to use in study of influenza
A(H1N1)sw viruses [9].
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Fig. 2. Phylogenetic tree of hemagglutinin (HA) gene sequences
of pandemic influenza A(H1N1)sw viruses constructed
by NJ method with Kimura 2-parameter model (Bootstrap values are indicated)

All pandemic influenza viruses isolated in our country
has preserved similarity to vaccine strain
A/California/07/2009 near 98%, but showed minor changes
in the hemagglutinin genes(Fig. 2.).

Phylogenetic comparison of hemagglutinin (HA)
genes of influenza B viruses

All isolated and sequenced influenza viruses type B be-
longed to B/Victoria/2/87genetic branch that was dominat-
ing worldwide during this epidemic season (about 85%). As
we can see from the phylogenetic tree (Fig. 3) all Ukrainian
isolates (marked blue) were similar to the vaccine strain
B/Brisbane/60/2008, except few mutations.

Amino acid substitutions in hemagglutinin of Ukrainian
influenza B viruses: N75K (aspartic acid at position 75 of

hemagglutinin protein is replaced by the lysine), N165K
(aspartic acid is replaced by lysine at position 165) and
S175P (serine replaced by proline at position 175) deter-
mined them into cluster B/Brisbane/60/2008-like viruses.
And mutation that caused the L58P substitution (leucine
replaced by proline at position 58) grouped all sequenced
influenza viruses type B, isolated in Ukraine into single
cluster, which included most of the selected isolates in
this season (Fig.3.). Also Ukrainian isolate
B/Odessa/3886/2010 was selected in London as the ref-
erence strain (Fig. 3.) among the viruses cultivated L58P
substitution.
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Fig. 3. Phylogenetic tree of hemagglutinin(HA) genes
of influenza viruses type B B/Victoria/2/87 line constructed
by NJ method with Kimura 2-parameter model (Bootstrap values are indicated)

Phylogenetic comparison of hemagglutinin (HA)
genesofinfluenza A (H3N2) viruses

We have selected only two isolates belonged to
A(H3N2) subtype:A/Khmelnitsky/1340/2010 and
A/Ukraine/175/2011, isolated in our laboratory during the
2010-2011epidemic season. They amounted to 1% among
the total number of influenza viruses isolated in Ukraine.
This subtype of influenza A viruses was isolated in USA,
Canada, Europe, Africa, Hong Kong and Argentina.

Phylogenetic analysis showed that virus isolated in
Khmelnytsky has located near A/Brisbane/10/2007 and
A/Wisconsin/67/2005 viruses — earlier representatives of

this genetic branch. This mean that isolate was evolutionar-
ily "old", and has preserved genetic similarity to viruses
2005 - 2007 years (Fig4.). As for isolate
A/Ukraine/175/2011, it located within A/Victoria/208/2009
cluster, which included the majority of influenza A(H3N2)
viruses from this epidemic season. Isolate
A/Ukraine/175/2011showed the greatest genetic similarity to
viruses isolated in Brazil, Moldova, Russia, etc., which were
joined into subclaster A/Pert/10/2010-like viruses (Fig. 4.).
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Fig. 4. Phylogenetic tree of hemagglutinin(HA) gene influenza A(H3N2)viruses constructed by NJ method
with Kimura 2-parameter model (Bootstrap values are indicated)

Influenza A(H3N2)viruses, isolated during the 2010-2011
epidemic season in the world belonged to both Victoria and
Pert clusters due to their genetic differences in the hemag-
glutinin. MutationsR261Q, E50K, P162S, N133D, R142G
A212T and V213A were observed within A/Perth/16/2009
cluster, that differ viruses from A/Brisbane/10/2007. In clus-
ter A/Victoria/208/2009 were observed next substitution in
the hemagglutinin gene: N145S, V223l, N312S, D53N,
Y94H, 1230V, E280A and S312N (Fig.4.).

Hemagglutination inhibition assay showed that all Ukrainian
isolates reacted in high enough titres with strainspecific serum
to reference strains. It demonstrates their antigenic affinity to the
vaccine strain A/Perth/16/2009.

Conclusions. The analysis of circulating influenza vi-
ruses in 2010-2011 epidemic season in Ukraine showed
that epidemic was caused mainly by influenza viruses type
B (up 55% of all selected viruses). Almost 45% of influenza
isolates were similar to pandemic A(H1N1)sw strain. And
only 2 isolates belonged to subtype A(H3N2).

Pandemic viruses A (H1N1)sw isolated in Ukraine were
placed within two clusters, according their genetic struc-
ture. The amino acid substitutions N75K, N165K and
S175P identified Ukrainian isolates type B as
B/Brisbane/60/2008-like viruses. Phylogenetic analysis of

influenza A(H3N2) viruses showed that isolate
A/Khmelnitsky/1340/2010 located near A/Brisbane/10/2007
viruses — earlier representatives of this genetic branch. And
virus A/Ukraine/175/2011 located within
A/Victoria/208/2009 cluster, and showed the greatest ge-
netic affinity to the A/Pert/10/2010-like viruses.All isolated
in 2010-2011 influenza season viruses were antigenically
related to vaccine strains.
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for reconstructing phylogenetic trees // Molecular Biology and Evolution. —
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FEATURES OF POLYPEPTIDE COMPOSITION OF PHAGES ISOLATED
FROM ANTARCTIC SAMPLES OF SOIL AND MOSS ON DIFFERENT BACTERIA STRAINS -
XANTHOMONAS AXONOPODIS PV. BETICOLA 7325 AND ERWINIA CAROTOVORA 216

UccnedoeaHue mopghosiozuu u nonunenmudHo20 cocmae ¢hazoe, ebi0e/IeHHbIX U3 aHmapKkmu4yeckux obpa3uyoe no4en! u
mxa Ha 6akmepusix Xanthomonas axonopodis pv. eeticola 7325 u Erwinia carotovora 216 IMV. [nsi uccnedyemsix ¢hacoe, nodo-
6HbIX MOpghosio2udecku, nokazaHa Noo6Hocmb u e nosunenmudHoMm cocmaee. ['pynna nodobHbIx ghazoe dughepeHyuuposa-

Jiacb Mo cocmaey MUHOPHbIX 6enkos.

The morphology and polypeptide composition of phages isolated from Antarctic samples of soil and moss on bacteria
X. axonopodis pv. beticola 7325 and E. carotovora 216 IMV were studied. For phages similar morphologically, similarities and
polypeptide composition were shown. Group of similar phages differ in composition of minor proteins.

Introduction.Even though bacteriophages play a major
role in maintaining ecological balance of microbial communi-
ties, their potential influence on biogeographical patterns of

bacterial communities remain greatly under-investigated.
Features of their evolutionary relationships, adaptation to

© Mas O., Puhach O., Andriychyk O., Polischuk V., 2012
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bacteria hosts in extreme climatic conditions and functioning
of such communities still require a detailed investigation [1].

One of the most important tasks is characterization of
phages isolated directly from environment. Generalization
of patterns will allow understanding the circulation of
phages in nature, evolutionary changes in their populations
within local regions.

However, Antarctic viral ecology is not sufficiently stud-
ied, there's virtually no dataon functioning of "phage-
bacteria" system in ecological niches characterized with
extreme conditions. Therefore, description of biodiversity
phages and bacteria in Antarctic ecosystems and determin-
ing their ecological role is necessary [2].

The aim of this work was a comparative characteriza-
tion of protein composition of phages which were isolated
from Antarctic samples of soil and moss on bacterial
strains X. axonopodis pv. beticola 7325 and E. carotovora
216 IMV. An investigation of these phages characteristics
is important to establish the range of phage propagation, to
study evolutionary processes in phage populations and to
analyze dependence of changes in the structure of phage
reproduction on different hosts.

Materials and methods. Samples of soil and moss,
which were selected during seasonal work on the Argentine
Islands archipelago in locations Ukrainian Antarctic station
"Akademik Vernadsky", were analyzed. Samples of soil and
moss were selected from different areas of the islands. It
were taken and kept in sterile plastic bags in the freezer. All
further studies were conducted after delivery to Ukraine.

5 g of sterile material were taken and brought to 50 ml
of 0.1 M Tris-HCI buffer. The filtrate was collected and

S w

18,4-' = ™

14,4 S

bacteriophage particles were collected by ultracentrifuga-
tion at 100,000 x g for 2 h. The pellet was resuspended in
0.5 ml 0.1 M Tris-HCI buffer (pH 7.0).

Phages detected by direct inoculation. Titers were de-
termined in plaque forming unit per ml (PFU/ml) by agar-
layer technique by Gratia [3].

Preparations of concentrated phage were analyzed by
TEM [4]. Electrophoretic characteristic of polypeptide com-
position of phages analyzed by Laemmlimethod using 14%
resolving gel and 5% stacking gel, followed byCoomassie
Brilliant Bluestaining [5]. Determination of molecular weight
of proteins was performed using a set of marker proteins
LMW (Fermentas): 116 kd — B-galactosidase from E.coli,
66,2 kd — Serum Albumin Bovine; 45 kd — Ovalbumin;
35 kd — Lactate dehydrogenase; 25 kd — REase Bsp98I
from E.coli; 18,4 kd — B-Lactoglobulin from bovine milk,
14,4 kd — Lyzozyme from chicken egg white.

Results and discussion. Electron microscopy studies
revealed that isolated phages fall into two morphological
groups characterized with: i) isometric heads and long non-
contractive tail (B1-morphotype, relates to the Siphoviridae
family, isolated from moss and soil and accumulated on X.
axonopodis pv. beticola 7325; isolates Ne3, 4, 8, 9); and ii)
isometric heads and short non-contractive tail (C1-
morphotype, relates to the Podoviridae family, order Cau-
dovirales, accumulated on E. carotovora 216; isolate Ne11).

Polypeptide composition of phages is represented in
Figure 1. Account of electrophoregram performed using the
software "TotalLab TL120". The results of calculations are
presented in Table 1.

Fig. 1. Electrophoregram of polypeptide separation of phages in the system Laemmli.
Lanes: 1 — molecular weight marker LMW (Fermentas); 2, 3 — phages isolated from moss
on sensitive bacterium X. axonopodis pv. beticola 7325, 4, 5 — phages isolated from soil
on sensitive bacterium X. axonopodis pv. beticola 7325,

6 — phage isolated from soil on sensitive bacterium E. carotovora 216
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Table 1. Molecular weight of phages polypeptides

Molecular weight, kd
Lane Ne 1 2 4 5 6
Marker (kd) Isolate 3 Isolate 4 Isolate 8 Isolate 9 Isolate 11
Band Ne
1 116 116,851 118,147 118,554 119,376 108,931
2 66,2 107,935 108,805 109,82 109,878 94,187
3 45 72,461 71,389 72,079 72,039 71,304
4 35 56,273 55,573 57,559 57,337 44,247
5 25 43,275 43,196 43,412 46,986 39,842
6 18,4 34,356 34,292 39,877 43,182 37,099
7 14,4 20,427 20,371 34,477 34,54 30,808
8 19,139 19,081 32,128 20,208 16,873
9 18,579 18,519 20,048 18,43
10 18,4

Research of protein composition of virions by
electrophoresis system Laemmli allowed to set specific
features among phages. Similarity of profiles identified
polypeptides were characterized for all phages. Maybe,
first passages on some bacteria-hosts influenced on
phages. As seen in Fig. 1, phages formed two conventional
groups according to the virions morphology and to the bac-
teria strains at which they were isolated (tracks 2, 3, 4, 5 —
the first group; track 6 — the second group). Differences
were observed mainly on the composition of minor poly-
peptides within the group of phages depending on
thesource ofvirus isolation.Isolates Ne3 and Ne4 have a
similar polypeptide composition by number of proteins and
in molecular weight (may belong to the samebasicgroup)
which differs from the polypeptide of isolates Ne8 and Ne9
thatwere isolatedfrom another source (moss).

A difference in composition of minorproteins within the
group of phages suggests the impact of restriction — modi-
fication system or recombination processes in the host
cells. In our opinion, the presence of minor differences in
each studied phages may be result of mosaic theory of
DNA phages evolution. Evolution of phages is associated
with horizontal transfer of certain genetic modules [6]. Ac-

tive phages, which take part in recombination exchanges,
are source of genetic modules [7].

Conclusions.Phages, which were studied, have a high
rate of similarity. Phages could get individual features by
mutation or by exchanging DNA modules with other
phages within their areal. In consideration of phages were
isolated from nature, these results can reflect some evolu-
tionary process in phage population.
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FISH RNA VIRUSES

Bbino npoeedeHo obcnedoeaHue pbi6 u3 pa3Hbix ¢hepm U 800oemMoe YKpauHbl Ha Haslu4ue supycHol uHgekyuu. lMonyyeHsbi
u3os1simbl 8UpPycoe8 eeceHHel supemuu kapna (SVCV) u uHgheKyuoHHO20 naHkpeomu4yecko2o Hekpo3a (IPNV), a makxe usy4eHbl
ux 6uonozu4yeckme ceolicmea Ha Kynbmype kiemok. [ns monekynsipHol duazHocmuku SVCV, memodom [P, nodobpaHa napa

npatimepos.

The fish from different farms and water bodies of Ukraine were observed for the presence of viral infection. Spring viraemia of
carp virus (SVCV) and Infectious pancreatic necrosis virus (IPNV) were isolated and their biological properties were investigated.
The pair of primers was designed for PCR identification of SVCV in fish clinical material.

The main objectives of ichtyopatological research at
this stage of development of Ukrainian aquaculture are
studies of epizootic situation in fish farms in current envi-
ronmental conditions, prevention of fish diseases and their
early diagnostics based on modern techniques. Especially
dangerous viral pathogens of fish are a group of RNA-
containing viruses such as rhabdoviruses, which include
the spring viraemia of carp virus (SVCV), virus haemor-
rhagic septicemia (VHS) virus and infectious hematopoietic
necrosis of tissue (INN). It is important to mention also an-
other representative of this group — aquabirnavirus, which
causes salmon pancreas disease (IPNV) [1,2].

SVCV causes carp spring viraemia. The disease occurs
as an epizootics type, is characterized by the development
of septic process and ends with high fish mortality reaching

30-40% and sometimes 70% [3]. Reproduction of SVCV
occurs in the endothelial cells of blood capillaries, hemato-
poietic tissue and nephrons. Infectious pancreatic necrosis
virus was isolated from young rainbow trout (Oncorhynchus
mykiss) held under intensive rearing condition. As his infec-
tion develops in trout, following pathological sings are re-
corded: disorders of motor coordination, skin darkening,
significant pathological changes in the pancreas, liver,
spleen and other parenchymal organs, and mortality of fish
juveniles reaches 50-70%.

An optimal composition of the buffer was selected for
preserving virus during its transporting to the laboratory.
Electron microscopic investigations demonstrated that
IPNV is an icosahedral-shaped virus appearing as a six-
sided structure having 65-85 nm in diameter (Fig.1).

© Matvienko N., Kharkavliuk N., 2012
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Fig.1. Transmission electron micrographs of the SVCV isolated from carp (Cyprinus carpio) (a)
and IPNV isoladet from rainbow trout (Oncorhynchus mykiss) (b)

Virus identification was made using enzyme-linked im-
munosorbent assay (ELISA) on the TestLine systems and
using PCR method (RT-PCR) [4].

Material and methods. The materials for virological
studies were selected at fish farms and natural water bod-
ies of different regions of Ukraine. Most viral isolates were
isolated from carp fry andrainbow trout yearlings with signs
of viral lesions. Isolation and identification of viruses were
carried out with the aid of classical virology methods.

Isolates of SVCV and IPNV were identified and investi-
gated. For PCR analysis, including RNA isolation, cDNA
synthesis, amplification and detection, we used "Kit-A" and
"Revertaza-L" (AmpliSensyTM, Russia)kits.The setting

reaction was carried out according to manufacturer's
protocols. Detection of results was performed by
electrophoresis [5,6].

For the selection of the most efficient primers, we
performed a comparative analysis of nucleotide sequences
in the region, which encoded the RNA-dependent DNA
polymerase and used the "Vector" software [7,8].

Results and discussion. Cultural properties of SVCV
were investigated on cell lines EPC, BF-2 and FHM. A repro-
duction of the SVCV was accompanied by a distinct cytopato-
henic action and led to the complete destruction of monolayer
within 5-7 days, virus titers were thus 108475 TCIDs/0,1ml,
optimum cultivation temperature is 19-22 °C (Fig.2).

Fig. 2.The cytopathology of investigated cell lines after infection by SVCV. Normal monolayer of EPC (a)
and after infection with carp rhabdovirus (b)

Studiers of IPNV cytopatohenic were performed on cell
lines BF-2, FHM, RTG-2. The first morphological changes
were observed within 24 h after inoculation. At the same
time advancing complex degenerative processes that ac-

companied the advent of the cell vacuoles, granularity,
cells retained elongated shape or rounded. Titer of virus
was 10°2%4 TCID 50/0,1ml (Fig3).

Fig.3. The cytopathology of investigated cell lines after infection by IPNV. Normal monolayer of FHM cells (a)
and after infection with aquabirnavirus (b)

When studying physical and chemical properties of
SVCV, we found that the treatment with chloroform and
warming up to 56 °C results in completely loss of viral in-
fectious activity. It was shown that the virus is resistant to
pH ranging from 3.0 to 10.0.

Results of biochemical studies allow considering in-
crease the formation of lipid peroxidation products in the
body of a carp affected by SVCV as one of the links in the
pathogenesis of the disease.
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We matched pairs of primers that allow specific identifi-
cation of SVCV in clinical material from fish. The compara-
tive analysis of nucleotide sequences in the region encod-
ing the RNA-dependent DNA-polymerase of birnaviruses.
Primers for PCR synthesized from two conserved regions
flanked by variable segment gene VP2 IPNV strain N1
(568-585 nd and 164-184 nd) through assumptions that our
isolates belong to the European serotype.

Was investigated the biological characteristics of iso-
lates of two major viruses of fish belonging to the group of
RNA-containing viruses.
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POLIOVIRUS INFECTION PROBLEMS IN UKRAINE

MockonbKy Ha ce200HSI NpeKpaweHue YUPKYISAUUU eupycoe rnosiuomMuesniuma € Mupe ocmaemcsi akmyasbHbIM 60rpoCoM,
Onsi KOHMPosIs HAd COCMOSIHUEM 3aWUWeHHOCMU HacesleHus1 YKpauHbl Oom foJiuo8ypycHoOU UH(eKyuu, ucciedoeaHo ypoeeHb
aHmumern e cbieopomke Kpoeu 300p08020 HacesleHUsl, a makxe rnpoeedeH c60op GaHHbIX MO NMPoeedeHUl0 8aKUUHOMNPOgUNak-

muku y demeli coz2s1acHo ¢ KasieHOapeM npueueoK.

Since cessation of world's poliovirus circulation remain topical issue today, levels of antibodies in the blood serum of healthy
population was investigated and was conducted data for vaccineprophylaxis in children. Those studies was developed for

Ukrainian population security from poliovirus infection.

Polio — an acute infectious disease characterized by
general toxic symptoms and CNS injury by type of peripheral
flaccid paresis and paralysis. Poliovirus, the causative agent
of poliomyelitis, is a human enterovirus and member of the
family of Picornaviridae. There are three types of viruses:
Type | (strain Brunhilde), type Il (Lansing strain), type Il
(strain Leon). They are quite persistent in the environment.

Comprehensive study and scientific reasoning of the
epidemiological surveillance system of poliomyelitis was
the key to its eradication in most parts of the globe [1, 2].

But the problem of polio at present certainly not solved
[3, 4]. This is evidenced by the epidemic, which in recent
years there in the world and even in countries where for
many years they were not registered [5, 6, 7].

For some infectious diseases, including polio, the main
means of prevention is vaccination.

Maintaining the status of Ukraine as a territory free from
polio depends primarily on the state of immunization of infec-
tion, as measured level of specific population immunity, and
the percentage of people exposed to polio infection.
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The aim of this work was to assess the levels of
antibodies to the vaccine strains of polioviruses 1, 2, 3
types in human blood serum, as well as studies of the
vaccineprophylaxis in Ukraine.

Materials and methods. Materials: serum of healthy
people aged over 25 years living in different regions of
Ukraine;data on vaccination in children from different re-
gions of Ukraine. Methods: micromethod of neutralization
reaction in cell culture Hep-2 [8].

Results and discussion. According to data obtained
from regional SES Ukraine during 2009-2011., the analysis
of the success of polio vaccination in children was con-
ducted. Full vaccination complex involves the introduction
of inactivated and oral polio vaccine to children less than
one year, 18 months, revaccination at 6 and 14 years. Es-
tablished in 2011, the percentage of children who received
the vaccine was the lowest compared with 2009 and 2010.
(Fig. 1.). It is shown that the level of polio vaccination of
children is not satisfactory, because this figure should not
be less than 95% for epidemiological welfare.
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Fig. 1. The status of vaccination in children in 2009-2011

It was shown that index of antibodies to polioviruses 1,
2, and 3 types were at a sufficient level in children under
15 years. For example, 60.4% of children had sufficient
antibody levels (1:16-1:64) for type 1 poliovirus (Fig. 2.). In
type 2 polioviruses this figure was 61.4%, for type 3 poliovi-

ruses — 57.5%. However, high antibody titers (1:128-1:256
and above) to type 1 polioviruses was observed only in
29.9% of individuals, to type 2 polio virus — 28%, to 3 types
—only in 14.5% of children.

© Mironenko A., Fesenko A., 2012
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Fig. 2.The antibody levels to three types of polioviruses in children in 2011

For the study of immunity to polioviruses of all age
population groups it was investigated serum of the adult
population aged 25-65 years and older (Fig. 3.). Studies
were conducted on cultured cells HEp-2 with vaccine
strains of polio viruses 1, 2, 3 types and sera of subjects.

It is shown that the lowest levels of antibodies in the
adult population were observed to poliovirus type 3. Thus,
67.2% of people were totally unprotected, 31.4% of sub-
jects had low antibody titers (1:4-1:8), and only 1.4% —
satisfactory titers. Among the samples of blood serum
were not detected such, had high levels of antibody titers
to type 3 poliovirus.
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A somewhat different pattern was observed in the study
of antibodies to poliovirus type 1. It is shown that 45.7% of
the population were not protected (titer <1:4), were poorly
protected 40% of those 34.4% had satisfactory antibody
levels (1:16-1:64), the rest 2.8% — high levels of antibodies
to polioviruses type 1.

For type 2 polioviruses 10% of the adult population of
Ukraine appeared unprotected, the vast majority (47.2%)
patients had low levels of antibodies to type 2 virus, the
mean values of antibody titers were observed in 11.4% of
people, and the smallest percentage (only 1.4 %) people
had high levels of antibodies.
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Fig. 3. Status of immunity to polioviruses 1(P1), 2(P2), 3(P3) types in the adult population in 2011

Thus, we can conclude unsatisfactory conduct vaccina-
tion among children and the general low level of antibodies
against polio viruses of three types in the population of
Ukraine. The first phenomenon can be explained by the fail-
ure parental cases of vaccination of their children, that had
increasingly distributed nature among the population. Low
levels of antibodies to polioviruses in the population of
Ukraine, possibly due to the lack of circulation of wild strains
of polio virus in the country. Subject to obtaining the full in-
duced complex formed lasting immunity provided by memory

cells. But if immune system does not meet with the agent for
a long time, antibody levels accordingly reduced.
Conclutions. Thus, it was found that the level of
vaccination to children under one year, 18 months., 6 years
and 14 years, in accordance with the vaccination calendar
in 2011 is much lower than in 2009-2010. However, levels
of protective antibodies in children under 15 years in most
cases had average levels (titre value within 1:16-1:64).
Analysis of immunity to polio virus in the adult population in
2011. showed that persons aged 25-64 years and older
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had low levels of antibodies to all three types of
polioviruses, only a small percentage (1.4% -2.8%) of
subjects had high titers of antibodies, antibodies to polio
type were absolutely absent.
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DISTRIBUTION OF CACTUS VIRUS X IN SOME BOTANICAL GARDENS OF UKRAINE

lpoeedeHo ob6cnedosaHue pacmeHuli cemelicmea Cactaceae e konnekyusx Hukumckozo 6omaHuyeckoz2o cada u 6omaHu-
4Yecko2o cada XapbKOBCKO20 HalyUuOHaJlbHO20 yHueepcumema umeHu H.B. Kapa3uHa. OnucaHbl cUMNMOMbI UHGUUUPOBAHHbIX
pacmeHul. Ceolicmea eo36ydumeneli uccsedosasiu ¢ MOMOWbI pacmeHuli-uHOukamopoe, HenpsiMo2o APA u mpaHCMUCCUOH-
Holi anekmpoHHOU MuKpockonuu. Onupasicb Ha ceposio2uyeckue, 6uosiocudeckue u MopghosiocuyecKue xapaKmepucmuku u3o-
JIupoeaHHO20 8upyca, Mbl MOXXeM MPednosIoXumb, Ymo GaHHbIlU NamozeH siesisiemcsi podcmeeHHbIM X eupycy Kakmyca.

Screening of Cactaceae on virus diseases in the collections of Nikitsky Botanical Garden and Botanical garden of Karasin's
Kharkiv National University has been conducted. Different symptoms were detected on virus-infected plants. To define properties
of the indicated pathogen methods of host assay, indirect ELISA and transmission electron microscopy were employed. Basing

on serological, biological and morphological properties, we suggest that isolated virus is related to Cactus virus X.

Introduction.The culture of cactuses in modern floricul-
ture occupies one of leading places. In accordance with
literary data about 10 viruses are able to affectthe mem-
bers of Cactaceae family: Cactus virus X, Schlumbergera
virus X, Opuntia virus X, Zygocactus montana virus X, Sa-
guaro cactus virus, Sammons' Opuntia virus, Cactus virus
2 (CV2), Cactus mild mottle virus, Impatiens necrotic spot
virus and Tomato spot wilt virus [3,4]. Among them Cactus
virus X is one of most dangerous. Cactus virus X is trans-
mitted by mechanical inoculation, grafting and by contact
between plants. [1,5,6]

Materials and methods. We have been collected
plants with virus-like symptoms: Mamillaria microhelia,
Ausrocylindropuntia tunicata, Monvillea sp., Sulcorebutia
sp., Bolivicereus samupatanus, Opuntia sp., Ferocactus
sp., Thelocactus chrenbergii, Trichocereus bridgesii, Ma-
millaria magnimamma, Agave furcrea, Opuntia sp., Cereus
sp., Astrophytum capricorne, Cereus sp., Astrophytum
myriostigma, Astrophytum myriostigma v. nudum from
greenhouse collection of Nikitsky Botanical Garden and
Ritterocereus pruinosus from the collection of Karazin' Bo-
tanic Garden of Kharkiv National University. Infectivity of
disorders was confirmed proved using indicators plants

Fig.1. Necrosis on the stem
Astrophytum myriostigma v. nudum

typical for majority cactus viruses such as Chenopodium
murale, Datura stramonium, Gomphrena globosa, Nico-
tiana rustica. Virus identification was carried out using indi-
rect ELISA [2]. Same samples of plants of Cactaceae fam-
ily were analyzed in electron microscopy at 30,000 magni-
fication. [7]. Electrom microscopic examination we con-
ducted with an Jem electron microscope. Crude sap prepa-
rations were negatively stained with 2% uranyl acetate.

Results and discussion. Cactus plants demonstrated
different symptoms of virus infection. On some plants
(Mamillaria microhelia, Ferocactus sp., Thelocactus chren-
bergii, Trichocereus bridgesii, Mamillaria magnimamma,
Agave furcrea, Opuntia sp., Cereus sp., Astrophytum ca-
pricorne, Cereus sp., Astrophytum myriostigma from
greenhouse collection of Nikitsky Botanical Garden and
Ritterocereus pruinosus from the collection of Karazin' Bo-
tanic Garden of Kharkiv National University) we observed
mosaic symptoms, on other plants (Ausrocylindropuntia
tunicata, Monvillea sp., Sulcorebutia sp., Bolivicereus
samupatanus, Opuntia sp., Astrophytum myriostigma
v. nudum from greenhouse collection of Nikitsky Botanical
Garden) — symptoms of necrosis (Fig.1,2).

Fig.2. Mosaic on the stem Ferocactus sp.

© Mudrak T., Kompanets T., Korotyeyeva G., Polischuk V., 2012
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To define biological properties of the pathogens, we
conducted a host assay using indicator plants. Indicator
plants were inoculated with sap obtained from cactus
plants demonstrating virus-like symptoms. Necrotic local
lesions observed on Chenopodium murale and Gomphrena
globosa were typical for Cactus virus X (CVX) [5,6]. In indi-
rect ELISA we observed positive reactions with sap Mamillaria
microhelia, Sulcorebutia sp., Bolivicereus samupatanus,
Opuntia sp., Ferocactus sp., Mamillaria magnimamma,
Opuntia sp., Cereus sp., Astrophytum capricorne,
Astrophytum myriostigma and Ritterocereus pruinosus with
antiserum to Potato virus X (PVX, which is serologically
related to Cactus virus X).

Comparing the results of bioassay and ELISA tests we
further focused on samples of Mamillaria microhelia,
Sulcorebutia sp., Bolivicereus samupatanus, Opuntia sp.,
Ferocactus sp., Mamillaria magnimamma, Opuntia sp.,
Cereus sp., Astrophytum capricorne, Astrophytum myrio-
stigma from collection of Nikita Botanical Gardenand Rittero-
cereus pruinosus from the collection of Karazin' Botanic
Garden of Kharkiv National University. These plants were
probably infected with CVX. To confirm our assumption
about CVX infection and to study the morphology of the
pathogen we carried out transmission electron microscopy. In
sap of all plants we registered filamentous virions with size
580x13 + 2 nm (Fig.3), which is typical for Cactus virus X.

Fig.3. Electron micrograph of flexible particles from plant material from Ferocactus sp.

Summarizing the obtained results it is possible to assert
that collectionsof Nikitsky Botanical Garden and Botanical
garden of Karasin's Kharkiv National University were
contaminated by Cactus virus X. Exchange collection
material without testing on virusinfection, can increases
chances of uncontrolled distributionof viral infections. Some
infections are symptomless. In this case the asymptomatic
virus infectionin cactus makes a danger because these
plants can become thesource of distribution pathogens in
collections. In addition,cactuses could support reproduction
of viruses other typesof plants and, thus, be the reservoirs
of plant virus infections.A timely exposure and permanent
control of the stateof population of these cultural plants is
the obligatory link ofthe system of their protecting from this
group of pathogens.
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ELECTRON MICROSCOPY AND BIOLOGICAL PROPERTIES
OF THE PATHOGEN AFFECTING PLATANTHERA BIFOLIA

lpoeedeHo ob6cnedoeaHue 6osbHbIX pacmeHull Platanthera bifolia, omo6paHHbix € KaHueckom npupodHoM 3anoeedHuKe.
Bbina doka3zaHa UHGheKUUOHHOCMb COKa, a maKXe 803MOXHOCMb MexaHu4eckol nepedaqu eupyca. MemodomM mpaHCMUCCUOH-
HoOU 3/1eKMPOHHOU MUKPOCKONMuU 8 obpa3yax nopaxeHHbIX pacmeHull 6bi1u ebisienieHbl cghepudeckue aupycornodobHble yac-
muysbl, duamempom okoJs1o 50 HM. CoaiacHoO Mopghosio2uyecKUM ocobeHHOCMSM, 8upyc, ebi0enieHHbIl u3 pacmeHul Platanthera
bifolia, moxxem npuHadnexxams Kk cemelicmay Caulimoviridae.

The plants of Platanthera bifolia collected in Kaniv National Reserve were observed. The infectivity of plant sap and viral ca-
pability to transmit in mechanical manner were confirmed. The spherical particles with diameter about 50 nm were observed in
preparations from symptomatic leaf tissue in transmission electron microscope. According to viral morphology the pathogen of

Platanthera bifolia may be a member of Caulimoviridae.

Introduction.Orchidaceae Juss. is one of the biggest
families of flowering plants which includes about 35 000
species. They can be found all over the world excluding
deserts and Polar Region [2]. Viral diseases of orchids are
known from the middle of XX century [4]. Until now more
over 30 viruses of orchids have been described [8, 10]. The

majority of these viruses were detected as pathogens of
tropical orchids which are cultivated in situ. On the other
hand the viruses of terrestrial orchids of temperate zone
are studied not enough. The infection of Cypripedium sp.,
Orchis sp., Ophrys sp. by Tobacco rattle (TRV) and Turnip
mosaic virus (TuMV) were described [5]. Also the antigens

© Peregudova A., Korotyeyeva G., Kompanets T., Polischuk V., 2012
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to Arabis mosaic virus (ArMV), Bean yellow mosaic virus
(BYMV), Tobacco mosaic virus (TMV),Tomato aspermy
virus (TAV), TRV and TuMV were detected in orchids of
natural Ukrainian flora [1].

Materials and methods. Plant material was collected
in Kaniv Natural Reserve (Snakes' Islands). For further
investigation we used plants of Platanthera bifolia with typi-
cal viral symptoms (fig. 1).

Figure 1. Necrotic lesions on the leaves of Platanthera bifolia

Virus identification was carried out using standard indi-
rect ELISA and DAS-ELISA with polyclonal antiserums to
Cucumber mosaic virus (CMV), Tomato spotted wilt virus
(TSWV), Potato virus Y (PVY), BYMV, TAV, TMV, TRV,
TuMV and Cauliflower mosaic virus (CaMV).

Biological properties of viruses were studied using fol-
lowing test-plants: Chenopodium murale, Gomphrena glo-
bosa, Lycopersicon esculentum, Nicotiana alata, N. ben-
thamiana, N. rustica, N. tabacum, Petunia hybrida and Zin-
nia elegans. The test-plants were inoculated in early stages
of growth by mechanical sap transmission, applying car-
borundum as an abrasive. The inoculum was prepared by
homogenizing plant tissue with 0.1 M phosphate buffer
(pH 7.4) and followed by centrifugation (5000 rpm for 20 min).

The morphology of virions were studied in leaf dip prepa-
rations negatively stained with 2% uranyl acetate EM using a
JEM-1400 electron microscope, magnification 60 000.

Results and discussion. The ELISA testing revealed
no antigens of BYMV, CMV, TAV, TMV, TRV, TSWV,
TuMV and PVY in samples of infected P. bifolia.

The sap of necrotic leaves from P. bifolia were experi-
mentally inoculated to the range of test-plants, common for
many polyhostal viruses [3, 7]. All inoculated plants show
no local reaction but L. esculentum, N. benthamiana, N.
rustica and N. tabacum reacted systemically. The systemic
symptoms of viral infection appeared two months after in-
oculation. No visual symptoms were observed on C. mu-
rale, G. globosa,P. hybrida and Z. elegans (table 1).

Table 1. Reaction of-test plants inoculated with sap from Platanthera bifolia

Test-plant

Symptoms

Chenopodium murale

I

Gomphrena globosa

-

Lycopersicon esculentum

Chlorotic lesions, leaf deformation

Nicotiana alata

-

Nicotiana benthamiana

Mosaic

Nicotiana rustica

Mosaic

Nicotiana tabacum

Chlorosis

Petunia hybrida

-

Zinnia elegans

-

*"-/-" — no visual symptoms

EM examination of infected plants tissue revealed the
presence of spherical virus-like particles about 50 nm in
diameter (fig. 2). Such morphology are typical for represen-

tatives of Caulimoviridae:
Petuvirus, Soymovirus [9].

Caulimovirus, Cavemovirus,

Figure 2. Electron micrograph of virus-like particles in the sap of infected plants
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The majority of viruses belonging to the listed genera
can be transmitted by mechanical inoculation. The reaction
of test-plants eliminates such viruses as Blueberry red
ringspot virus, Cestrum leaf curling virus, Petunia vein
clearing virus and Tobacco vein clearing virus which are
not transmitted in mechanical manner [3, 6].

For further identification of virus DAS-ELISA test were
used. No positive reaction with antiserum to CaMV was ob-
tained. According to results of DAS-ELISA we can exclude
infection of P. bifolia by CaMV and serologically related vi-
ruses: Carnation etched ring virus, Dahlia mosaic virus,
Horseradish latent virus and Strawberry vein banding virus [3].

In conclusion, host assay of sap samples extracted from
infected plants of P. bifolia approved its infectivity. EM stud-
ies confirmed the presence of virus-like particles in infected
plant tissues. The isometric morphology and size range al-
lows to suggest that the viral pathogen of P. bifolia can be a
representative of family Caulimoviridae. The cases of similar
virus infection of orchids are not described in literature data.
However, there are not much investigation about spreading

viruses in natural ecosystems. Further work will be focused
on identification of the virus infecting P. bifolia.
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BIOTECHNOLOGICAL (GM) CROPS IN THE WORLD AND EUROPE,
PLUM HONEYSWEET RESISTANT TO PPV, RESEARCH IN THE CR:
THE PAST, THE PRESENT AND THE FUTURE

Bbicmpoe yeenuyeHue ninowadeli nocesoe 'M-kynbmyp, denaem ux Haubosee ebICOKOadanmMueHbIMU NMOCE8HLIMU Ky/1bmy-
paMu e ucmopuu cesibCcko2o xo3silicmea. 3decb npedcmassieHbl pe3yibmambl essimu jlem mecmupoeaHusi caue KiioHa C5
(mpaHcghopmupoeaH kancuOHbIM 6esIKOM eupyca WapKu CJuebl) Mpu ebICOKOU U IMOCMOSIHHOU UHEEKUYUOHHOU Hazpy3Ke
PPV-Rec, kak camocmosimesibHO20 a2eHma, mak u 8 co4emaHuu ¢ eupycaMu Kap/luKoeocmu YepHOCIU8a U Kosibyeaol XJ10po-
muy4Hocmu s16/10HU.

Fast increasing hectarage of GM crops makes them the highly adopted crop technology in the history of agriculture. Results
of nine years testing of plum clone C5 (transformed with the Plum pox virus coat protein) under the high and permanent infection
pressure of PPV-Rec alone and in combinations with Prune dwarf virus, and Apple chlorotic leafspot virus both from graft inocu-

lation and natural aphid vectors are presented.

Introduction. Research in genetic engineering started
in late seventies (Colwell et al., 1985). The first genetically
modified (GM), syn. biotechnological (Biotech) crops were
commercialized in 1995 (cotton, company Monsanto; po-
tato, company Syngenta). 1.7 million hectares of Biotech
crops (cotton, corn, potato) were planted in 1996 already
(USDA-APHIS Biotechnology Permits Database, available
at htpp://www.nbiap.vt.edu/ (March 2001). Increase in hec-
tarage to 160 million hectares in 2011 (Fig. 1) makes Bio-
tech crops the fastest adopted crop technology in the his-

tory of agriculture. The International Service for the Acqui-
sition of Agri-biotech Applications (ISAAA) is every year
publishing "Global status of commerialized Biotech/GM
crops". The last one was published as ISAAA Brief No. 43
in 2011 (James C., 2011). The objective of this Brief is to
provide information and knowledge to the scientific com-
munity and society on Biotech/GM crops and its contribu-
tion to global food, feet, fiber and fuel security, to sustain-
able agriculture.
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A record 16.7 million farmers, in 29 countries, planted 160 million hectares (395 million acres) in
2011, a sustained increase of 8% or 12 million hectares (30 million acres) over 2070.
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Fig. 1. Global area of biotech crops
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Of the 29 countries planting Biotech crops in 2011 (Fig. 2),
19 were developing countries and 10 were industrial coun-
tries. 60% of the world's population live in countries plant-
ing Biotech crops. The US is the lead producer of Biotech
crops with 69 million hectares. US is followed by Brazil with
30.3 mil. ha, Argentina (23.7 mil. ha), India (10.6 mil. ha),
and Canada (10.4 mil. ha). Developing countries grew

close to 50% of global Biotech crops. Another five coun-
tries, China, Paraguay, Pakistan, South Africa, and Uru-
guay each grew more than 1 million hectares. Biotech soy-
bean remains with 75.4 million hectares (47% of global
Biotech area) the dominant crop, followed by Biotech
maize with 51 million hectares, Biotech cotton 24.7 mil. ha
(Fig. 3), and Biotech canola 8.2 mil. ha.

Biotech Crop Countries and Mega-Countries*, 2011
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Fig. 2. Global map of biotech crop countries and mega-countries in 2011

Fig. 3. Biotech cotton in grown in Africa
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The only 0.114507 million hectares of Biotech crops
were planted in Europe. Six EU countries, Spain, Portugal,
Czechia, Poland, Slovakia, and Romania planted 114490 ha
of Bt maize. Sweden (15) and Germany (2) planted 17 ha
of Biotech starch potato cv. 'Amflora’. Spain as the first
European country is with 97326 ha of Bt maize on the 17.
place. In the Czech Republic the Bt maize was grown on
5091 ha in 2011. European policy in relation to GM crops
is scandal. In October 2011, forty one leading Swedish
biological scientists in a strongly-worded open letter to poli-
ticians and environmentalists asked to revise European
legislation to allow society to benefit from Biotech crops. A
contingent of scientists from the United Kingdom endorsed
the Swedish petition.

Biotech crops are strongly contributing to food security.
This was achieved from 1996 to 2010 (in five years) by:
increasing crop production and value by US 78 billion dol-
lars, providing a better environment, by saving 443 million
kg a.i. of pesticides; in 2010 alone reducing CO, emissions
by 19 billion kg, equivalent to taking 9 million cars off the
road, saving 91 million hectares of land, and helping 15
million farmers, the poorest people in the world. From the
point of food security European policy is going against hu-
manity in the world.

Plum (Prunus domestica L), clone C5 transformed with
the Plum pox virus (PPV) coat protein (CP) was obtained
by Scorza et al. (1994). Clone C5 (cv. 'HoneySweet' at

present) was proved to be highly resistant to PPV under
glasshouse conditions (Ravelonandro et al., 1997). Field
tests were conducted in Poland (Malinowski et al., 1998),
Romania (Ravelonandro et al., 2002), Czech Republic
(Polak et al., 2005), and in Spain (Malinowski et al., 2006).
The all experiments confirmed the resistance of clone C5
to PPV infection. A ftrial of high and permanent infection
pressure of PPV-Rec alone and in combinations with Prune
dwarf virus (PDV), and Apple chlorotic leafspot virus
(ACLSV) was initiated in the Czech Republic and published
(Polak et al., 2008a; 2008b). Summarized results of nine
years testing of plum clone C5 under the high and perma-
nent infection pressure both from graft inoculation and
natural aphid vectors are presented. The transgenic plum
trees were evaluated during the years 2003-2011.

Materials and Methods.

Field trial, transgenic plum trees, inoculation of vi-
ruses.

Plum clone C5 buds were grafted onto virus-free root-
stocks of St. Julien in 2002, and 55 trees of P. domestica
clone C5/St. Julien were obtained. Eleven trees inoculated
with PPV-Rec, PPV-Rec + ACLSV, PPV-Rec + PDV, PPV-
Rec + ACLSV + PDV, control non-inoculated trees were
obtained and a plantation established (Fig. 4). PPV-Rec,
ACLSV, and PDV infected buds were allowed to grow
throughout the period of evaluation. The transgenic clone C5
part of each tree was under a very strong inoculum pressure.

Fig. 4. Plantation of HoneySweet trees in CR in 2011 (Orig. J. Polak)

Evaluation of leaf and fruit symptoms, quality of
fruits.

The all trees were evaluated every year from May to
September for the presence of viral symptoms in leaves
(2003-2011). Fruit symptoms were evaluated in July and
August 2010 and 2011 before and at ripening. In 2010 and
2011 overall fruit uniformity, attractiveness, weight, length,
width and fruit thickness, flesh thickness, fruit shape, skin
colour, flesh colour, flesh firmness, flavour, flesh freeness,
total soluble solids, total titratable acidity, stone size, weight
and stone/flesh ratio, and dry weight of fruits harvested from
trees of clone C5 inoculated with PPV-Rec, and unicocu-
lated control trees of clone C5, and 'Stanley' were recorded.

Serological detection of viruses.

ELISA testing of leaves was performed every year in
June. Fruits were evaluated in August 2010. Polyclonal
antibodies raised against PPV, ACLSV, and PDV (Bioreba,
Switzerland) were used in DAS-ELISA (Clark and Adams,
1977). Leaf samples were extracted in phosphate-buffered
saline. The relative concentration of PPV-Rec was deter-
mined by semiquantitative DAS-ELISA in samples pre-
pared from symptomatic leaves in June 2005 and 2007,

and in samples prepared from fruits in August 2010. The
relative concentration of PPV protein was established by
determining the lowest dilution of leaf or fruit sample with
positive reaction in semiquantitative DAS-ELISA (Albrech-
tovéa et al., 1986).

Detection of viruses by Reverse Transcription-
Polymerase chain reaction (RT-PCR).

100 mg of ground leaf or fruit tissues were used for total
RNA extraction by using RNeasy Plant Mini Kit (QIAGEN
GmbH, Hilden, Germany) according to the procedure rec-
ommended by the manufacturer. PPV-Rec was detected by
RT-PCR using primer pair mD5/mM3 as described by Subr
et al. (2004). For PDV and ACLSV the primers as described
by JaroSova and Kundu (2010) were used.

RESULTS AND DISCUSSION. No PPV symptoms ap-
peared in the leaves of transgenic plum clone C5-cv.
'HoneySweet' trees in the first year after inoculation with
PPV-Rec by graft inoculation. PPV symptoms appeared
only in the leaves that emerged from infected buds (IB).
Mild diffuse spots and rings appeared two years after in-
oculation in some basal leaves of cv. 'HoneySweet' trees
inoculated with PPV-Rec, and in those inoculated with virus
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combinations PPV-Rec + ACLSV, PPV-Rec + PDV, and
PPV-Rec + ACLSV + PDV (Polak et al., 2005). PPV pres-
ence was confirmed by ELISA and RT-PCR. A reduction of
symptoms was observed beginning in the third year after
virus inoculation. PPV symptoms were observed only in
several basal leaves and symptoms were milder in each
year (Polak et al., 2008a). Further reduction of PPV symp-
toms was observed during the vegetation period from June
to September. No differences in the intensity of PPV leaf
symptoms among different virus combinations were ob-
served in the years 2003-2011. No symptoms of PDV and
ACLSV appeared during the vegetative periods of 2003-
2011. PDV was not detected by ELISA in transgenic parts
of trees inoculated with PPV-Rec + PDV and PPV-Rec +
PDV + ACLSV. The presence of PDV was inconclusive by
RT-PCR. PDV was detected by ELISA and RT-PCR only in
leaves growing from the IB. ACLSV was detected by ELISA
and RT-PCR in leaves of transgenic parts of trees inocu-
lated with PPV-Rec + ACLSV and PPV-Rec + PDV +
ACLSV. No symptoms of PPV, PDV, and ACLSV appeared
in the leaves of non-inoculated control trees of cv. 'Honey-
Sweet' throughout the experiment. PPV, PDV, and ACLSV
were not detected in control trees by DAS-ELISA and RT-
PCR. The growth of control trees was more vigorous in
comparison with trees inoculated with PPV, and combina-
tions with PDV and ACLSV. The severe PPV symptoms
which appeared first in 2003 in IB leaves growing from
buds infected with PPV-Rec appeared again every year
(2004-2011) with the same intensity.

The relative concentration of PPV-Rec in symptomatic
leaves of cv. 'HoneySweet' determined by semiquantitative
DAS-ELISA fluctuated from 1,56x10? to 9.76x10™ in 2005,
and from 5.0x10™" to 7.81x107 in 2007. There were no sig-
nificant differences in relative concentration of PPV among
combinations of inoculated viruses.

Pomological evaluation of external and internal char-
acteristics of fruits harvested from non-graft-inoculated
cv. 'HoneySweet' trees, cvs. 'Stanley’, and 'Domaci
Svestka' trees, and from cv. 'HoneySweet' trees growing
nine years under the high and permanent infection pres-
sure of PPV-Rec, PPV-Rec + PDV, PPV-Rec + ACLSYV,
PPV-Rec + ACLSV + PDV demonstrated the high quality
of '"HoneySweet' fruits.

Two-year results indicate that the characteristics of
'HoneySweet' fruits harvested from control virus non-
inoculated trees are well within the range of the character-
istics of control cultivars 'Stanley' and 'Domaci Svestka' and

are of higher quality in some characteristics. Fruit harvested
from 'HoneySweet' trees inoculated with PPV-Rec + ACLSV
+ PDV, PPV-Rec + PDV, PPV-Rec + ACLSV, and PPV-Rec
were comparable with fruits from control healthy 'm 'Honey-
Sweet' trees indicating that there was little, if any, effect of
the virus inoculations on fruit quality of 'HoneySweet'.

'HoneySweet' plum trees resistant to PPV remained vi-
rus-free under natural aphid-vectored infection pressure
throughout this nine-year study. Graft inoculated trees were
exposed to a very high infection pressure with IB being
allowed to reach the size of 20-30% of the supporting
'HoneySweet' tree (Fig. 5a, b). Under this high and perma-
nent virus pressure 'HoneySweet' trees showed PPV
symptoms and positive serological and molecular tests on
some basal leaves only, and symptoms subsided during
the growing season. ACLSV infection did not appear to
affect PPV symptoms and PDV infection could not be de-
tected in 'HoneySweet' throughout the course of the study
despite graft inoculation. The evaluations of fruit quality of
graft inoculated and un-inoculated 'HoneySweet' trees
maintained nine years under the high and permanent infec-
tion pressure of PPV, ACLSV, and PDV confirmed not only
the high resistance of 'HoneySweet' to PPV, but also sug-
gested that 'HoneySweet' fruit maintain their quality and
healthful properties when exposed not only to PPV but also
to ACLSV and PDV. Clone C5, resistant to PPV, was de-
regulated as plum 'HoneySweet' in the U.S.A. in 2010. The
meeting of U.S. International Research team for 'Honey
Sweet' plum in Prague, May 2011 decided to submit an
application for deregulation of plum cv. 'HoneySweet' in
European Union. Members of International team are scien-
tists form USA, France, Spain, Poland, Romania, Bulgaria
and the Czech Republic. The Czech Republic is repre-
sented by Ass.Prof. Jaroslav Polak, DrSc. and Dr. Jiban
Kumar from Crop Research Institute in Prague. Interna-
tional team under the leadership of Dr. Ralph Scorza,
U.S.A. and Dr. Michel Ravelonandro, France is setting up
the application for deregulation of 'HoneySweet' in EU.
Crop Research Institute, Prague, and the Czech Republic
are supposed to submit the application to EFSA. J. Polak is
coordinating and setting up results of research on plum
'HoneySweet' in Europe. The growing of plum 'Honey-
Sweet' in the Czech Republic will be principal contribution
not only for fruit growers, but also for producers of plum
brandy. It is unique opportunity to establish PPV free or-
chards and to grow high quality fruits.

Fig. 5. HoneySweet tree:
a — with non-transgenic PPV infected bottom part. (Orig. J. Polak)
b — with cutted away non-transgenic PPV infected bottom part. (Orig. J. Polak)
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The future is growing of high quality and productive
crops resistant to plant diseases and pests, tolerant to her-
bicides, to ensure food security and to prevent hunger of
people in the world. Genetic engineering will make possible
to obtain high quality crop cultivars today very susceptible
to diseases, highly resistant in the future, e.g. plum
'Domaci Svestka' highly resistant to PPV.
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RECOVERING OF FRUIT CULTIVARS FROM PLANT VIRUSES AND PHYTOPLASMAS
IN THE CZECH REPUBLIC: THE PAST, THE PRESENCE, AND THE FUTURE

Jlukeudayus eupycoe pacmeHuli u3 pacmumesibHo20 Mamepuasa, 0CO6eHHO Osis1 3KOHOMUYECKU 8a)KHbIX Kynbmyp 0ons Ye-
Xuu, komopble 8xo0ssm 8 cucmemMy cepmudpukayuu, 61710 OCHOBHbIM 3adaHueM OaHHbIx uccriedoeaHull. [lpedcmaeneHnbl pe-
3ynbmambi 0300poesieHUss Kysbmyp c/iuebl, abpukoca u nepcuka, nopaxeHHbIX 8UPYCOM WapKuU cue, a makxe Kynbsmyp s16-

JIOHB, 2pyWU U YepeuwlHu, UHhULUPO8aHHbLIX sUpycamu.

The task of research was to eliminate plant viruses from the basic plant material, especially from the Czech economically im-
portant cultivars included in the system of certification. Topical results of recovering plum, apricot, and peach cultivars infected
with PPV, and apple, pear and sweet cherry cultivars infected with several economic important viruses are presented.

Research of in vitro cultures of plants and the elimina-
tion of viruses in plants started in the Czechoslovakia fifty
years ago (Svobodova J., 1962; 1964; 1965) in the Institute
of Experimental Botany CZAS. First woody plants were
recovered in 1972 (Svobodova-Santilliova J., 1972). Ther-
motherapy of fruit crops continued in the Research and
Breeding Institute for Pomology (RBIP) in Holovousy
(Jane¢kova M. et al., 1978; Janeckova M. and Blattny C.
jun., 1980; Janeckova et al., 1985, Janeckova M., 1988).
Plum pox virus (PPV) infected plum mother plants of main-
tenance breeding situated in the open field of Breeding
Station Turnov, nord-east Bohemia in the eighties. Practi-
cally the all plum cultivars were PPV infected. Technical
isolate for mother plants of stone fruits was established in
the Research and Breeding Institute for Pomology (RBIP)
in Holovousy still in the eighties. Some of especially Czech
cultivars were recovered from PPV, and other economically

important viruses (Fig.1). Janec¢kova M. (1993) eliminated
PPV, Prunus necrotic ringspot virus (PNRSV), and Prune
dwarf virus (PDV) by thermotherapy using combination in
vivo and in vitro cultures. Janeckova (1995) applied ther-
motherapy in vivo with bud cultures in vitro to eliminate
apple viruses. System of certification of virus free status of
fruit trees in nurseries was established at the beginning of
21 century in the Czech Republic. Technical and space
isolates for apple, pear, cherry and plum cultivars were
situated to RBIP Holovousy, for apricot, peach, and almond
cultivars to the Faculty of Horticulture (FH) Lednice, Men-
del's University Brno. The third technical isolate was estab-
lished in CRI Prague-Ruzyné. This isolate is divided into
two parts, the first part for disease plants and collection of
viruses for control purposes, the second one for healthy
woody indicators and governmental reserve of basic plants
of recovered cultivars.

Fig.1: Fruit of peach cv. Fortuna, severe susceptible to PPV, severe rings and malformations. (Orig. J. Polak)

© Polak J., 2012
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The task of research was to eliminate plant viruses
from the basic plant material, especially from the Czech
economically important cultivars included in the system of
certification. Basic plants of some foreign cultivars were
obtained from abroad. Research projects with the aim to
obtain virus and phytoplasma free cultivars of fruit trees are
solved in the cooperation of Crop Research Institute (CRI)
in Prague-Ruzyné, RBIP Holovousy, and FH Lednice. The
first research project was established in 2004-2008, the
second one continued in 2009-2011. The third research
project has started this year for the period 2012-2016. The
author of this contribution is the responsible person and co-
ordinator of those projects. In vivo and in vitro thermother-
apy was applied in the first research project. Thermother-
apy, chemotherapy, and combination of thermotherapy with
chemotherapy were exploited in the course of second re-
search project. Topical results of recovering plum, apricot,
and peach cultivars infected with PPV, and apple, pear and
sweet cultivars infected with several economic important
viruses are presented in this contribution.

Material and Methods

Plant material, virus infection

Candidate in vivo growing plants and/or in vitro cultures
derived from plants of maintenance breeding were used for
elimination of viruses and phytoplamas. Primary sources,
cultivars of plum 'Bluefree’, 'Domaci $vestka', '‘Cadanska
lepotica'), apricot ('Velkopavlovicka', 'Leskora’, 'Hanita'),
peach (‘Redhaven', 'Earliglo’), sweet cherry (‘KareSova',
'Rivan'), apple ('ldared', 'Sampion'), and pear ('Lucasova',
'Max Red Bartlett') were exploited in the first two research
projects. Candidate plants were tested for the presence of
viruses by ELISA Clark and Adams, 1977) and RT-PCR
(Wetzel et al., 1991) before therapy, and viruses present in
the plants were identified. Plum, apricot, and peach culti-
vars were infected with PPV (Fig.2). Apple cultivars were
infected with Apple chlorotic leafspot virus (ACLSV), Apple
stem piting virus (ASPV), and Apple stem grooving virus
(ASGV). Pear cultivars were infected with ASPV, and
cherry cultivars with PDV. Phytoplasmas were not detected
in candidate plants.

T

Fig. 2. Pinwheels and laminated aggregates in cytoplasma of PPV infected leaf cell of plum (Orig. M. Jokes)

Thermotherapy and Chemotherapy

Thermotherapy in vivo plants was running for 5 to 22
days in a thermal room with controlled light and tempera-
ture setup at 37°C for stone fruits, and 39°C for pome

fruits. The light setup was 14h day, and 10h night. 26 trees
of plum (9), apricot (7), and peach (10) were taken for
thermotherapy in vivo (Fig.3).

Fig. 3. Apricot tree of cv. Velkopavlovicka after the thermotherapy in vivo (Orig. A. Hauptmanova)
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For thermotherapy in vitro cultures actively growing
shoot tips 5-10 mm in length were cut from shoots sprout-
ing in laboratory conditions. The tips were cultured in Er-
lenmeyer flasks with Murashige and Skoog (MS) medium
(Murashige and Skoog, 1962) gelled with 0.7% Difco agar.
The subcultures were prepared on fresh MS medium with
the same composition in the period of 1 month. Cytokinin
6-benzylaminopurine (BAP) at concentration 1.5 mg.l'1 was
used in this medium for induction of multiplication. The heat
treatment 34°C, 37°C, and 39°C was applied to the in vitro
cultures on the same medium for 5-20 days.

For chemotherapy in vitro cultures were transferred
onto fresh MS medium with ribavirin at concentration 5, 10,
20, and/or 40 mg.l'1. Different periods of time from two to
27 weeks of ribavirin treatment were used in the individual
trials. For each period at least 20 shoots were exposed to
the one ribavirin concentration.

Rooting of in vitro plants

After the heat treatment or chemotherapy apical meris-
tems with leaf primordia were transferred to a fresh multi-
plication MS medium. A period of about 6 months was
necessary to obtain well established actively growing cul-
tures. In vitro clones were tested by RT-PCR. Those in
vitro clones that proved to be virus free were further multi-
plied androoted. For rooting of in vitro plants the different
media, e.g. Paunovic et al. (2007) were applied. To confirm
virus free status recovered in vivo trees were tested again
by ELISA, and RT-PCR one year later.

Part of virus infected in vitro cultures was rooted with-
out the heat treatment, and obtained in vivo trees were
used for thermotherapy. Virus status of trees after the
thermotherapy in vivo was tested by ELISA, and RT-PCR
immediately and one year later.

Results and Discussion

The elimination of PPV was carried out in economically
important plum, apricot and peach cultivars by in vivo
thermotherapy, in vitro thermotherapy and chemotherapy in
CRI Prague-Ruzyn&. Four plants of plum cv. 'Caganska
lepotica' and one plant of cv. 'Domaci Svestka' were PPV

free after the finished in vivo thermotherapy, but only two
trees of cv. 'Cadanska lepotica' remained PPV free nine
months later. One plant of apricot cv. 'Leskora' and four
plants of cv. 'Velkopavlovicka' were PPV free after the fin-
ished in vivo thermotherapy. One tree of cv. 'Leskora' and
one tree of cv. 'Velkopavlovickd' remained PPV free nine
months later. One plant of peach cv. 'Redhaven' was PPV
free after the in vivo thermotherapy, but the presence of
PPV was proved in this tree nine months later. None of the
10 peach trees of cvs. 'Redhaven'and 'Earliglo’ was treated
successfully. Results in detail of in vivo thermotherapy were
published (Polak and Hauptmanova, 2009). The thermother-
apy of in vivo trees was proved to be less efficient.

The thermotherapy, chemotherapy, and combination of
thermotherapy with chemotherapy of in vitro cultures of
plum cvs. 'Doméaci Svestka', 'Bluefree’, and '‘Cadanska le-
potica', apricot cvs. 'Hanita' and 'Velkopavlovicka', peach
cvs. 'Redhaven'and 'Earliglo’ were applied for elimination of
PPV. The thermotherapy run at 34°C, and 37°C. The ther-
motherapy in 34°C was not enough for PPV elimination. In
vitro cultures died during thermotherapy at 37°C. The com-
bination of thermotherapy with chemotherapy of in vitro
cultures of stone fruits was also not effective. The best
results were obtained with chemotherapy by ribavirin in
concentration 10 and 20 mg.I'1. PPV was completely elimi-
nated within 2-12 weeks of treatment. In vitro plants with
bases of roots primordia were transferred into peat tablets.
Plants rooted in vivo were transferred to greenhouse condi-
tions. Recovered trees of plum cvs. 'Bluefree' (Fig.4),
'Domaci $veska', and 'Cadanska lepotica', and apricot cv.
'Hanita' were re-tested by ELISA and RT-PCR one year
after the ribavirin treatment. The elimination of PPV was
confirmed. Results in detail of elimination of PPV in plum
cv. 'Bluefree' and in apricot cv. 'Hanita' were published
(Hauptmanova and Polak, 2011). The chemotherapy of in
vitro cultures was proved to be more efficient. Ribavirin in
concentration 10 mg.l'1 can be recommended for elimination
of plant viruses from both stone and pome fruit species.

Fig. 4. In vitro cultures of plum cv. Bluefree after the chemotherapy (Orig. A. Hauptmanova)

The elimination of viruses was carried out in economi-
cally important apple, pear, and sweet cherry cultivars by in
vitro thermotherapy and chemotherapy in RBIP Holovousy.
The most virus free rooted plants (62) were obtained by in
vitro chemotherapy. The only 13 virus free rooted plants in

containers were obtained by in vivo thermotherapy. Recov-
ered rooted trees were tested one year later. Eighteen
pome fruit trees and three trees of sweet cherry remained
virus free. Finally, virus free trees (at least 1 tree per culti-
var) of two apple cultivars (Idared', 'Sampion'), two pear
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cultivars (‘Lucasova', 'Max Red Bartlett'), and two sweet
cherry cultivars ('KareSova', 'Rivan') were obtained. Re-
sults of in vitro chemotherapy and in vivo thermotherapy

of in vitro cultures of apple, pear, and sweet cherry culti-
vars were published (Paprstein et al., 2007; 2008; 2011;
Sedlak et al., 2007).

Fig. 5. The cultivation of tips of peach cv. Redhaven after the therotherapy in vivo (Orig. B. Kfizan)

The elimination of viruses and phytoplasmas from
commercial apricot and peach cultivars was carried out at
HF Lednice. The same or similar methods and procedures
as in CRI Prague and RBIP Holovousy were exploited. The
best results were obtained with chemotherapy of in vitro
cultures by ribavirin. Apricot cultivars 'Bergeron' and
'Velkopavlovickd', peach cultivars 'Redhaven’, 'Cresthaven'
and 'Suncrest' were recovered with ribavirin in concentra-
tion 10 mg.I"". For recovering of apricot cv. 'Marlen' it was
necessary to use ribavirin in concentration 20 mg.I'1, or
even 40 mg.I" (Kfizan et al., 2011). The elimination of vi-
ruses from stone fruit cultivars is more difficult than from
pome fruit cultivars. Contributions important for our re-
search of the elimination of viruses from stone fruit species
were published in the past (Deogratias et al., 1989; Ga-
bova, 1995; Knapp et al., 1995). Stone fruits, especially
peaches are sensitive to the higher temperature, 36°C and
more (Fig.5). Virus free trees of apple, pear, and sweet
cherry cultivars will be included as the basic plants in the
established system of certification. Some problems remain
in chemotherapy of stone fruits, especially with peach culti-
vars. These problems and new chemotherapeutica will be
investigated in new, the third research project.
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B 1 C H MU K Kuiscbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleByeHka

I. Prokopenko, Stud., V. Polischuk, PhD

VIRUSES OF FOREST TREES, VECTORS OF VIRAL TRANSMISSION
AND METHODS FOR STUDYING PLANT VIRUSES

B amoii cmambe daemcsi 0630p slumepamypbl ¢ aKUeHMOM Ha UPYChlI OCHOBHLIX MOPOQA JIECHLIX depeebes, UX 6eKMOopPbI
nepedayu u MosneKynsipHbie Memodbl, UCMoJib3yeMbie O5lsl 8bisiesieHus], UOeHmuguKkayuu u usyyeHusi eupycoe pacmeHuii e se-
CHbIX 3Kocucmemax. Bbinu paccmMompeHbl HeKomopbie 3KcrnepuMeHmaribHble 0aHHbIe O 8upycax, MPUCymcmeyrujux 8 J1ecHol
noyee, a makxe npedcmaesieHbl Mo4YHble OaHHbLIe 0 60s1e3HEeMEOPHbLIX a2eHmax Hekomopbix eudoe depeenes e siecax Eeponbl,
CLUA u dpyaux cmpaH. B koHue cmambu 6bi1a ommedeHa Heo6xo0umocme uccriedoeaHuli UPYCHbLIX MamMosI02U4eCKUX rpo-
yeccoe 8 JsIeCHbIX Hacax0eHUsiX ¢ Uenbio npedomepawieHusi nomeps 6 6uopazHoobpasuu secHbIX HacaxdeHuli, CHUXeHUsl Ka-

Yyecme dpeeecuHbl u m. 0.

This article reviews the literature with focus on some of the major forest tree species viruses, vectors of viral transmission
and molecular techniques used to identify, qualify and examine plant viruses in forest ecosystems. Some experimental data re-
garding soil inhabiting viruses was reviewed and particular information about causative agents of certain forest trees in Europe,
USA and other countries was presented. The necessity of researches regarding more and more important role of viral pathologi-
cal processes in forest ecosystems in order to prevent such issues as: loss of plants vigor, loss of wood quality etc. which were

highlighted in the end of the article.

Introduction. Forest decline has become a popular is-
sue, especially in connection with air pollution emanating
from industrialized areas, but such aspect as forest dis-
eases, especially of virus etiology [49] have been consid-
ered of minor importance. There are not so many studies
focused on plant viruses as infection agents of forest trees
in particular, but many focused more on mixed types of
diseases, incorporating fungi, mycoplasma and other infec-
tion activators rather than viruses. There were numbers of
scrutinies regarding forested areas and nurseries and they
seem to confirm the expansion of viruses in many plants
with virus associated symptoms. Viruses induce alterations
in a tree's metabolism and alter plants predisposition. Vi-
ruses reported in many forest ecosystems and recovered
from forest tree species. Viruses are widespread patho-
gens in agricultural crops, weeds and forest trees in par-
ticular, as a result, they are considered to be important
reservoirs of viruses [37]. Viruses can only be replicated in
living cells, because they lack their own metabolic activi-
ties. Nowadays, plant pathologists and biologist commonly
are not concerned with viruses of forest trees, instead fo-
cusing their attention on short-term agricultural and fruit
crops, where virus impacts have been shown well in near-
term outlook. In spite of this, viruses or virus-like particles
(VLPs) of coniferous and deciduous forest tree species
causing significant impact on plant communities [16]. They
can be soil- and airborne, and are transmitted from one
plant to the other by mechanical means through wounds,
arthropods, nematodes or fungal vectors, and a consider-
able number by seed and pollen. The international transfer
of contaminated plant material is another important factor
of virus distribution. If the economic point of view is con-
sidered, we should be cognizant that virus diseased plants
may increase production costs because of the possibly
decreased growth of infected stock plants and that viruses
may subsequently damage their market quality. Information
based on nature of viruses and virus-like diseases in forest
trees makes us scientists observant and conscious about
the ways how to deal with these types of plant pathology-
related problems but not as fully as we all probably would
have liked it to be.

Some specifics of forest trees viruses and their certain
vectors.

Unlike animal viruses, where hosts are mobile and of-
ten come into contact with each other, plant viruses need
to cover the often large distances separating their fixed
hosts. The mechanisms of virus-vector relationships often
studied and reviews on the subject are published frequently
[43]. Although the only well-characterized viruses yet de-
tected in conifers have soil-inhabiting vectors [47], others
with aerial vectors also play big role in infection transmis-
sion. A few polyphagous aphid species capable of transmit-

ting numerous viruses have been recorded on conifers:
Aphis fabae Scop, feeds and reproduces on species of
Larix, Picea, Tsuga and Pinus Aulocorthum circumflexum
(Buckton) on seedlings of Picea sitchensis Carr. [11]. If
concerning viruses which are transmitted by organisms,
which are well presented in soil, we can underline two main
vectors: fungi and nematodes. Fungus-borne viruses can
be split in two categories: (i) viruses belonging to the Tom-
busviridae family, which have isometric particles and are
transmitted by Olpidium spp. and (ii) rod-shaped viruses
mainly belonging to the Potyviridae or to an unassigned
family that are transmitted by plasmodiophorids [45]. Para-
sitic fungi are coming in contact with their host plants under
the form of motile zoospores, which can digest the root cell
wall and penetrate into the cytoplasm, from where they will
colonize the whole plant. Two different patterns of virus
transmission exist. Some viruses, for instance in the genus
Bymovirus, are present within the fungus cytoplasm early
during formation of the future zoospores in infected plant
cells. They will remain inside the zoospore until its cyto-
plasm is injected in the next host cell. In other cases, for
instance in cucumber necrotic virus (genus Tombusvirus),
the best-studied example of a fungus-transmitted virus,
virions are specifically retained at the surface of the zoo-
spore envelope, and inoculated into the plant upon cell wall
digestion and fungal penetration. In this case, the receptors
of the vector were partially characterized. They have been
shown to be distributed at the surface of the zoospore of
Olpidium bornovanus, and their chemical nature was identi-
fied as a glycoprotein. Some other viruses are transmitted
from plant to plant by soil-inhabiting plant parasitic nema-
todes [52]. Known vector nematodes belong to the families
Longidoridae (longidorids) and Trichodoridae (trichodorids)
and transmit nepoviruses and tobraviruses, respectively.
These nematodes are ectoparasites that remain outside
the roots while feeding on epidermal cells located just be-
hind the root tip. Transmission is a noncirculative process
in which virus particles are retained at specific sites on the
surface of the esophagus. Nematodes can transmit virus
even after serial feeds on noninfected tissues and retain
virus for periods of months. However, it was shown that
transfer of infection from nematodes to trees can be pre-
vented in some way, thus forest pathologists are able to
reduce spread of nematode-transmitted viruses by using
plant metabolites. Many plant constituents have been in-
vestigated for activity against plant-parasitic nematodes.
The conditions under which compounds are effective
against nematodes vary with the compounds [60]. These
active compounds, or precursors of active compounds, can
often be applied to soil as organic amendments, or refined
and developed as biopesticide compounds.
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To date, only a few comprehensive studies have at-
tempted to detect viruses in forest soils and somehow
classify them. One of them was done in forest soils in New
York State [20]. Objectives of the survey were to evaluate
elution and bait plant methods to detect infectious to-
bamoviruses. Soils were collected from two forest sites:
Whiteface Mountain (WF) and Heiberg Forest (HF). The
effectiveness of four buffers to elute tomato mosaic to-
bamovirus (ToMV) from organic and mineral fractions of
WF soil amended with ToMV was tested, and virus content
was assessed by enzyme-linked immunesorbent assay
(ELISA). The effectiveness of Chenopodium quinoa (Willd.)
bait plants to detect the virus also was tested. Both meth-
ods then were utilized to detect tobamoviruses in 11 WF
and 2 HF soil samples. A phosphate buffer (100 mM, pH
7.0) eluted more ToMV from soil than the other buffers
tested. Mineral soil bound more virus than organic soil.
Virus recoveries from virus-amended organic and mineral
soils were 3 and 10%, respectively, and the detection sen-
sitivity was 10 to 20 ng/g of soil. Roots of bait plants grown
in all virus-amended soils tested positive by ELISA, and
virus concentrations averaged 10 ng/g. Both ToMV and
tobacco mosaic tobamovirus (TMV) were transmitted to C.
quinoa by elution from one of two HF soil samples but not
from the WF soil samples. A tobamovirus was detected by
bait planting in 12 of 73 (16%) root extracts representing 5
of 13 soil samples (38%). Tobamovirus-like particles were
seen by transmission electron microscopy in 6 of 12 in-
fected root extracts. After the experiment was done, it was
stated that Tobamoviruses occur in forest soils in New York
State. Abiotic soil transmission to trees may permit local-
ized spread and persistence of these viruses in forest eco-
systems. Another experiment was conducted in the Ger-
man forests (10). Precedence was next: samples were
collected from the area near the base of trees and seeds of
some of the herbaceous virus indicator hosts were then
planted in the soil which contained the samples and these
plants were indexed for viruses. In the end of the experi-
ment the majority of viruses were identified as Potex-, To-
bamo-, Potyviruses (potato virus Y group), and TNV iso-
lates. More than half the recovered viruses were potexvi-
ruses. PVSi was recovered twice directly from the roots of
European beech (Fagus sylvatica), and from soil/root sam-
ples from beech, pine, oak, and spruce forests (30%, 30%,
20%, and 18%, respectively). Other viruses were detected
as well. Tomato mosaic virus (ToMV) was detected in soil
samples from pine, spruce, beech, and oak forests. It
should be mentioned that there are always some factors
which are significantly decrease quantity of viruses which
could have been detected in soils. These are: (i) non-
mechanically transmissible viruses were not surveyed, (ii)
specific vectors (like nematods or/and fungi) might have
not been present in all soil samples, (iii) the indicator plants
might have not been sensitive to all the viruses presented
in the samples, etc. In addition, there are many factors
which determine the survival and spread of soilborne vi-
ruses. For example, soil qualities. Those may limit the
spread of viruses with nematode vectors, so the survival of
viruses in soil depends to a certain extent on their adsorp-
tion to clays. Adsorption may be affected by pH, with the
consequence that low soil pH may prolong virus survival in
soil in orested areas.

Many plant viruses have been also recovered from rivers
and lakes, primarily in Central Europe [32]. Potex-, tombus-,
tobamo-, and cucumoviruses (cucumber mosaic virus group)
were detected along with ungrouped or as yet unidentified
viruses [33]. The most important trees for forest ecosystems
and forestry in particular include some of coniferous and
deciduous trees so the main researches for identifying vi-

ruses specifically in these trees direct the need of observa-
tions. Some viruses of forest trees are listed below.

OAK. Yarwood & Hecht-Poinar [40] described a virus
resembling TMV (Tobamovirus) in oak in California. Sub-
sequently, the virus was detected in buds and young
leaves of 11 symptomless species of Quercus and Litho-
carpus [59]. The virus was transmitted from oak to herba-
ceous plants by conidia of the powdery mildew Sphaero-
theca lanestris Harkn. [35]. In the mountains of the Rhine-
land, TMV was isolated from oaks displaying chlorotic
flecking, mottling, and mosaic on deformed leaves. Viruses
were observed in young oak seedlings after mechanical
transmission [36]. TMV-like particles were detected in
symptomatic oak in Germany, but mechanical transmission
tests were unsuccessful. Similarly, Horvath and coworkers
[29] detected TMV-like particles in malformed leaves of
turkey oak (Q. cerris). A mosaic disease of blackjack oak
(Q. marilandica) in the United States was graft-
transmissible, but attempts at mechanical transmission
were unsuccessful [6]. Other possible members of the
group, such as potato mop-top virus, may be transmitted
by root-infecting fungi (Plasmodiophorales: Spongospora
subterranea Lagerh). Some virus-like symptoms such as
distinct chlorotic lesions, ringspots and chlorotic mottle
were observed on leaves of oak trees and seedlings
(Quercus robur L) growing at several forest stands and
nurseries in north Germany. Investigations by serological
means demonstrated that the agent of virus-like symptoms
of oak were not tobacco mosaic virus, tobacco necrosis
virus, brome mosaic virus and cherry leafroll virus but were
related to the cryptic virus group [9].

ASH. Virus-like diseases of European ash consisting of
mosaic and leaf deformation have been described in
Europe [8,39]. Viruses are widespread in the ash popula-
tion affected by decline. Tobacco ringspot virus (TRSV),
tobacco mosaic virus (TMV), and tomato ringspot virus
(TmRSV) occur in ash in New York State [12]. The first two
viruses were associated with foliar viruslike symptoms on
ash in the field, but virus infection was not correlated with
dieback. Virus particles resembling TMV, however, were
detected in Quercus spp. and Acer spp. [22] in conditions
that suggest that natural spread might have occurred with
the aid of the powdery mildew fungus (Sphaerotheca
lanestris Harkin). As for TmRSYV, it first was identified in
stump sprouts of a white ash that had declined was asso-
ciated with foliar symptoms [19]. CLRV is another example
of infection agent in trees [5]. Nienhaus and Hamacher
transmitted a CLRV isolate to white ash (F. americana)
seedlings that subsequently developed chlorotic spots,
ringspots, and line patterns. Similar symptoms on Euro-
pean ash in the U.K. were associated with ArMV [17]. The
trees became infected when growing in soil infested with
viruliferous nematodes. Similar symptoms on European
ash in the U.K. were associated with ArMV. The trees be-
came infected when growing in soil infested with virulifer-
ous nematodes. ArMV was mechanically transmitted to
seedlings of European ash and flowering ash (F. ornus L.),
which developed chlorotic local lesions, systemic chlorotic
chevrons, and a chlorotic mottle, respectively.

BIRCH. Birch decline is a serious disease in northeast-
ern USA and eastern Canada, affecting both white and
yellow birch (Betula papyrifera and B.alleghaniensis). Most
of the merchandable trees in the severely affected areas
were Killed in the 1935-55 period. Hansbrough [27] in 1953
transmitted a gold ringspot of white birch to seedlings but
did not associate this virus with the decline. Later Berbee
transmitted the line pattern of yellow birch to seedlings.
The line pattern symptoms on both species consist of
chlorotic lines forming oak-leaf designs, irregular rings or
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linear flecks, sometimes accompanied by a mild mosaic.
Until fully expanded, emerging leaves on infected trees
generally are symptomless and some infected trees have a
few, or no, foliar symptoms. These symptoms may be re-
stricted to a few leaves on a few branches. The leaves
remain on the trees until the end of the growing season.
Chlorotic tissue turns nearly white during midsummer. The
virus has been mechanically transmitted to Chenopodium,
cowpea, cucumber, squash, and bean. Serological and
host range studies demonstrate that this virus-causing line
pattern of birch is a strain of apple mosaic. Finally, Berbee
and Gotlieb concluded that apple mosaic virus (ApMV) was
responsible for such disease flow in symptomatic birch
[23]. It has been also reported that Cherry leaf roll virus,
CLRYV is widely distributed in birch trees. The abnormali-
ties, caused by CLRV were revied by Hamacher and oth-
ers. In CLRV-infected birch, the area occupied by vascular
bundles was reduced in comparison to healthy trees.
Phloem cells were partly collapsed or disorganized and cell
walls were thickened. Meristematic cells were deformed
and reduced in size or their development completely inhib-
ited. Sclerenchyma and collenchyma developed earlier
than normal and chloroplasts were malformed. Tannin ac-
cumulated in the epidermis, palisade, and spongy meso-
phyll cells of the leaf laminae. Parenchyma cells of peti-
oles, leaf laminae, and veins became necrotic. Young roots
of diseased trees showed collapsed cells in the pericycle
and endodermis and an accumulation of phenolic com-
pounds [25]. It was also shown that CLRV is widely distrib-
uted in B. pendula and B. pubescens throughout the Fin-
nish forestry region [31]. Furthermore, dwarf birch, moun-
tain birch, Kiilopaa birch and curly birch were confirmed to
be previously unkown hosts of CLRV [55]. The main route
of CLRV dispersal in birch in natural habitats is assumed to
be pollen and seed transmission, which has been studied
in detail before [15].

ELM. Recent investigations in forest, nurseries and pub-
lic gardens have shown that viruses are widely spread in
deciduous trees including elm trees (Ulmus sp.). Biological,
serological and electron microscopic assays showed that
viruses of elm trees such as Cherry leaf roll virus (CLRV),
Elm mottle virus (EMoV), Arabis mosaic virus (ArMV) and
Tobacco ringspot virus (TRSV) are present in some of the
German parks and forests [3, 4]. EIm mottle virus of Ulmus
minor was also reported to be found in Croatia [44]. In the
United States, a graft-transmissible disease of American elm
(U. americana L.) was reported in Ohio in 1927 [51].

MAPLE. Maple mosaic, maple line pattern or maple
variegation virus reported from Europe, but apparently pre-
sent in the northeastern United States also [2]. In 1980 it
was reported that chlorotic spotting of the leaves was ob-
served on several Acer saccharum seedlings, 2-3 years old,
in Sainte-Anne-de-Bellevue, Canada. Symptoms induced on
indicator plants inoculated with homogenate from affected
leaves resembled those produced by tobacco mosaic virus.
Concentrated preparations showed a UV spectrum like that
of TMV and reacted with antiserum to an ash strain of the
virus. Rod shaped particles were detected in leaf prepara-
tions of Acer and tobacco and in purified preparations [34].

BEECH. The most economically important deciduous
tree for some of the European forest industries is European
beech (Fagus sylvatica L.). Thereby, necessity to inspect
viral diseases of this plant family seems to be obvious for
economical and biodiversity reasons. In the U.K. and East
Germany beech displaying chlorotic leaf mottling and spot-
ting were reported [48]. TBRV was identified in sympto-
matic trees. Nienhaus and coworkers [38] isolated potex-
and potyviruses from trees with similar symptoms in West
Germany. One isolate was serologically identical with PYX,

another with PVSi, and a third with bean yellow mosaic
virus (BYMV) [58]. European beech trees infected with
cherry leaf roll virus (CLRV) or brome mosaic virus (BMV)
often exhibit irregular, meandering growth of branches and
sometimes develop clawlike twigs with reduced internodes
[26]. Single branches or twigs, particularly in the upper part
of the canopy, may die, thus giving the tree a bristle ap-
pearance. The wood of virus-infected branches and twigs
is brittle and dry. Leaf symptoms appear on single twigs or
branches beginning during June. Young trees usually show
more pronounced leaf symptoms than older trees. CLRV-
infected leaves exhibit chlorotic line patterns, mosaic, or
yellow stippling. Common leaf symptoms are small size,
curling, and reduced growth of veins accompanied by chlo-
rosis that becomes bright yellow.

CONIFERS. Viruses infect many conifer trees species
in forest ecosystems [21]. Several coniferous species have
been infected with viruses via the root system [28], where
infection remained localized. There also have been reports
of systemic virosis of conifers. Cech and coworkers [14]
described an aphid-transmissible virosis of Norway spruce
in Czech Republic. The disease was aphid- and graft-
transmitted and rod-shaped particles were detected in
needle and twig exudates in both symptomatic trees and
inoculated seedlings. Biddle & Tinsley [7] observed VLPs in
sap exudates of Sitka spruce with needle chlorosis and
defoliation in the U.K. Rod-shaped VLPs also were ob-
served in western white pine (P. monticola) and Scots pine.
In 2006 a new virus was found in Pinus sylvestris L. in dif-
ferent pine populations in Germany and Hungary [13]. On
the basis of sequence comparison with different RNA vi-
ruses and phylogenetic analysis in was assumed that virus
proteins from pine show highest similarity to the homolo-
gous proteins of Beet cryptic virus 3 and of a cryptic virus
of Pyrus pyrifolia. It should be mentioned that Cryptovi-
ruses have not yet been reported to occur in Gymno-
sperms.There was also a report from USA, where scien-
tists found tomato mosaic virus in red spruce trees on
Whiteface Mountain, New York (54). By all above men-
tioned, we may conclude that viruses of conifers are wide-
spread not only in Nothern and Central parts of Europe but
also in transatlantic countries.

Preffered methods for studying viral diseases of forest trees.

Viruses of woody forest plants and of their seeds are
known to be difficult to detect due to phenolic compounds
in plant extracts and an often irregular distribution or the
low concentration of the pathogens within the plants and
seeds when using serological methods as a tool. But still
these methods have to be regarded as important diagnos-
tic tools when considering the restricted capacity of the
test. The objectivity of electron microscopy has increased
by the use of immunological reagents, but more up-to-date
methods of detection are preferable for searching viruses
in woody plants. The ELISA is one of the most sensitive
immunological system. It was reported [18] that poplar mo-
saic virus was successfully detected in infected trees using
ELISA method. Methods which detect nucleic acid are of-
ten essential when the pathogen being sought lack protein.
A new perspective for the diagnosis gives the combination
of grafting plants to transmit the pathogen to host plants
and a modified technique of the polymerase chain reaction
(PCR) as well as the hybridization technique to detect the
assumed pathogen. The PCR and hybridization technique
are sensitive methods to detect viruses of smallest amount.
Werner et al. [57] evaluated a method for detecting cherry
leaf roll virus (CLRV) in seeds of birch and concluded that
PCR followed by immunocapture-reverse transcriptase is
the most sensitive way to detect the viral RNAs without a
radioactive detection, which makes the system cheaper
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and more reliable for routine use. In comparison to ELISA
techniques RT-PCR approaches represent a remarkable
improvement in sensitivity [41]. The advantages of PCR as
a diagnostic tool include exceptional sensitivity, speed, and
versatility. PCR is generally 102 to 105 times more sensi-
tive than enzyme-linked immunosorbent assay, the widely
used serological diagnostic benchmark. Sensitivity is of
particular importance when viruses occur at low concentra-
tion (dormant plant tissues, woody tissue) or are unevenly
distributed. Applications of PCR-based plant virus diagno-
sis usually include the following:

1. Germplasm screening;

2. Field surveys to determine virus incidence and geo-
graphic distribution;

3. Provision of virus-free planting material;

4. Domestic and international plant quarantine;

5. Detection of mixed virus infections;

6. Analysis of virus distribution in different plant tissues;

7. ldentification of alternative host plants;

8. Evaluation of virus-resistant or -tolerant cultivars;

9. Analysis of virus transmission by insect, nematode,
or fungal vectors.

In the early 1990s, the newest method of DNA amplifi-
cation, the polymerase chain reaction (PCR), was intro-
duced for plant pathogen detection. It provides a method of
exponentially amplifying specific DNA sequences by in vitro
DNA synthesis. Depending on the specificity of the primers,
the amplification products can provide both narrow and
broad detection capabilities for various isolates of a patho-
gen. For the application of viral RNA sequences to PCR,
cDNA is synthesized by reverse transcription (RT) and
amplified by PCR (RT-PCR). With the availability of nucleo-
tide sequences for many plant viruses and their strains, the
development of RT-PCR assays for the detection and di-
agnosis of viruses in plant tissues and vectors has become
feasible [50]. PCR methodology has been extensively ap-
plied to detect viroids, viruses, bacteria, mycoplasma-like
organisms, fungi, and nematodes infecting various plant
species [24]. This has opened new avenues for epidemiol-
ogical studies such as for analysis of molecular virus-vector
interactions and virus localization in the vector and it may
enable the development of novel approaches for the con-
trol of virus spread by vectors. Successful virus detection of
tobra- and nepoviruses has been reported in viruliferous
soil-inhabiting nematodes [53]. RT-PCR for the detection of
viruses is severalfold more sensitive than ELISA. Whereas
ELISA detects virus concentrations in the lower nanograms
or picograms, RT-PCR is capable of detecting viral nucleic
acids in femtograms (fg). Thus, the prospect of detecting
plant viruses by RT-PCR has increased, especially those
which occur in very low concentrations in their vectors,
e.g., nonpersistently transmissible viruses.

Inhibitors of RT or PCR can be effectively eliminated by
capture of virus particles (Virus-Capture PCR) from crude
plant tissue or vector extracts by the surface of polypropyl-
ene PCR tubes or microtiter plates or by polystyrene ELISA
plates.Components of crude plant extracts that would oth-
erwise inhibit RT-PCR are washed away. Immunocapture
PCR appears to be the method of choice when specific
antisera are available and highest sensitivity is required
[30, 46], e.g., for certification of virus-free planting material.
Immunocapture of serologically diverse virus isolates or
multiple strains/species requires broad-spectrum antisera
or a mixture of different antibodies. Immunocapture PCR or
RT-PCR works reliably for the entire spectrum of plant vi-
ruses, including enveloped tospoviruses [56].

These biological and molecular techniques have given
a large tool kit for the detection and diagnosis of plant vi-
ruses, thus researches may be done in various ways. But if

one wishes to determine whether a plant is virus infected,
say for quarantine purposes, one does not necessarily need
a sophisticated technique that identifies a virus strain. On the
other hand, if one is studying the durability of a potential
resistance gene (or transgene) it is very useful to have an
understanding of the range of variation of the virus. Thus,
one has to select the best technique for what is wanted.

Conclusion. Recent researches found that viruses are
predisposing factors leading to early senescence of trees.
Senescence reduces the regeneration capacity of the host
plants, and the juvenile metabolic vigor is lost. Viruses pre-
dispose trees to other damaging factors and lead to prema-
ture senescence. Under abiotic stress conditions the in-
fected trees have less potential for recovery from inciting
factors than non-infected trees. All these events may and
should be controlled by measures, which prevent or at
least decrease extent of impact of diseases caused by
or/and associated with viruses. When decisions are made
over which control measures (biological, chemical, phyto-
sanitary, etc.) to deploy and whether to use a measure
alone or together with others, the implementation of chosen
methods should be done with full responsibility. Some virus
control measures are generic, while others are so specific
that they only apply to particular pathosystems in certain
agro-ecological situations. In fact, to be adopted control
measures also need to be ecologically sustainable, robust,
affordable and compatible with standard agricultural prac-
tices. For example, a particular type of control measure
may be unsuitable for environmental or socio-economic
reasons as chemical control may cause build up of toxic
residues that are harmful to mankind, domestic animals
and wildlife or there is unforeseen accumulation of damag-
ing pests or other pathogens and its use is prohibited en-
tirely in true 'organic'production systems (42). If nurseries
are considered, elimination of virus-infected nursery stock
can prevent the introduction of viruses into new areas. Vec-
tor control should be considered in nurseries. For sure, If
we chose plants from nurseries without testing them on
presence or propagation of any kind of viruses or virus po-
tentially-related vectors it might later expand into infection
over a large area (for example, public gardens, national re-
serves, etc.). The spread of viruses in seed can be pre-
vented by appropriate indexing programs and the production
of seed and propagating material from virus-free trees.

Virus infections in forest plants pose a worldwide chal-
lenge to achieving satisfactory yields and quality of pro-
duce. But nowadays, the role of viruses which affect and
persist in forest trees and presented in forest soils is ne-
glected. As were mentioned in this article, many viruses of
forests haven't been identified yet or their influence on the
flow of some associated with viruses diseases haven't
been studied properly. Thus, we can not estimate correctly
what are the main causes of diseases — whether they
caused by microbiological agents or by virological agents.
Consequently, the role of viruses may be far underestee-
mated for forest biodiversity, forest protection services and
forestry-based industries. Knowledge of viral processes is
necessary for the nature of plant ecosystems and this basic
concept illustrates our vision very well — the more we know
about viruses the more we can affect them and regulate
their pathogenesis. Hopefully, an increasingly sophisticated
and diverse range of molecular control methods are be-
coming available to meet the challenge for virological de-
tection and identification. For example, the development of
molecular techniques reveals the characterization of DNA
or RNA virus genomes and their properties. From the taxo-
nomic viewpoint, this has led to a large increase in the
number of plant virus species and genera that have been
distinguished and also to the establishment of quantitative
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criteria to delimit different species [1]. Concerning plant
pathology, these methods have given a huge toolbox for
scientists for fast and accurate work with yet unknown in-
fection agents. In conclussion, maintaining the vigor of our
forests by using modern techniques and practices for iden-
tification, control and prevention of virus-related processes
in trees and soils should be main priority for modern day
plant pathologists across the globe.
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VIRAL INFECTIONS OF REPTILES:
A REAL THREATFOR HEALTH OF HUMANS AND WARM-BLOODED ANIMALS

Cmambsi nposicHsem Heo6xodumMocmb o6pamume éHUMaHUEe Ha 80MpPOC pacrpompaHeHusi eupycoe cpedu penmunull, Ko-
mopble Mo2ym npedcmassisimb cepbe3Hyto y2po3y 0ns 300poebsi todell u usomHbix. [lpoeedeHbl NUMOMHbIe uccriedosaHus
o nosly4eHuUro YyyecmeumesibHol cucmembl Os1s1 demeKyuu eupycoe penmuJsuli, Komopsbie 8 GanbHeliwem 6ydym ucnosib3oea-

HbI Ons1 pap3pabomku duacHocmuYyecKux Memodados.

This paper deals with problems concerning the spreading of reptilian viruses which may be a serious threat for human and
animal health. Preliminary studies have been carried out aiming the elaboration of a sensible test system permitting to detect

reptilian viruses and to develop diagnostics methods.

Introduction. Viral diseases of poikilotherm animals
as well as viral agents transmitted or/and persisted in
poikilotherm reservoir animals are now an almost unstud-
ied and actual problem of contemporary virology. Investi-
gations of reptilian pathology being today carried out be-
long to relatively new scientific trends which have become
to develop rapidly during these last years [2, 13]. Re-
search of disease agents able to infect both cold- and
warm-blooded hosts is mostly focused on reptiles partici-
pation in epidemiology of diseases caused by viruses be-
longing to families mentioned above. It should also em-
phasize the importance of reptile viral disease research for
veterinary specialists dealing with animal patients kept at
home, the studies in this field being also essential from the
scientific point of view concerning taxonomic investiga-
tions and virus evolution. In Ukraine there are almost no
investigations of viral diseases whose victims and/or vec-
tors are reptiles.

Object of this work is to draw attention to the impor-
tance of reptile viral infection problem as a possible source
of virus spreading among animals and humans. In addi-
tion, the aim of our experimental research is to elaborate
some protocols permitting to obtain virus susceptible cell
systems adequate for isolation of reptile viruses.

Today representatives of all Reptilia classes are known
to be possible intermediate hosts or reservoirs of different
pathogens [2, 4, 5, 13]. Numerous viruses isolated from
these animals have been described including those be-
longing to the arbovirus group (togaviruses, flaviviruses,
rhabdoviruses, and bunyaviruses) transmitted by arthro-
pods and causing infections of humans as well as of other
mammals and birds [4,6,10]. Numerous studies prove ar-
boviruses to possess enormous pathogenic possibilities.
During last two-three decades, a lot of jointed demo-
graphic, socio-economical, and ecological factors led to a
unique combination of previously absent conditions being
especially favorable for increasing of epidemic potencies
for numerous arboviruses (yellow fever, West Nile, dengue
fever, and Chikungunya viruses) as well as for their
spreading on territories where they had been previously
absent, such spreading being accompanied by devastating
epidemics [3,4]. The scientific data have already proved
different members of the arbovirus group to be able to in-
fect any reptilian species [26]. Under certain temperature
conditions, viremia can appear in these animals. The re-
cent studies demonstrate some arboviruses are able to
persist in reptilian organisms during the winter period. Such
a factor plays an outstanding role in infective epidemiology
of diseases caused by these viruses. The West Nile virus
(WNV) causes an arboviral disease endemic for Africa,
Asia Europe, Europe, and Oceania, the infection being
transmitted by mosquitoes of the Culicidae family. This
virus infects susceptible mammalian species including hu-
mans as well as avian species causing the development of
meningoencephalitis. The first epizootic outbreak due to
this virus activity among birds was registered in the USA
(New-York) in 1999 [12]. Before 2002 the virus spread on

territories of all states; 120 humans fell ill in the same
years, 11 of them died [2]. In 2001 first cases of alligator
disease were reported from the state of Florida alligator
farms; next year such reports were from farms of Georgia
as well as from a Nile crocodile farm in Israel and from
Mexico where the disease had been detected among wild
crocodiles [2,10]. Until 2005, the disease was registered in
states Texas, Louisiana, and ldaho. In Louisiana, 5000
young alligators perished, four cases of human infection
among the farm workers have been found [30]. Seroposi-
tive individuals were detected in epizootic nidi among wild
alligators [2]. The West Nile virus is a typical emergent
infection for Crocodylidae; it is probably due to introduction
of a viral strain being pathogenic for humans, birds, and
horses. There are some data proving a high viremia degree
in diseased alligators associated with marked virus secre-
tion. Taking into consideration the peculiarities of epizootic
outbreaks it is foreseen the infective agent to be spread
among sensible Crocodylidae species by other ways, not
only by transmission. It has been recently reported about
parenteral and oral virus inoculation to alligators [13]. These
data suggest a possible danger of infection for humans
being in direct contact with animal feces and tissues [2,14].

The Japanese encephalitis virus (JEV) has been isolated
from Chinese rat snakes (Elaphe rufodorsata) in Korea [15].
And the antibodies to JEV has been found in cobras (Naja
naja) in Hong Kong. Transmission studies with Japanese
encephalitis virus have shown that lizards can be infected
with this virus both by parenteral inoculation and, in some
species, by feeding on infected mosquitoes. Infected animals
develop viremia, and the development of viremia is tempera-
ture dependent [205]. No clinical symptoms were reported in
the lizards in that study. Direct virus detection in naturally
infected reptiles by isolation in cell culture or by RT-PCR has
been described less frequently[13].

Most alphaviruses can infect a wide range of verte-
brates, mostly birds and mammals,but several have also
been reported in reptiles. Studies on alphaviruses in rep-
tiles have mostly focused on the possible role of these
animals for the transmission of alphaviruses to humans
and livestock. This has led to a focus on persistence of
alphaviruses in reptiles, particularly viral persistence over
winter in temperate regions in the absence of mosquito
activity. Evidence of infections with eastern equine en-
cephalitis (EEE) virus and western equine encephalitis
(WEE) virus, either by isolation or serology, have been
reported in a variety of chelonians, lizards (including mem-
bers of the families Lacertidae, Teiidae, Iguanidae, Agami-
dae, and Gekkonidae) and snakes (including members of
the families Colubridae, Elapidae, and Crotalidae)[10].
Transmission studies have been performed in garter
snakes to determine whether the virus can overwinter in
snakes, can result in antibody production, and be infectious
to mosquitoes. Environmental (body) temperature affects
viremia, with no viremia detected in experimentally infected
snakes during torpor, and a lag time of several days re-
quired to detect the virus after an animal emerges and is
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warmed. In some experimental studies, a persistent vire-
mia was seen.[10] A transmission study involving subcuta-
neous injection of spotted turtles (Clemmys guttata) with
EEE virus led to the development of viremia and neutraliz-
ing antibodies in infected turtles. Subcutaneous infection of
Texas tortoises (Gopherus berlandieri) with WEE virus led to
high titer viremia over an extended period of time. Viremia
was longer at lower temperatures than at high environmental
temperatures. None of the transmission studies described
any signs of clinical disease in infected reptiles [13].

The investigations carried out by scientists of several
universities in Alabama prove the poikilotherm vertebrates
may be reservoir hosts of the Eastern equine encephalo-
myelitis virus (EEEV) [11]. During 2001-2003, females of
blood-suckling Culicidae mosquitoes belonging to Culex,
Aedes, Culiseta, and Uranotaenia genera were tested as
possible EEEV-transmitting vectors. The data obtained show
that certain mosquito species of genera Uranotaenia and
Culex (U. sapphirina, C. erraticus, and C.peccator) collected
during the transmission period (from April to October) prefer
poikilotherm vertebrates as their hosts. The species
C.peccator belongs to the subgenus Melanoconion, its
members being vectors of alphaviruses [6,11]. During the
study period the EEEV was detected in all mosquito species.

Poikilotherm animal species were supposed to be possible
EEEV reservoirs in South-Eastern territories of the USA,
mosquito species C. peccator and U.sapphirina being found
to feed on reptiles and amphibians. There are also publica-
tions concerning the EEEV detection in other mosquito spe-
cies — Aedes vexans and Culiseta melanura feeding also on
reptiles and amphibians; they may be an important link in
the chain of the EEEV spreadingg. According to the data ob-
tained by P.YaKilochyts'ki®, N.P.Kilochyts'ka, and
V.P.Sheremet, the urbanization process has given a stimu-
lus for a new direction of mosquito evolution accompanied
by intensive adaptation for existence in new environment
conditions. Seven mosquito species including Aedes vexans
and other members of Aedes and Culex genera are now
considered as potentially dangerous vectors of human and
animal infective agents [3]. The mosquito genera being the
most important for arbovirus transmission are Aedes, Culex,
and Haemagogus [3,6].

According to the data of official Interpol and CITES
statistics, the world volume of illegal market turnover con-
cerning endangered animal species reaches from $8-10
up to $20 milliard annually; it is the second position com-
paring to drug market gains (forestalling the arm trade
ones). [1,16] (table 1).

Table 1.Volume of the alive reptiles market turnover (for some countries)

Country Period of time, years Quantity of alive reptiles imported (annually) Quantity of alive reptiles exported
USA 1989-1997 2,000,000 9,000,000 *
2002 2,250,000
EC countries 1992-2002 11,000**
South Korea 1993 1,400,000***
Italy 1993 1,300,000
Ukraine 1999-2009 1,000,000

*In most cases they are read-eared turtles (Trachemys scripta elegans); according to the USA legislation, any species of fresh water
turtles cannot be imported, the trade within the country being forbidden if their test diameter exceeds 10 cm; it is a preventive measure
against salmonellosis outbreaks, these animals being their common source.

**These data concern only crocodiles and monitors (Varanus sp.).

***These data concern only read-eared turtles.

Independent experts consider the annual animal turn-
over smuggling in Ukraine reaches $200 million [1]. Our
country is not only an outlet for such animals, but also their
transit, export, and reexport nidus. According to the WWF
data, Ukraine is the main transit country concerning wild
animal supply from the Western Europe to post-Soviet
states and vice versa [1]. The Kyiv Eco-Cultural Center’
considers more than 10 million of reptiles together with
other animals have been illegally imported to Ukraine dur-
ing last years [1]. According to official statistics, the quan-

tity of arrested illegal imported exotic animal batches in
post-Soviet countries become almost twice higher compar-
ing to batches arrested several years ago [16]. The main
suppliers of reptiles, amphibians and other exotic animals
for Russian and Ukrainian "black market" are countries of
South-Eastern Asia, South America, and Africa, most of
them being unfavorable from the point of view of danger-
ous viral infections [16]. Among such infections there are
also ones whose vectors and/or intermediate hosts may be
also cold-blooded animals (table 2).

Table 2. Anthropozoonoses which may be common for cold-blooded, warm-blooded animals, and humans

Disease and its agent

Western equine encepha-|Birds,
lomyelitis (WEE), a virus of | snakes, horses.
Togaviridae family
Vectors: mosquitoes
Eastern equine encepha-|Birds, some lizards, | Without
lomyelitis (EEE), a virus|and crocodiles manifestations in
of Togaviridae family all animals except

about 95%
West Nile fever (VNF), a|Toads, snakes,
virus of Flaviviridaefamily |crocodiles,
monitors, tortoises. |symptoms, high
lethality
Vectors: mosquitoes
Japanese Lizards,
encephalomyelitis, JEM, |birds, horses, pigs.
a virus of Flaviviridae
family

Vectors: mosquitoes

Hosts and vectors | Disease manifestations in
domestic animals

squirrels, | Without manifestations in all |Blood samples of tortoises and | Encephalomyelitis
animals except horses, their|crocodiles
lethality being about 30%

Vectors: mosquitoes |horses, their lethality being|proved to be seropositive

Neurologic symptoms
Crocodiles: neurologic

snakes, | Severe encephalitis
No symptoms in reptiles

Disease
manifestations in humans

Source of isolates
(of reptile viruses)

Antibodies are detected in
tegu lizards; some wild alliga-
tos of Mississippi are also

Virus is highly pathogenic for|Fever,
crocodiles; high lethality is|neurologic
seen for young animals. The|symptoms
agent was found in 1hese
animals of all continents.

Field isolates from snakes;|Encephalitis
development of viremia follow-
ing an infected insect has
been eaten
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Besides, new emergent infections appeared during last
years are a serious threat not only for human-organized,
but also for natural reptile and amphibian populations, so
we must pay more attention to researches concerning the
viruses mentioned above as probable etiologic agents
causing these animals infective diseases [3]. Captive ani-
mals caught in wilderness find themselves in contact with
new pathogens. Stresses due to capture as well as to
transporting and non-adequate life conditions cause sig-
nificant immune suppression, the animals becoming more
susceptible to infections. In addition, animals from different
continents are kept very oft together, such conditions being

exceptionally favorable for infective agents spreading and
their inculcation into new host organisms. Without any
doubt, the pathogen evolution takes place, these agents
becoming able to infect new hosts in which they have not
been earlier detected [2,4,10]. Taking into consideration a
low level of animal maintenance by their hosts (the worst
situation is seen with exotic species) there is a real threat
of new pathogen penetration into the environment. Combi-
nation of these factors may lead to pathogen spreading
among sensible animals and humans as well as to catas-
trophic results for local herpetofauna if infected individuals
penetrate to local natural animal populations (Scheme 1).

Scheme 1. Possibleways of inter-species transmission of dangerous pathogens and factors favorable for such processes

Reptiles are possible Reptiles are wild-caught in Reptiles defeated by blood-suckling
reservoir host of viral _| countries with unfavorable | parasites (different mites) which
infections dangerous for > situation concerning « may be transmissible or mechanical
worm-blooded animals anthropozoonoses and vectors of dangerous infectious

and humans transmissible diseases agents
v
Terrible barbarous lllegal Imperfect legislation and
conditions < import veterinary requirements for import
oftransporting of a given animal group
A \ 4 \ 4
Transporting Overcrowding, non-adequate Marked Absence of adequate diagnostics
- I—p| conditions of maintenance parasite and control of potentially
inducedstre fordifferent animal species invasion. dangerous diseases

N B

High percent of animal death. Potentially Absence of adequate Potentially
Marked immunity decrease sensitive animals information for animal sensitive
* (wild/domestic [ hosts and low level of [—P] human
animals, exotic animal population
Manifesting features of disease livestock) maintenance aroups
— and/or virus isolation

A 4

A 4 A 4

Possibility of infecting by potentially dangerous diseases
of domestic and wild animals (including representatives
of the Ukrainian herpetofauna) and humans. Possibility

A

of emergent infection appearance

The infections being the most dangerous for
poikilotherm animals are amphibian chytridiomycosis [34]
and ranavirosis (it is now included into the OIE list of dan-
gerous diseases [17]) as well as the spreading of the West
Nile virus in Mississippi alligator populations in the USA
[18]. There are also reports about diseases of other croco-
diles species from different continents [3,18,25,30]; insect
diseases caused by agents belonging to the lIridoviridae
family are found also to infect reptiles [21,26,27]; there are
reports on land and water tortoises infecting by the amphib-
ian ranovirus [20,29]. The infections being the most wide-
spread and causative mass mortality of reptiles in collection
include: herpesvirus caused infection of tortoises, para-
myxovirosis affecting snakes, and inclusion body disease of
boas and pythons. About 12 viral agents reproducing in hu-
mans and other mammalian species have been successfully
inoculated to reptiles during experimental studies [3, 10].

According to Ukrainian veterinary norms, only bacterio-
logical control (to detect the presence of Salmonella) and
quarantine during 30 days are required. However, such
preventive measures are not sufficient for detection of
many dangerous infections widely spread among wild cold-
blooded animals. That is why there is an urgent necessity
of elaboration of veterinary approaches intended for early
diagnostics and including quarantine measures, screening

inspection of recently imported or caught animals as well as
organization of effective treatment for a given animal group.
The problems discussed above become more and more
burning not only for persons being reptile hosts and main-
taining them as zooculture objects, but especially for those
who take part in the realization of programs intended to con-
serve and re-introduce exotic and rare species as well as in
trade regulation, reptile transporting, and elaboration of vet-
erinary norms for this animal group.

We have begun investigations aiming to obtain primary
cold-blooded animal cell cultures in prder to elaborate vi-
rus-sensitive cell systems necessary for reptile virus isola-
tion. As cell donors African chameleon (Chamaeleo calyp-
tratus) and sand lizard {Lacerta agilis) were used. Cell sus-
pensions were prepared by cold trypsinization. Now we aim
to determine the most favorable temperatures for cell culti-
vation (29 °C, 37°C) and optimal culture media composi-
tions (based on DMEM and RPMI 1620 media). Chame-
leon cell cultures (prepared from kidney tissues) were kept
4 days at 28°C before the beginning of cell proliferation.
The medium was then substituted after each 3 days of cul-
tivation, different embryonic calf serum concentrations be-
ing added (from 10 % up to 20 %). In 10 days a non-
confluent cell monolayer was seen, the cells being similar
to lengthened spindle-shaped ones (we have not yet found




~ 48 ~

B 1 C H MU K Kuiscbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleByeHka

cells of such morphology in the available scientific litera-
ture) [8]. The cells which had developed no complete
monolayer survived during 29 days, their death causes be-
ing unknown. A primary cell culture prepared using Lazerta
agilis kidneys and testicles survived at 29°C during 16 days.

Conclusions. The analysis of available published data
proves the spreading of dangerous pathogens among rep-
tiles, these pathogens being able to cause viral diseases of
warm-blooded animals and humans. It is extremely neces-
sary to pay attention to reptilian viruses investigation
among Ukrainian reptilian populations to maintain and in-
crease the biosafety in our country.

1. bepesoBckas H0.3Bepckue poxogbl// KoHTpaktbl. — 2005. — Ne20. —
C.17-18. 2. Bacunees [., lUsen B. BupycHble 6onesnn pentunuin// Hayu-
Hble uccrnegoBaHus B 30050rnyecknx napkax. — 2007. — Ne22. — C. 182-215.
3. Kunounukuin M., Kunounukas H., Llepemet B. [OuHamuka nonynsuui
KpoBOCOCYyLLMX komapoB Ha TeppuTopumn Knesa// | Bcepoccuiickoe CoBelua-
HMe no npobremamMm M3y4eHUs KPOBOCOCYLUMX HacekoMbix: Matep. Hayu.
KoHdep., C.-Metepbypr, 2006. - C. 34-38 http://www.zin.ru/
conferences/blsuck1/Tezisy_htm/Kilochitzki.htm._4. Ariel E.Viruses in rep-
tiles//Veterinary Research. — 2011. 5. Clark F. Growth and Attenuation of
Rabies Virus in Cell Cultures of Reptilian Origin// Experimental Biology

Medicine. — 1972. — vol.139. — pp.14-18. 6. Cupp E., Zhang D., Yue X,
Cupp M., at al. Identification of reptilian and amphibian blood meals from
mosquitoes in an Eastern Equine Encephalomyelitis virus focus in central
Alabama//J.Trop. Med. Hyg. — 2004. — 71(3). — pp.272-276. 7. Flaviviri-
dae./Thiel H., Collett M., Gould E., at al.// Taxonomy, Eighth Report of the
International Committee onTaxonomy of Viruses;Virus Elsevier Academic
Press: Amsterdam, The Netherlands., — 2005.- pp. 981-998. 8. Freshney J.
Culture of animal cells:a manual of basic technique. — 2005. 9. Infection with
ranaviru s/http://www.oie.int/fileadmin/Home/eng/Internationa_Standard_Setting/
docs/pdf/Ranavirus_card_final.pdfhttp://www.oie.int/animal-health-in-the-world
/oie-listed-diseases-2012/_10. Jacobson E. Infection diseases and pathol-
ogy of reptiles. — 2007. 11. Karstad L.Reptiles as possible reservoir hosts for
Eastern encephalitis virus//Trans 26th North Am Wildlife Conf. — 1961. —
pp.186-202. 12. Komar, N. West Nile virus: Epidemiology and ecology in
North America. Adv. Virus Res. 2003,61, 185-234. 13. Marschang R. Vi-
ruses Infecting Reptiles [Electronic resource] // Viruses. — 2011 Novem-
ber; 3(11): 2087-2126. Mode of access: WWW. URL: ncbi.nim.nih.gov
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3230843/ — Title from the
screen. 14. Nevarez J., Mitchell M., Kim D., at al. West Nile virus in alligator,
Alligator mississippiensis, ranches from Louisiana// H. Herp. Med. Surg.-
2005. — vol.15. — pp. 4-9. 15. Oya A., Doi R.., Shirasaka A., at al. Studies on
Japanese encephalitis virusinfection of reptiles. |I. Experimental infection of
snakes and lizards// Jpn. J. Exp. Med. 1983, 53,117-123. 16. The Reptile
and Amphibian Communities in the United States January 2001 USD A:
APHIS :VS Centers for Epidemiology and Animal Health.

Hapinwna pno peakonerii 25.04.12

G. Shchetinina, stud., I. Budzanivska, PhD, A. Kharina, PhD, O. Pereboychuk, PhD

FIRST DETECTION OF HOSTA VIRUS X IN UKRAINE

B cmambe npedcmasesnieHbl pe3ynbmambl MOHUmopuHaa X eupyca xocmsi (HVX) e HayuoHanbHoM 6omaHu4eckom cady
YkpauHb! um. H.H. MNpuwka. Ha pacmeHusix xocmbl Habnro0anu cuMnmoMbl MO3auku u degpopmayuu nucmees. [lpucymcemeue
HVX-uHghekyuu e pacmeHusix xocmbl copma 'Sum of and substance' 6b1510 nodmeepxdeHo pesynbmamamu ELISA, TEM u
RT-PCR. HVX 6bin uzonupoeaH u3 60/bHbIX pacmeHull Xocmbl, KOHUeHmpauyusi o4uujeHHozo npenapama HVX cocmaensina

npubnusumensHo 3 ma2/mi.

The results of Hosta virus X (HVX) monitoring in M.M. Hryshko National botanical garden of Ukraine (NAS of Ukraine) are pre-
sented. Leaf mosaic and deformation symptoms were observed on hosta plants. The presence of HVX in hosta cultivar ‘'Sum of
and substance' was confirmed by ELISA, TEM and RT-PCR. HVX was isolated from diseased hosta. Purification of HVX from

hosta leaves yielded about 3 mg/ml.

Hostas or (funkias) are very popular in Ukraine and
worldwide, hardy herbaceous perennials grown primarily
for their beautiful foliage. Hosta plants generally reache full
maturity in 4-8 years, and their size depends on the cultivar
[1]. Hosta foliage can be blue, gold (yellow), or green and
are often variegated. They are easy to grow and shade-
tolerant plants. The plants are low maintenance and are
widely available in nurseries and garden centers. In
Ukraine hosta settled in private collections, but the biggest
collection has been mounted in the National botanical gar-
den by M.M. Hryshko. Certain hosta cultivars are suscepti-
ble to a number of viruses, including Hosta Virus X (HVX).
Despite its relatively recent discovery, HVX had a signifi-
cant impact on the hosta industry resulting from the infec-
tion and subsequent destruction of many HVX-infected
hostas [2]. Symptoms of this virus include mosaic, chloro-
sis, and necrosis on leaves; severely affected leaves may
wither and die. HVX can be transmitted during vegetative
propagation of plants and mechanically. Diagnostic laborato-
ries and nursery surveys of symptomatic plantshave con-
firmed a number of HVX-infected hosta cultivars worldwide
[3]. New HVX-infected hosta cultivars continue tobe de-
tected. Investigations of distribution of HVX in Ukraine have
not been conducted. The aim of this work was monitoring of
HVX in M.M. Hryshko National botanical garden of Ukraine.

Materials and methods. During autumn 2011, the
samples of hostas exhibiting virus-like symptoms were
collected from M. M. Gryshko National Botanical Garden
(NAS of Ukraine). Several samples were collected from
symptomless plants. A total 21 samples from 4 hosta culti-
vars ('Sum and substance', 'Striptease’, 'Lady Guinevere',
'Old Faithful') were analyzed for the presence of the virus.

Taking into account serological relation between HVX
and PVX (potato virus X) indirect ELISA tests of hosta
samples were carried out using antiserum to PVX.

For EM examination, partially purified plant sap was
mounted on formvar grids and negatively stained with 2%
uranyl acetate. The preparations were viewed under the elec-
tron microscope at an instrumental magnification of 20,000.

The method used or virus purification was adapted from
those of Goodman (1975) for PVX. The virus was purified
by clarification in chloroform, precipitations using polyethyl-
ene glycol 6000, and differential centrifugation.

Total RNA was extracted from plant material and sub-
jected to RT-PCR using primers a6448 and s5722 corre-
sponding to nucleotide sequences 6448-6428 and 5722-
5742, respectively of HVX from Korea (HVX-Kr) (GenBank
Accession No. AJ620114)[1,3].

Results and discussion. The main objective of the
present investigation was diagnostic of hosta plantings for
infection with HVX in Ukraine. For this purpose four varie-
ties of hosta were tested. Visual monitoring of hosta plant-
ings revealed the presence of plants with symptoms of viral
disease. On hosta plants of cultivar 'Sum of and substance'
we observed dark, green streaking and puckering along the
leaf veins (Fig. 1.). The plants of cultivars 'Striptease' and
'‘Lady Guinevere' with symptoms of chlorosis and leaf des-
iccation were collected for farther analysis (Fig. 2,3). Hosta
'Old Faithful' displayed puckering and distortion on leaves
(Fig. 4.). According to the literature data the symptoms of
HXV-infection can vary depending on cultivar, plant age
and growth condition. The viral symptoms also can be con-
fused with symptoms cased by other ethiological agents.
To reveal viral etiology of diseases more specific serologi-
cal methods should be used.

© Shchetinina G., Budzanivska I., Kharina A., Pereboychuk O., 2012
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Fig.1. Virus-like symptoms on hosta Fig.2. Chlorosis and leaf desiccation on hosta
of cultivar 'Sum of and substance’ of cultivar 'Striptease’

Fig. 3. Color blotches and leaf desiccation Fig. 4. Puckering and distortion on leaves
of hosta 'Lady Guinevere' of hosta 'Old Faithful'
HVX belongs to the genus potexvirus and is serologi- ELISA results HVX was detected in pants of 'Sum of and

caly related to PVX so it was a good chance that newly substance' cultivar (Fig. 5), however absorbance value in
isolated HVX would react with antiserum raised against this case was low. The samples of other hosta cultivars
PVX. Given this we used anti-PVX antiserum for primary gave negative results is ELISA.

identification of HVX in collected samples. According to

1 -

0,9 ?
0,8 /
. é
0,6 7//
g
; %
0,3 /
0,2 7 /
%

“ r ’ ’

N ”, % o )

> N >

(\00 090 G@/ ({& 000 néo »¢°

2 (2 2 & 2 N &
& & «° < & o °d
9"0 & ol 3 9\;0 & &
& q ) O O N >
G 2 RS & & ]
& Q"V R <
M M

R RS

Fig.5. ELISA results for HVX detection in the samples of hosta

Transmission electron microscopy revealed the presence
of filamentous viral particles in partially cleared plant sap
obtained from hosta of cultivar 'Sum of and substance'

(fig.6). The modal length and diameter of such particles were
470-580 and 13 nm, respectively. According to virion mor-
phology and size observed viral particle correspond to HVX.
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Fig.6. Electron micrographs of virus isolated from hosta (instrumental magnification 20,000)

The virus was purified from systematically infected of
hosta plants (cultivar 'Sum of and substance' ). An yield of
3,1 mg /ml was thus obtained. The 260/280 ratio of the
purified preparation was 1.37. Purified virus will be used for
the future research of isolated virus and for obtaining diag-
nostic antiserum.

Taking into account low absorbance values obtained
under ELISA we performed RT-PCR for detection of HXV
in collected samples. At raising of RT — PCR used kit

SYPER - SKRIPT - 2(Invitrogen, USA), and pair of prim-
ers that amplification product by molecular mass 706[9].
We modified methodology of raising for reaction. On the
first stage conducted a selection to the virus(but not RNA).
After warming up, the standards of virus were used for rais-
ing of RT — PCR (without a previous selection to RNA). As
a result by the method of electrophoresis in 1,5% agarose
gels are educed product of amplification of corresponding
molecular mass (fig. 7).

M 1 2

3 4 5 6

Fig.7. Agarose gel electrophoresis of RT-PCR products from hosta plants.
M — markers, 1 -Hosta ' Sum and substance', 2 — hosta 'Striptease’, 3 — hosta 'Lady Guinevere',
4 — Hosta 'Old Faithfu', 5 — is positive control, 6 is negative control

The presence of HVX in hosta cultivar' Sum and sub-
stance' was confirmed by RT-PCR using a specific primer
pair that amplifies the HVX coat protein (fig. 7). The ampli-
fied product with corresponding molecular mass (706 bp.)
was obtained and will be used for the nucleotide sequence
determining of CP-gene of HVX Ukrainian isolate and for
phylogenetic analysis. The virus was not detected in sam-
ples of another hosta cultivars.

Conclusions. Monitoring of hosta virus X in M. M. Gry-
shko National Botanical Garden revealed the presence of
this virus in at least one hosta cultivar. According ELISA
and RT-PCR results another three investigated hosta culti-
vars were free from HVX. However all this cultivars dis-
played the symptoms of viral infection. Hosta plants can be
infected with several viruses including impatiens necrotic
spot virus, tomato ringspot virus, tobacco rattle virus. The
causative agent of virus-like symptoms in this case should
be established using specific methods.

Identified HVX was purified from plant material and will
be used for obtaining antiserum with in turn will enable a
diagnostic of this virus in Ukrainian collections of hosta.
Hosta is a popular perennial ornamental plant in Ukraine.
Hence, measures should be taken to reduce HVX spread.
Screening of hostas for HVX prior to distribution is the first
important step in control of this virus.

1. Ryu KH, Choi SH. Molecular detection and analysis of Sweet potato
feathery mottle virus from root and leaf tissues of cultivated sweet potato
plants // Plant Pathol. — 2002. — Vol 18. — P 12—17. Currier S, Lockhart BEL.
Characterization of a potexvirus infecting Hosta spp // Plant Dis. — 1996. —
Vol 80. — P. 1040-1043. 2. Ryu KH, Park MH, Lee JS (2002) Occurrence of
mosaic disease of Hosta plants caused by Hosta virus X // Plant Pathol. —
Vol 18. — P. 313-316. 3. Ryu KH, Min BE, Choi GS, Choi SH, Kwon SB.
Zucchini green mottle mosaic virus is a new tobamovirus; comparison of its
coat protein gene with that of kyuri green mottle mosaic virus // Arch Virol. —
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0. Shevchenko, PhD

SUMMARY OF LAB DIAGNOSTICS
FOR VIRUS PESTS ENDANGERING GLASSHOUSE FARMING OF VEGETABLES IN UKRAINE:
THE OUTCOMES, SOURCES OF INFECTION, AND CONCLUSIONS

HaHHas pa6oma o606waem pe3ynbmamsi npoeedeHHbIx n1abopamopuell Hay4YHbIX 3KCrepmu3 pacmumesbHo20, CeMeHHO20
U nocado4yHO20 Mamepuasioe 08OUWHbLIX KY/IbMyp, KOMopbie ebipaujuearomcsi 6 mernauyHbIx ycrnoeusix. lpueedeHb! daHHbIe
OomHocumesnibHO UHOKY/IIOMa U pekomeHOayuu 0151 npedomepawieHusi pa3eumusi UPYCHbIX UHGheKyud.

This work summarizes the outcomes of conducted laboratory testings of plant, seed and seedling material for vegetable cul-
tures grown in glasshouse conditions. Here we provide data of the source(s) of infection and recommendations regarding pre-

ventive measures against virus diseases.

Introduction. The Department of Virology at Taras
Shevchenko' Kyiv National University is a known expert in
monitoring and diagnostics of virus diseases of agricultures
and in plant virus epidemiology. During the last decade we
have been extensively involved in studying virus diversity
and spread for both natural and manmade ecosystems for
fundamental issues (virus ecology, virus epidemiology and
evolution). This is reflected in vast number of publications
[1-4] and related joint international projects with leading
institutions from Czech Republic, Germany, Bulgaria, Hun-
gary, Turkey, Belarus and the USA.

Glasshouse farms represent so called 'closed ground'
systems and having stable temperature, light and humidity
conditions are posed to significantly higher risk of devel-
opment of bacterial, virus and fungi diseases. Atrtificial con-
ditions of glasshouses not only favor propagation of plant
virus vectors — insects and nematodes — but also seriously
intensify mechanical transmission of the pathogens due to
the elevated density of plants and fungi growing there. Be-
cause of indicated reasons, mixed infections of plants or
fungi with viruses and other pathogens are rather common
for glasshouses and endanger the commercial outcomes of
farming. Analysis of plant/seed material and soil, fungi and
substrate for viruses will allow reacting adequately, intro-
duce prophylactic measures and minimize losses of com-
mercially valuable production.

During the last 5 years we have faced a growing de-
mand from conscious farmers looking for possible means
of improvement of their farming business. Glasshouse
farming has become an important branch of agriculture in
Ukraine and is growing with a very fast pace. Among the
major plant cultures grown in glasshouse conditions are
typical vegetables: tomato, cucumber, sweet pepper, egg-
plant, cabbage and zucchini. It is worth saying that new
glasshouses are mostly state-of-the-art both in terms of the
structure itself and in terms of technology, and virtually
every possible measure for plant cultivation (the light, wa-
tering regime and technologies, use of special substrates,
nutritional norms, etc.) and defense (use of certified seed
material, use of sterile substrate, vector control, etc.) has
been put into place.

In spite of such measures, we are regularly contacted
by farmers asking to check their plant/seed/substrate mate-
rial for viruses infecting different cultures. Here we repre-

sent major outcomes of such experiments and provide our
conclusions.

Materials and methods.

Sample preparation

Samples of vegetative tissues were homogenized in
sterile mortars with autoclaved 0.1M PBS buffer, pH 7.4
(1:2-1:4, wiv), at 4°C. Then the extracts were subjected to
low-speed centrifugation at 5000 rpm for 20 min (4°C) on
RS-6 centrifuge ('TNC DASTAN', USSR) to remove the
debris [5]. Obtained clarified extracts were further used for
virus detection via ELISA.

In case of seeds, these were soaked in sterile water at
room temperature for 24-72 hours and then treated as de-
scribed above. Soil and substrate samples have been ho-
mogenized the same way.

ELISA

We have used DAS-ELISA as recommended by EPPO
[6]. In this work we have employed commercial antisera for
different viruses of Loewe and DSMZ (Germany), Prime
Diagnostics (The Netherlands), and INRA (France) follow-
ing the manufacturers' instructions.

Briefly, 96-well sterile plates (‘Labsystems', Finland)
were coated with unconjugated virus-specific antibodies
and incubated for 4 h at 36°C to allow to adhere to the
wells. Then the samples (clarified sap) were deposited and
incubated overnight at 4°C. Then the conjugated virus-
specific antibodies were applied and incubated for 4 h at
36°C. Each step was followed by triple washing of the
plates with 0.2% Tween in 0.1M PBS, pH7.4. The last step
was the application of substrate solution (n-nitrophenyl
phosphate) for alkaline phosphatase ('Sigma’, USA) to
visualize positive reaction, and incubation for 60 min at
room temperature in the dark. The reaction was stopped
with 3M NaOH. Finally, the results were counted at the
wavelength of 405 nm (OD405) on ELISA reader ('Dy-
natech', Germany).

Results and discussion. Among the major cultures
grown in glasshouses are: Lycopersicon esculentum, Cap-
sicum annuum, Cucumis sativus, Solanum melongena,
Brassica oleracea and Cucurbita pepo (zucchini). These
can be infected by a vast list of viruses. We have carried
out the testing for major and most dangerous viruses only,
which are most typical for these plants and found regularly
in Europe (and Ukraine) both in glasshouses and open
fields. The results are given in Table 1.

© Shevchenko O., 2012



~ 52 ~

B 1 C H MU K Kuiscbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleByeHka

Table 1. Summarized outcomes of testing of major vegetable cultures grown
in glasshouse conditions for virus diseases (2008-2012 yy)

Culture Viruses found

Overall percentage of infected plants

Tentative source of infection

CMV, PMMV, TRV,

Lycopersiconesculentum TMV, TRSV, AMV 5-50% Mechanical transmission or vector
CMV, AMV, PMMV,
Capsicumannuum ToMV, TMV, TRSV, 5-60% All possible means of infection
TSWV
Cucumissativus CGMMV, CMV 10%-100% Mechanical transmission, seed material

(CMV)

CMV, TRV, TSWYV,

Solanum melongena TRSY. AMV. ToMV 10-90% All possible means of infection
Brassicaoleracea AMV 5-50% Mechanical transmission or vector
Cucurbita pepo (zucchini) | ZYMV, CMV, WMV-2 10-100% Vector or mechanical transmission, seed

material (CMV)

As can be seen from this table, many viruses are found
to invade these cultures in glasshouses. As normally only
diseased (symptomatic) plants are brought into the lab for
subsequent analysis, the infection rate varies from moder-
ate (5-10%) to high or extreme (50-100%).

We should also say that relatively many plant samples
(up to 10%) were infected with 2 viruses or more (mixed
infection).

Analyzing the sources of infection(s) we came to surpris-
ing conclusion. In most cases the seeds of respective cul-
tures were virus-free, which is rather logical as the seeds are
mostly imported being certified as virus-free. There are sev-
eral exceptions and Cucumissativus seeds are the most
prominent example here. Several batches of seeds of this
plant obtained from different sources (i.e., farmers) con-
tained CMV, and they were all imported from Russia.

The most common source of infection, again surprisingly,
was mechanical transmission of the virus in the glasshouse. In
such a way, something (tools? equipment?) or somebody
(workers) brought the virus in the glasshouse where the initial
infection then happened. Further on, initially infected plant has
become a source of virus for its neighbours.

Vectors (flying insects, predominantly aphids) are a rare
case as can be relatively easily monitored and controlled.

Analysis showed that soil and substrate are uncommon
sources of infection, as they are regularly changed (sub-
strate) or sterilized (soil).

Insofar we may conclude that major problems with vi-
ruses we encounter in glasshouse farming are the non-
compliance with hygienic and sanitary norms.

Conclusions. In this work we have demonstrated that
plants cultivated in 'controlled' glasshouse conditions are
often infected by different 'uncontrolled’ viruses. Surpris-
ingly, even when using certified virus-free seed material
and controlling vector populations in the glasshouse (virtu-
ally every farmer has confirmed that they have no vectors
at all!) we still can see rather high level of virus infections in
major vegetable cultures. This is reflected in millions of
dollars lost annually in total.

Therefore, the neglect of proven hygienic and sanitary
norms is the major cause of such losses. There two points
every farmer can do in order to improve this situation, ensuring:

1) proper training of its personnel;

2) regular random-based diagnostics of plant material
for most common viruses.

Sporadic testing (that's what our lab does, when we've
sent already diseased plants for testing) can only witness
moderate of high level of infection. Regular analysis will
help eradicate diseased plants when they are not a source
of infection yet (i.e., when there are no symptoms yet, and
hence there's no reason to eradicate such plant).

Proper knowledge and conducting diagnostics in ad-
vance will help avoiding crop losses in future.

In addition, we may add that the cultivation of plants in the
open field faces similar problems. However, the typical rate of
infection for such plants is much lower. Same recommenda-
tions apply here as well — be prepared and act in advance.

Our rich experience, trained scientific personnel and
state-of-the-art equipment for plant virus diagnostics allow
to propose:

Diagnostics of virus diseases:

o Cereals (rice, wheat, barley, rye, oat, maize)

e QOil and industrial cultures (sunflower, cotton, sugar
beet, sugar cane, rape, tobacco)

e \Vegetableand cucurbitaceous cultures (potato, to-
mato, cucumber, pepper, eggplant, zucchini, marrow,
melon, cucurbit)

e Legumes (soybean, bean, pea)

e Fruitcultures (apple, prune, cherry, sweet-cherry,
peachsibnyHsi, cnvMBa, BULLHS, YEPELLHS, MEPCUK)

e Decorative and aromatic cultures (orchid, rose, car-
nation, lavender).

Virus diagnostics may be carried out in plant material,
soil, etc. Knowledge about which virus infections prevail in
Your crops will allow You conducting: i) better and more
reliable planning of land use and crop rotation, ii) optimal
selection of virus-resistant or tolerant plant variety, iii) de-
fine most proper time for culture planting and harvesting.
Moreover, virus diseases are prerequisites for further de-
velopments of fungal and bacterial pathologies, and hence
their timely diagnostics would enable You to utilized plant
protection means more efficiently.

Testing seed material on virus infections

Many virus diseases are efficiently transmitted by plant
seeds. This is of special importance for wheat, rice, rye, bar-
ley, sugar beet, sunflower and legumes. Presence of virus in
the seed pose a serious problem as every plant grown from
this seed stock will be infected. Furthermore, seed control for
the absence of virus pathogens is an acting international
standard of sanitary epidemiological control of plants. Diag-
nostics of seed material in our lab will save You time and
valuable relationships with Your partners.

Obtaining of virus-free planting material

In our lab, we adopted techniques for microclonal
propagation of plants. The technology allows obtaining
virus-free plant material even from virus-infected plants.
Such approach is the only reliable mean to preserve
unique decorative plants including roses, carnations, etc.
The technique enables commercial growing rare or disap-
pearing plant species independently from the season of the
year. Microclonal plant propagation also allows to re-
establish collections of planting material for genetic selec-
tion of agricultures.

Training and professional development in:

e Visual monitoring of crops of agrarian and decora-
tive cultures for virus diseases

e Evaluation of pathogen spread on a given territory




BIOJNIOriA. 62/2012

~ 53

¢ Methods for complex diagnostics of plant virus in-
fections (theoretical and practical training)

e Analysis of plant material for presence of virus
pathogens utilizing serological techniques (enzyme-linked
immunosorbent assay, its modifications)

e Analysis of plant material for presence of virus
pathogens utilizing molecular techniques (polymerase
chain reaction, its modifications)

- Consulting servicesin diagnostics and monitor-
ing of plant virus diseases

- Raising of specific antiserums to common plant
viruses (for Your use inself-dependent serological diag-
nostics of virus disease via enzyme-linked immunosor-
bent assay)

- Design of molecular probes to any plant virus

(for Your use inself-dependent serological diagnostics

of virus disease via polymerase chain reaction).

Working with us, You may rely on our individual approach
to Your needs, timely and accurate accomplishment of the
work, and mutual benefit as reflected by our friendly and long-
lasting relations with major plant growers in Ukraine.
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ASSESSMENT OF THE REACTION OF WHEAT TO THE STREAK MOZAIK VIRUSES
INOCULATION ACCORDING TO MALONDIALDEHYDE CONTENT

U3meHeHUs1 nepeKucHO20 OKuceHus1 nunudoe e pacmeHusix o3umMoli nweHuybl copma "lMamsamsb” oyeHueanu Ha codepixa-
Hue ManoHoeozo duanbldezuda e 1 u 14 deHb Mocse UHUYUPOBaAHUSI 8UPYCOM MosI0camoli Mo3auku nuweHuybl. bbinu o6Hapy-
JKeHbl crneyugpudeckue 4epmbl peakyuu 8 KOPHSIX U IUCMbSIX MPU UHOKY/IUpo8aHUU pacmeHuii eupycom. CoomHouweHue mexoy
codepxaHuUeM MasloHo8020 OuasibOe2uda 8 JIuCMbsIX U KOPHSAX MO2ym 6bimb UCMOJb308aHbl 011 paHHel HenpsiMoli dua2Hoc-

muku uHgekyuu.

Changes in lipid peroxidation in plants of winter wheat variety "Pamyat'" were evaluated for content of malon dialdehyde in 1
and 14 days after infection with the streak mosaic virus. The special features of the reaction in the roots and leaves to the inocu-
lation with the virus were discovered. The relationship between malon dialdehyde content in leaves and roots can be used for

early indirect diagnosis of the infection.

Patosystems with wheat streak mosaic virus (WSMV)
became often the object of successful research involving
both fundamental and applied areas of virology. The applica-
tion of methods assessing the physiological state of plants is
important in a comprehensive approach for determining sen-
sitivity of host plants, the indirect, rapid diagnosis of viral
infection [5]. Malondialdehyde (MDA) that is one of the end
products of lipid peroxidation (LPO) is also one of the uni-
versal criteria for early diagnosis of stress [2—4]. Therefore,
the MDA content is a convenient measure of plant response
to the initial action as abiotic and biotic factors.

The aim of our work is evaluating the physiological
state of plants of wheat according to the contents of MDA
under the conditions of artificial inoculation WSMV.

Materials and methods. The seeds of winter wheat va-
riety "Pamyat™ were treated potassium permanganate solu-
tion. The plants were grown on moistened paper in Petri
dish, covered glass microbiological caps with Knopp solution

added. Two-weeks plants were infected WSMV. The MDA
content was determined based on the reaction of 2-
tiobarbiturova acid [1, 6]separately in the leaves and roots
after 1 day and 14 days after inoculation. The difference
between variants of the experiment is accurate at p<0,05.

Results and discussion.The nature of infection and its
symptoms in model systems is somewhat different from
those observed in agrocenoses under the conditions of
natural infection. This is largely due to the influence of
buffer solution and carbide which are used for artificial in-
oculation of plants. In our experiment plants of winter
wheat variety "Memory" even on the 14th day after the infec-
tion did not show the external signs of disease, although
after artificial inoculation characteristic symptoms are usually
recorded earlier than in the field. However, by changing the
intensity of LPO the signs of stress caused by WSMV could
be found within 18 hours after inoculation (fig. 1).
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Fig.1. Lipid peroxidation (MDA content) in winter wheat plants variety "Pamyat™ as correlation (% to intact control)
between MDA contents on 1 day and 14 days after inoculation by WSMV (p<0,05)
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In the roots of infected plants MDA content was in-
creased by 57%, in the leaves — on the contrary, de-
creased by 18% compared with control (buffer solution,
carborundum). On the 14th day MDA level increased by
44% in the leaves of infected plants relative to experimen-
tal controls and in the roots it was higher only by 10%. In

intact leaves the content of MDA in the beginning and end
of the experiment was 0,430-0,436, in the roots — 0,134-
0,140 mkM / g of crude material. The content of MDA in the
leaves of control (intact) plants was usually three times
higher than in roots (fig. 2).
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Fig.2. Lipid peroxidation (MDA content) in winter wheat plants variety "Pamyat™ as balance MDA content (mkM/g fresh weight)
(leaves/roots) on 1 day and 14 days after inoculation by WSMV (p<0,05)

14 days after infection, MDA in the leaves exceeded its
value in the roots six times. In the control (buffer, car-
borundum) plants one day after exposure to abiotic factors
— four times. After 14 days the leaves/ roots LPO balance
came to normal. A wide range of changes in MDA content
indicates the reaction of wheat plants to a compatible ac-
tion of abiotic and biotic factors in inoculation. The balance
between lipid peroxidation and antioxidant defense may
characterize indirectly the infectious properties of the
pathogen and the tolerance of the sort [2—4].

ConclusionThus, the evaluation MDA content at the
same time in both leaves and roots of infected plants al-
lowed within 1 day after inoculation to detect early re-
sponse of plants to WSMV.

The assessment of leaves/ roots LPO balance allows to
distinguish actual effect from WSMV influence from the
effect of abiotic factors, which are violations caused to
plants by artificial inoculation. The range of the detected

changes may indirectly characterize the sensitivity of plants
to oxide stress caused by infection, displays the features of
virus transport and dynamics of its development in time.
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NOVEL VIRAL PATHOGENS OF VEGETABLE CROPS IN UKRAINE AND BELARUS

Memodamu ummyHoghepMeHmMHO20 aHa/nu3a U 3J1IeKMPOHHOU MUKpockonuu 6binu udeHmuguyuposaHbl 8 eudoe 8upycos
cpedu o8oWHbIX Kyknbmyp e YkpauHe. Tpu eupyca: Cucurbit aphid-borne yellows virus (CABYV), Zucchini yellow mosaic virus
(ZYMV) u Impatiens necrotic spot virus (INSV), 6b11u demekmupoeaHbl Ha YKpauHe enepebie 3a nocrnedHue 10 1em MoHumopu-
Hea. Takxe enepebie 6bl1u demkmupoeaHsbi PMMV and TuMV Ha cnadkom nepuye u momamax. B bBenopyccuu mbi udeHmugpuyu-
posasnu 3 euda eupycoe Ha o2ypyax u 7 eudoe eupycoe Ha momamax.

Serological and electronicmicroscopy data identified 8 viruses infecting vegetable crops in Ukraine. Three viruses: Cucurbit
aphid-borne yellows virus (CABYV), Zucchini yellow mosaic virus (ZYMV) and Impatiens necrotic spot virus (INSV) have been
detected in Ukraine for the first time during the 10-year monitoring. We also detected PMMV and TuMV on sweet pepper and to-
mato for the first time in Ukraine. In Belarus, we have identified 3 virus species on cucumbers and 7 virus species on tomato.

Introduction. Novel data of recent years suggest the
expansion of the areal of harmful viral diseases, spread of
complex and latent infections, and appearance of new virus
forms with altered pathogenicity [1]. Here we analyzed
spread of viruses common for vegetable crops belonging to
Cucurbitaceae and Solanaceae families and grown in an
open ground and greenhouse conditions in Ukraine and
Belarus. Cultivated plants with virus-like symptoms of the
disease were sampled including cucumbers, cucurbits,

zucchini, melons, watermelons, tomatoes, sweet pepper
and egg-plants. Analyzing samples of Cucurbitaceae plants
we noted the symptoms of dark green mosaic, mottling and
vein clearing of leaves, fruit malformation and wartiness.
The Solanaceae plants demonstrated the following symp-
toms: yellowing of leaves, yellow and dark mottling, fruits
discoloration and malformation.

The work has been focused on analyzing the state of
the spread of virus diseases of vegetable crops in

© Tsvygun V., Shamraichuk V., Bysov A., Rudnieva T., Shevchenko T., Polischuk V., Vabishchevich V., Blotskaya Zh., 2012
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Ukraine and Belarus and revealing tentative novel
pathogens of virus nature.

Materials and methods. Plants of cucumbers, toma-
toes, sweet pepper, egg-plants, etc. with pronounced
symptoms of virus etiology were the major objects of this
work. The plants have been sampled from various green-
house farms in Ukraine and Belarus. Open field studies
were mainly focused on cucurbit crops and their viruses.

For ELISA, the plant samples have been homoge-
nized with 0.1M PBS + 0.001MEDTA at 1:2 (m/v) with
following sedimentation at 4,000 rpm for 20 min at
4°Cusing the PC-6 centrifuge (USSR)[2]. The homoge-
nate was further used for ELISA.

The ELISA has been conducted in DAS modification [3]
using the commercial antisera (Loewe (Germany), Prime
Diagnostics (The Netherlands), Agdia (USA)) against 15
viruses known to infect vegetable crops in Europe. Manu-
facturer's instructions were applied.

The samples shown virus-positive in ELISA were then
analyzed via transmission electronic microscopy. Partially
purified virus preparations were applied onto copper grids
coated with 0.2% Formvar (Serva, Germany). Further, the

samples have been contrasted with 2% uranyl acetate
(Serva, Germany) for 2 mins [4]. Virus preparations were
viewed at the instrumental magnification of 20000-60000
on JEOL Jem 1230 microscope (Japan).

Results and discussion. According to the results of
ELISA, eight viruses has been detected in the symptomatic
samples of cucurbit and solanaceous plants grown both in
open field and greenhouse conditions in Ukraine. On plants
from Cucurbitaceae family which were cultivated in the open
field we have detected following pathogens: Zucchini Yellow
MosaicVirus (ZYMV), Cucumber Mosaic Virus (CMV), Wa-
termelon Mosaic Virus 2 (WMV-2), and Cucurbit Aphid-
borne Yellows Virus (CABYV). In the greenhouses the fol-
lowing viruses have been detected: Cucumber Green Mottle
Mosaic Virus (CGMMV) and Impatiens Necrotic Spot Virus
(INSV). In case of plants belonging to Solanaceae family, we
have demonstrated the occurrence of Pepper Mild Mottle
Virus (PMMV) and Turnip Mosaic Virus (TUMV).

In addition, we have conducted the electronic micros-
copy studies of selected samples (Fig.1).

Figure 1. Electronicmicroscopy of PMMV (instrumental magnification 20000)

During the 10-years monitoring of viruses infecting
vegetables in Ukraine, ZYMV and CABYV have been de-
tected on cucurbit plants grown in the field conditions for
the first time. Both pathogens have been identified in the
field in Kyiv, Poltava and Odessa regions — major agricul-
tures areas for cultivating cucurbit cultures. ZYMV have
been regularly found on squash and zucchini plants. Virus
symptoms involved burrs on fruits, dark green stripes along
the leaf veins and yellowing of leaf blades.

CABYYV infection have been mostly typical for cucum-
ber, squash and melon plants with mosaics and yellowing
of leaf blades. Virus infection induced by INSV have been
firstly described on cucumbers in greenhouse farm in Do-
netsk region. Symptoms included dark green mosaics
along the leaves with leaves' discoloration.

PMMV and TuMV have been detected for the first time in
Ukraine on sweet pepper and tomatoes — typical representa-
tives of Solanaceae family. PMMV infected plants in the field
conditions invoking following symptoms: yellow-green leaf
mosaics, local superficial necroses on fruits, and partially
anthicyanic color of fruits. On the contrary to PMMV, TuMV
has been detected in greenhouse conditions only.

We should indicate that identified pathogens were de-
tected on Cucurbitaceae plants both in mono- and in mixed
infections, normally represented by a couple of viruses. For
instance: WMV 2/CABYV, WMV 2/CMV, CMV/CABYYV,
ZYMV/CABYVandWMV 2/ZYMV. According to obtained
outcomes, WMV 2, CABYV and CGMMV are the most
widespread viruses infecting vegetables in explored parts
of Ukraine. The detection of five new (for Ukraine) viruses

(ZYMV, CABYV, INSV, TuMV and PMMV) may be attrib-
uted to the use of imported seed material and the spread of
the insect vectors, but primarily underlines the absence of
valid data on virus spread and necessitates the need for
careful monitoring of viral pathogens.

As a result of the research carried out in 2009-2012 in
Belarus, on the basis of ELISA on tomato plants cultivated
in conditions of protected ground we have identified 7 virus
species: Tobacco mosaic virus (TMV), Cucumber mosaic
virus (CMV), Tomato mosaic virus (ToMV), Tomato as-
permy virus (TAV), Pepino mosaic virus (PepMV), Tobacco
Rattle Virus (TRV) and Tobacco ringspot virus (TRSV) for
the first time in Belarus; on cucumber plant we have regis-
tered 3 virus species: TMV, CMV, and Cucumber green
mottle mosaic virus (CGMMV). Virus-infected tomato plants
demonstrated change of leaves' coloration and leaves'
deformation (thread-like and fern-like). First symptoms on
cucumbers were revealed during seedling period in the
form of vein lightening, and later — slight mosaics. During
plant fruit bearing, the fruits also got mosaic coloring, were
bent and became warty. At the end of a vegetative period
masking of disease symptoms was observed, but symp-
toms of mosaics, mottling and deformation were shown on
apical and young leaves of growing shoots. Cultivation of a
wide spectrum of tomato and cucumber hybrids, infected
by virus diseases in a various degree, can lead to different
strains of virus pathogens selection, more adapted for con-
crete plant genotypes and to loss of their resistance.

Conclusions. Here we inform on the appearance and
wide spread of five novel viruses endangering vegetable
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crops in Ukraine. The detection of five emerging virus dis-
eases — ZYMV, CABYV, INSV, TuMVand PMMV - can be
partially attributed to the activation and spread of their re-
spective insect vectors. From the other side, elevated air
temperatures and humidity, absence of natural counterparts
and other factors favor massive multiplication of the pests in
greenhouse conditions. Vector-assisted transmission is
highly efficient for these viruses and hence major efforts
must be exerted on the controlling of insect vectors via vari-

ous insecticides. Issues underlining the necessity of im-
provement of phytosanitary measures must also be raised.

1. Virus taxonomy. Eight report of the International Committee on Taxon-
omy of Viruses [M. Fauquet, M.A. Mayo, J. Maniloff et al.]. — London: Aca-
demic Press, 2006. — 1259 p. 2. JeanneDijkstra; CeesP. deJagerPracti-
calplantvirology: protocolsandexercises / Berlin; Heidelberg; NewYork:
Springer, — 1998, — 459 p. 3. Hill S.A. Methods in Plant Virology, Alden
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EFFECT OF LOW TEMPERATURE AND EXOGENOUS HYDROGEN PEROXIDE
ON THE REACTION OF WHEAT, INFECTED VIRUS

B daHHoli cmambe 6b110 uccsiedo8aHo e/lUsiHUe 3K302eHHO20 rnepokcuda eod0opoda, HU3KUX MOJI0KUMeEsbHbIX U ompuya-
mesibHbIX MeMnepamyp Ha pacmeHusi o3umol nweHuybl. AMMyHoMoOdynupyrouue eo3delicmeue abuomuyeckux ghakmopoe Ha
pacmeHue-xo3siuHa npu eupycHoU UHgeKkyuu demeKmuposasu Ha OCHO8e OUEHKU NepeKUCHO20 OKucsieHusl unudos, no code-
P)XaHUI MasloHO8020 duanbOezuda, peakyuu pocma u ELISA. O6HapyxeHHble cOOMHoweHUe Moxem 6bImb MoJs1Ie3HO On1s1 Npo-
2HO3upoeaHusi anughumomuu, ebi38aHHble U3MEHeHUeM Mo200HbIX ycnoesull, u Ons pa3pabomku 3Koso2u4ecku 6e3onacHbIX
cucmem 3aujumal Ce/IbCKOX0351UCMEEHHbIX Kynbmyp.

The effect of exogenous hydrogen peroxide, low positive and negative temperature on the plants of winter wheat, inoculated
with the streak mosaic virus, were investigated. Inmune-modulation effect of abiotic factors on plant-host of viral infection was
detected based on the assessment of lipid peroxidation according to malon dialdehyde content, growth responses, ELISA. The
discovered ratio may be useful for predicting epiphytotics caused by weather changing and the development of environmentally

safe protection system in crops.

Wheat streak mosaic virus (WSMV) is one of the most
important for monitoring agrocenoses in Ukraine. The dis-
covered dependence between the symptoms, physiologi-
cal, biochemical reactions and the crop capacity of the in-
fected plants which underwent the differences in air tem-
perature may serve as the indirect diagnostic criterion [6,
7]. Primary non-specific plant response to biotic stress as
well as the stress of not biotic origin is associated with lipid
peroxidation (LPO), which intensity is measured, in particu-
lar, according to the contents of malon dialdehyde (MDA).
In the process of lipid peroxidation the endogenous hydro-
gen peroxide (HP, H203) is produced. It plays an important
indicating role in expressing the stability genes. Exogenous
H2O, is used to study the early responses of plants to
stress and as an immune modulator [2, 4]. The investiga-
tion of relationships of stress reactions of virus infected
plants may become part of ecosystem monitoring.

The aim of our work is to identify the relationship be-
tween primary and secondary reactions of WSMV - in-
fected wheat plants to hypothermia and exogenous hydro-
gen peroxide.

Materials and methods. For this winter wheat "Pamyat™
was grown in controlled conditions. Three days seedlings
were soaked in 100 mm H2O- solution and subjected to high
temperature tempering (TT) 4 degrees C. The duration of
action in both cases was 1 hour. Two-weeks plants were
mechanically inoculated by WSMV, some of them were kept
for 15 min. in a refrigerator at the temperature damage (TD)
— (- 3) degrees C. The MDA content was determined based
on the reaction of 2-tiobarbiturova acid [1, 8] separately in
the leaves and roots. The content of MDA was determined
twice: 1 day after exposure to abiotic factors and at the end
of the experiment (13 days plants), 14 days after infection
(27 days plants). At the same time the growth response and
antigen content of WSMV were estimated by enzyme immu-
noassay analysis (ELISA).

Results and discussion. Analysis of the primary reac-
tions of plants at 1 day after exposure to both abiotic fac-
tors and WSMV showed that the level of MDA in leaves of
wheat decreased compared with controls, after exposure to
the virus and hypothermia that could temper the plants — by
54% (fig. 1).
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Fig.1. Changes of PLO (MDA content, in % to control: WSMV) in the winter wheat plants in dynamic of infection process (p<0.05)

In 10 days after exposure to abiotic factors MDA level
came to normal. Two weeks after infection there was the
increase in MDA level, which corresponded to increased

concentrations of antigens WSMV (correlation coefficient
0.74): under the influence of the only biotic factor or in com-
bination with negative temperature — by 22-84% (fig. 2).

© Yanishevs'ka G., Bisyarina O., Torop V., Molchanets O., 2012
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Fig.2. A directcorrelationbetweenLPO (MDAcontent, mkM/gfreshweight);
and results of ELISAinleaves of 27 days winter wheat plants (optical density E 405/603 nm).
Correlation coefficient r = 0.74, p<0.05

In infected plants, previously treated with peroxide or
hardened with low positive temperatures, the intensity of
lipid peroxidation was not significantly different from con-

trol. An inverse relationship between morphological met-
rics and the results of the ELISA was found (correlation
coefficient -0.89) (fig.3)
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Fig.3. An inverse relationship between morphological metrics in 27 days plants and the results of the ELISA
in 27 days plants roots was found (correlation coefficient r = -0.89), p<0.05

Revealed changes may indicate the development of
immune reactions associated with antioxidant defense sys-
tem of infected plants, pre-hardened with low positive tem-
perature or treated with exogenous hydrogen peroxide. Our
results and conclusions are coordinating with scientific
sources [2-5].

Conclusion. The results can be used in ecosystem
monitoring for predicting the probability of infection due to
weather conditions and to develop safe methods of plant
protection against pathogens of cereals.
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H. Ba6bun, C. foaH, A. LLlep6uHckas, A. Jltonb4yk, C. AHTOHEHKO

ONPEQRENEHMUE YPOBHA NEPEAAYY BUY OT MATEPU K PEBEHKY
HA COBPEMEHHOM 3TANE NMMAEMUAN BUY / CTTIUAA B YKPAUHE

MpoeedeH aHanu3 pacnpocmpaHeHHocmu BUY-ungpekyuu e YkpauHe. OmmevyeH pocm 3abosieeaeMocmu 3a nocriedHue

5 nem,

Yymo 2o0eopum O Mo30HeM obpaweHuu uHguyuposaHHbix. O6cnedoeaHue dJdemel, poxOeHHbIx om BUY-

UHgpuyupoeaHHbIx Mamepell U ebisiesieHa meHOeHyuUsI NoemopeHusi aghgpekmueHocmu APT e mpaHcMucuu eupyca om mamepu

K pebeHKy Komopasi Ha OaHHbIU MOMeHm cocmasnsiem 4,7%.

The analysis of the prevalence of HIV infection in Ukraine are presented. Marked increase in cases over the past five years,
indicating that the later handling infected. A study of babies born from HIV-infected mothers and a trend repeated ART
effectiveness of transmission of the virus from mother to child is currently at 4.7% are presented.

BUY-nHdekumsa, annaemmst KOTOpPoW Havanacb B Hava-
ne 80-x rogos NpoLLSIOro Beka, NPoJormkaeT 3aHuMaTb
Bedyllee MecTo Cpeau npobnem 3apaBOOXPaHEHUS U Co-
LManbHOro passBuTUS MHOTUX cTpaH Mupa. Kak oTmedatoT
cneunanucTbl BcemnpHon opraHusauum 3apaBooXpaHeHnst
(BO3) n ObbegnHeHHon nporpammel no BUY/CMiNOy Op-
raHuaaumm O6beanHeHHsix Hauun (FKOHOMAC) [1], cutya-
unto ¢ BUY-uHdekunen/Crinom B mupe cneagyeT xapak-
Tepu3oBaTb Kak NaHAEMMIOo C KaTacTpouyeckumMn Aemo-
rpacuyeckMm NocneacTBUAMU N5 BCEX CTPaH.

AHanua passutna anngemun BUY-nHdekumn B Yrpau-
He obocHoBan BbIBO4 O TOM, YTO OHa ABMSAETCS O4HON U3
camblX TSXKeMbIX U HEKOHTPONMpYyeMbIX cpeaun ctpaH Boc-
TouHoW EBponbl u LleHTpanbHoi Asun, ocobeHHo B cpas-
HeHUW ¢ cuTyaumen B cTpaHax 3anagHon n LieHTpansbHon
Esponei [2,3].

3a nepuog 1987-2011 rogoB B YkpavHe oduumansHo
3apeructpupoBaHo 202 787 cnyyaes BNY-nHdekummn cpeam
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rpaxgaH YkpauvHbl, B ToM yncne 46 300 yenosek 3abonenu
Cldom n 24 626 ymepwmnx oT 3aboneBaHuii, obycros-
nenHbix CMWOom. HayaBwmWCh eguHUYHbIMK criydasMm 3a-
6onesanun, anugemmns BUY/CIMNOa Habpana macluTabHbIX
pa3MepoB: KOMMYeCTBO OdMLManbHO 3aperncTpupoBaHHbIX
cnyyaeB BUY-nHekummn exerogHo nocTosiHHO yBenu4umBa-
etca. B 2011r. B cTpaHe odumumanbHO 3apernctpupoBaHo
21177 HoBbIX cnyyaeB BUY-uHdekumm (46,2 Ha 100 ThIC.
HacerneHus) — 3TO caMblil BbICOKUIA NoKasaTernb 3a BECb Mepu-
of HabnopeHus 3a BUY-uHdekumeli B YkpanHe ¢ 1987r. [4].

CoBpeMeHHOe COCTOsIHME PasBUTUS SNUOEMUYECKOro
npouecca BUY-nHdpekumm B cTpaHe xapakTepusyeTcs He-
KOTOPbIM 3aMeAfleHneM TeMMOoB PpoCcTa HOBbIX CryyaeB
BWY-nHdpekunm. O6 aTOM CBMAETENLCTBYET CpPaBHEHUE B
npomexyTtke 2001-2011 rogos, a UMEHHO: TeMn npupocTa
HoBbIX cnydaeB BUY-uHdpekumn B 2001 rogy no cpasHe-
Huto ¢ 2000 rogom coctasun — 11%, B 2011 rogy no cpas-
HeHuto ¢ 2010 rogom — 3,6% (pucyHok 1, [5]).

1177

183
0 lml

PucyHok 1. [luHaMmuka ocuLmanbHO 3apermcTpupoBaHHbIX HOBbIX criyyaeB BUY-undekumm cpeam rpaxxpaH YkpavHbl
no ropam 3a nepuopn 1987-2011 rr.

Onuaemns KOHLEHTpUpyeTcsl rmaBHbIM 06pa3oM B ro-
popgax: 77,1% HoBbix crnyyaes BUY-undekumm B 2011 .
ObINIO 3aperucTpupoBaHO cpeaun ropoacKkoro HacerneHust u
22,9% cpean cenbckoro.

B ctpyktype BWY-MHpMLUMpOBaHHbIX npeobnagatoT
nuua B Bo3pacTe 25-49 net, Jons Mx NOCTENEHHO pacTeT
(8 2007 r. — 62,8%; 2011r. — 66,3%). BmecTe c Tem, cpeau
BCEX BMepBble 3aperucTpupoBaHHbIX crnydaes BUY-
VH(EKUUN OTMEYaETCSt HEKOTOPOE CHUXKEHUE 4vncna 3abo-
neesaHun B Bo3pacTHou rpynne 15-24 netr — ¢ 15% B
2007 r. po 9% B 2011 r., 4TO MOXeT ObITb CneacTeMem
BNUSHUSA NPOPUNIAKTUYECKMX NPOrpamMM cpeaun MONoOEXN.
Mo coctosiHmio Ha 01.01.2012 r., Ha gUCNaHCEPHOM y4yeTe
B yuYpexaeHusx 3apaBooxpaHeHust Haxogunocb 120 148
rpaxpaH YkpavHbl (264,3 Ha 100 Tbic. Hac.), N3 Hux 18 751
— ¢ guarHosom CMO (41,2 Ha 100 TbICc. Hac.). YpoBeHb
3abonesaemoctu CIMM[omM HeyknoHHO pacTeT, TeMn npu-

pocta B 2010 r. coctasun 57%, B 2009 r. — 1.8%. B no-
cnegHve rogbl cCpedu BnepBble BbISIBMEHHbIX Cryvyaes
BWY-mHpekumn 44% — ato nuua ¢ npossnenuamn Clia,
cBMAeTeNbCTBYET O no3aHem obpaiieHun 6onbHbiX. AHa-
nn3 3abonesaemoctn ClM[omM ykasbiBaeT Ha 3HauYUTENb-
HbIl POCT 4Ymcna OGOonbHbIX, KOTOPOE, MO COCTOSIHUIO Ha
1.01.12 r., coctaenano 9 189 yenoBek u cpean HMX 5 745
(62,5%) 6onbHbIX Tybepkynesom. lMepen 3gpaBooxpaHe-
Huem BcTana Hoasi npobnema — BUY-accoummpoBaHHbIM
TybepKkynes3om, KOTOPbIM CcTan npu4mMHonM cmepTun Gonee
yeMm 60% ymepwnx ot Clda. OgHOBPEMEHHO C POCTOM
3abonesaemoctn ClW[dom Bo3pocna cmepTHOCTb OT ©o-
nesHen, obycnoeneHHbix CMOom: B 2011 rogy ymepno
3736 6onbHbIX (8,2 Ha 100 Tbic. Hac.), 4to Ha 20,6% 6o-
nblwe, Yem B npeabiaywmn 2010 rog (puc. 2). HaumHas c
2007 r., HabnogaeTca M3MEHEHME OCHOBHOMO MyTU nepe-
gaum BNY c napeHTepanbHOro, KOTopbln JOMUHUPOBAnN Ha
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npoTsbkeHun 1995-2007 rr 3a cyeT noTpebutenen MHbEK-
LIMOHHBbIX HapkoTukoB. B 2008 r. oTmevaeTcsa npeobnaga-
Hue nonosoro nytu: B 2011 r. yvucno nuu, MHpMunpoBaH-

HbIX MOMoBbIM NyTem, Bo3pocno Ao 49%, napeHTepanb-
HbIM, 13-3a BBEOEHWUS UHBEKLUMOHHbLIX HAapKOTUKOB, COCTa-
Buno okono 31% (puc. 3).

—2— Konunyectso cnyyaes CMUA

—0— KonuyecTBo ymepluux ot 6onesHen, oycnosneHHbix CMIUOom
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PucyHok 2. KonuyectBo HOoBbIX cniyyaeB CMUO u ymeplunx ot 6onesHemn, o6ycnosneHHbix CMUOom,
cpeau rpaxaaH YkpauHbl B 1991-2011 rr.
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PucyHok 3.CTpykTypa nytei nepegaum BUY B YkpaunHe,%

PocT retepocekcyanbHOro nytn nepegaqm COMpoOBOX-
Janocb ysenuyeHnem konuyectsa BUY-mHunumpoBaHHbIX
Cpeam XeHLWuH getopoaHoro Bospacta (¢ 44,9% B 2009 r.
0o 45,5% B 2011r.), 4YTO NOBMNEKIO NOCTENEHHOE YBENMYE-
HWEe KonuyecTBa [feTen, poXaeHHbIXx BWY-nHdbuumpo-
BaHHbIMW MaTepsmu. Puck nepegaun BUY oT matepu k
pebeHKy npu OTCYTCTBUU KaKMX-NMOO MNpOhMnakTUYeCKUX
MeponpuaTM Bo Bpemst 6epemMeHHOCTU 1 podos konebre-
Tca B npegenax 20-45%, T.e. kaxapi 2-3 pebeHok poxaa-
ncs ¢ BpoxaeHHon BAY-uHpekumen [6].

C 2000 r. npu cogewnctBun n nomowm HKOHUCE® B
CTpaHe Havanacb nporpamMma npegynpexneHus nepenadv
BWY ot maTepu k pebeHky, fana nepBble NONOXUTENbHbIE
pesynbTaThl yXKe yepe3 2 roga, Korga yactora nepegavu
BWY ymeHbwmnace ¢ 27,5% po 15%. MNporpamma ocHoBa-
Ha Ha BHEOPEHWUM aHTUPETPOBMPYCHON MPOUNAKTUKA MO
KOpPOTKOM (Tanckomn) cxeme ¢ 36 Hegenu GepemeHHocTu. B
nocnegywowme rogbl oHa 6bina 3ameHeHa Gonee adhdpek-
TUBHOMN CXEMOW NPOUNAKTUKN.

B cBaAsM ¢ ocobeHHocTAMM guarHoctuku BUY-
WHpekunn y aeten, poxgeHHbIx BNY-uHprumMpoBaHHbIMU

XEeHLWMHaM1, BCce AETU Mocne poXAeHUs HaxoasaTcst nog
OncrnaHcepHblM HabnaeHVemM OO MOMEHTa OKOHYaTenb-
Horo yctaHoBneHust BUY-ctatyca (18 mecsaueB v ctaplue).
HecMoTps Ha To, YTO BCe HOBOPOXAEHHbIE CHayana ume-
10T MOMOXMWTENbHLIA pesynbTaT Ha aHTuTena k BUY 3a
CYET MaTEPUHCKUX aHTUTeN, GOMbLUMHCTBO M3 HUX SBMSIHO-
Tca BUY-oTpruatenbHbiMK, YTO NOATBEPXKAAETCS KOHTPO-
NbHBIMW UccnegoBaHusMy B Bo3pacTe 18 mecsues. [eTu,
poxaeHHble BUY-MHOUUMPOBAHHBIMW XEHLWMUHaMK, Y KO-
Topbix BUY-cTaTyCc He nogTBepauncs B Bo3pacTte 18 me-
CALUEB M cTaplle, CHUMAlTCH C AUCTNaHCEPHOro y4YeTa.

M xoTa B cTpaHe n HabniogaeTcs nporpecc B npogu-
naktuke nepegayn BUY ot maTtepu k pebeHky, obLiee ko-
Nn4ecTBO eTen C NoaTBepxaeHHbIM BWY-no3antnBHbIM
cratycoMm npogomkaet pactu. Ha 01.01.2012 r. noa Ha-
GnrogeHnem Haxopatcst 2 722 pebeHka, y KOTopbIX Auar-
Ho3 BUY-uHdekuun noareepxaeH, B Tom yucne 752 pe-
6eHka 6onbHbl CMOom, n 6 735 geten B ctagum noaTee-
pxaeHus guarHosa BUY-uHdekummn. Yactota nepepaun
BWY npu pacuyete 4yepes 18 Mec. Xu3HM, TO €CTb 3a
2009 rog, coctaBnsieT 4,7% (puc. 4).



~ 60 ~

B 1 C H MU K Kuiscbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleByeHka

301 27,8
254
204
15+

10,6 10,1
10

MpoueHTbI

8,2
2 77
7.0
62 63 47

2001 2002 2003 2004 2005 2006 2007 2008 2009

PucyHok 4. luHamuka nokasartensyactotbl nepeaaym BUY ot matepum k pebeHky B YkpauHe,%

Mo oTaenbHbIM pervoHam YkpauHbl nokasatenu nepegayn BUY konebntotca ot 0% B XXutomupckoin oo 16,7% B Xve-

NbHULKONM obnacTu, kak 3TO NoKasaHo Ha PUCYHKe 5.

PucyHok 5.Y4actota nepegaun BUY ot matepu k pe6eHKy B 2009 rogy no permoHam YkpauHbl, %

B unccneposaHMAx nocrnegHMx neT yCTaHOBMEHO, YTO
BBEJEHUe psga Hay4yHO-0OOCHOBaHHbIX Mep NpoduniakTu-
Kn (cneumndmyeckas XumuonpodgunakTnka APB-
npenapartamu, BbiGOp ONTUMAanbHON TaKTUKM pogoB, OTKa3
OT TrPYyAHOrO BCKapMIIMBaHWs) MO3BOSMSET CYLLECTBEHHO
CHU3WUTb PUCK BEPTMKANbHOW TPAHCMWUCCUMN [0 YPOBHA Me-
Hee 2%, vunu gaxe MOMHOCTBLIO NPefoTBpaTUTbL UHMULUK-
posaHve aeteit. B 2012 r. KOH3MOC o6paTuncs k Mupo-
BoMy coobuiectsy ¢ npusbiBom "HOJIb HOBbIX cnydvaes
nHduumposarma BWY, HOJIb cnyyaes cmepten ot ClrU-
Oa, HOMNb cnyyaeB guckpymmnHaumun®, 4To TpebyeT HOBbIX
ycunuin No NnpoTueoaencTemio anmaemmn BUY-nHdpekummn n
B 4YaCTHOCTM yMmeHblueHun ao HYJA vactoTbl nepepayu
BWY ot maTepu k pebeHky [7].

[nsa oueHkn cywlecTByiowlen B YkpanHe cUCTeMbl Mpo-
(uUNakTukM BepTUkanbHon TpaHcMmuccun BUY Hamuy Bbino
npoBeAeHO cneumansHoe nccregosaHne no onpeaeneHuto
nokasarens yactoTtbl nepegaun BUY ot matepu k pebeHky
BO Bpems 6epeMeHHOCTY 1 POAoB.

Ons uccnegoBaHus ncnonb3oBanucb obpasubl Lenb-
HOM KpOBW AeTen, poxaeHHbIXx BUY-nHbMumMpoBaHHbIMK
matepsmu. OBGpasupbl KpOBM MccregoBanucb Ha Hanuuve

nposupycHon OHK BWY-1 metogom MNLUP ¢ ncnonb3osa-
Hnem Tect-cuctem "AmnnmCernc ® OHK-BUY-FRT" (Amn-
nnCeHc, Poccust). Bo3spacT geTeit, BKITIOYEHHbIX B MUCChe-
noBaHue, He npesbiwan 18 mecsues. MNoka3aTens ypoBHS
BEpTMKanbHOM TpaHcMuccun BUY ot matepu k pebeHky
yCTaHaBnuBanu nyTem OnpeferneHvs npoueHTa AeTen, B
o6pasuax KpoBM KOTOPLIX OKa3blBanacb nposupycHas OHK
BWY-1, uyto cBugeTensctBoBano 06 ux UHPUUMPOBaHUUN OT
maTepw BO BpeMs 6epeMeHHOCTU Ui poaoB.

Bbinu o6cnegoBaHbl 06pa3upbl kposu 1600 aeten, pox-
OeHHbIX BUY-nHMUMpOBaHHBIMKM MaTepsmMu, U3 HUx 760
neten obenegoaHbl ABaxabl. Cpeau obLero konuyecTea
neten 1330 yenosek (83,13 + 1,03%) nony4nnu NonHbINA
Kypc cneumndu4eckon XMmMmnonpomunakTukm BepTukanbHoOm
TpaHcmuceun BUY (BHYTpMyTpOGHOM, B MHTpa- U HeOHa-
TansHoMm nepuogax), 139 geten (8,69 + 0,77%) nonyuunu
HenorHbIM  Kypc Cneunduyeckon XumMmnonpogunakTukin
APB-npenapatamu (TOMbKO WMHTpPa- M HeoHaTanbHOM ne-
punopax), 22 pebenka (1,38 + 0,32%) BoobLle He nonyyanu
cneumnduryeckon NpounakTmKku.

MposupycHas OHK BUY-1 6bina obHapyxeHa B obpasuax
kpoBu 49 peteir, uto coctaensieT 3,06 + 0,47% ot obuiero
konuyectBa obcrnefoBaHHbIX uu. Cpeau geTten, nonyquBs-
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LUMX NOMHbIN Kypc cneumnduryeckon NpocunakTuki BepTuKka-
NbHOW TPaHCMMWCCUW, NMONOXUTENbHbIE pesynbTaTbl UCCNeao-
BaHusi Ha Hanvune [JHK BAY-1 B kpoBu Gbinm yCTaHOBMNEHBI Y
17 yenosek (1,28 + 0,95%). B rpynne geten, kotopble nony-
YU HEMOMHBIN KypC Cneumdpuyeckon npodnnakTmkm aToT
nokasartenb coctaensn 14,38 + 4,45%, a B rpynne geven,
KOTOpble BOOOLLE He nomyyYanu crneumduyeckon npodunak-
TUKW, NokasaTenb YacTtoTbl nepegaym BUY ot matepm k pe-
6eHKy 6bin BbicokUM 1 cocTasnsn 36,36 + 10,25%.

BbiBopbl. poBeaeHHbIe HaMK UCCNefoBaHUS CBUae-
TENbCTBYOT O TOM, YTO HU3KWN YPOBEHb WHULMPOBaHUA
BUY peten, monyuvMBlIMX MOSIHBLIR Kypc cheumnduyeckon
npodunnakT1kn, NOATBEPXKAaeT BbICOKYD 3(MHEKTUBHOCTb
BBEAEHHbIX B YKpauHe npodurakTU4eckmx MeponpusTumn
no npeaynpexaeHnio BepTukansHon TpaHcmmccmn BUY ot
maTtepu k pebeHky. B To e Bpemsi, CTOUT OTMETUTb, YTO
COrnacHo Mosly4eHHbIX HaMW OaHHbIX, OETW, KOTOpble He

nonyyanu cneundunyeckyto nNpodunakTuky BepTUKanbHON
TpaHcmuccum BUY vnu nonyumnum HenonHbl Kypc npodu-
NaKTUKWN, COCTaBNSAOT OCHOBHYIO rpynny pucka nHuumpo-
BaHus BY oT maTepu Bo BpeMsi 6GepeMeHHOCTU 1 pOLoB.

1. Passutne anugemun ClMNOa. Oekabpb 2009 r.95 ctp. 2.0HuweHko I
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2012 pik.// Kui, 2012. — 240 crtop. 6. European Collaborative Study. Mother-
to-child transmission of HIV infection in the era of highly active antiretroviral
therapy. //Clin. Infect. Dis. — 2005. — Vol.50. — P.458-465. 7. United to the tnd
AIDS: achieving the targets the 2011 Political Declaration. United Natiob.
General Assembly. A/66/757. 2 April 2012.
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10. KanawsiH, A. YepHeu, B. Ilykuua, J1. MpoaaHiok, H. KanawsH, B. Nonuwyk, U. ByasaHuBckas

BUPYC AMYATOCTU APEBECUHbLI ABJIOHU B MOJIAOBE

B konnekyuoHHom cady s1610HuU MHcmumyma cadoesodcmea, esuHo2padapcmea u nuujesbix mexHonoaul e KuweHese (Pec-
ny6nuka Mondoea) omobpaH u3osissm eupyca siMm4yamocmu OpeeecuHbl U ycrnewHo rnepeHeceH Ha pacmeHusi uHOukamopa Nico-
tianaoccidentalis 37B. [fpuzomoesieHa NONUKIOHaNbHasi aHmMucblieopomka 07151 udeHmugbukayuu supyca e pas3iudHbIX MKaHsIX
nopaxeHHbIx 0epeebee UMMYyHoJI02u4Yeckumu memodamu ELISA u ISEM. U3yyeHa pacnpocmpaHeHHOCMb 3mMo20 eupyca € Ha-
caxdeHusix 16noHu Pecny6nuku. Memodom OT-IIL{P omo6paHbi uzonsamsi 0nsi nocnedyrouje2o nposedeHusi cukeeHca u ¢herso-

2eHemu4ecKo20 aHasnuasa.

In apples’ collection garden of Instetute of Horticulture, Viticulture and food technologies in Kishinev (Republic of Moldova)
Apple Stem Pitting Virus were isolated and successfully transmitted on the indicator-plants Nicotiana occidentalis 37B. The poly-
clonal antiserum was obtained for identification of the virus in different tissues of affected trees by serological methods ELISA
and ISEM. The spread of the virus among apple’s plantations of Republic were observed. According to the RT-PCR data virus
isolates for further sequence and phylogenetic analysis were selected.

AmyatocTb ApeBecuHbl 6moHn (ASPV) BrnepBble onu-
caHa B 1954 rogy B CLLUA (8), a BupycHas npvpoaa [oka-
3aHa B 1956 rogy nocrne nepegaym Bo3byautens npuBuBe-
KOM Ha 300pOBble pacTeHUs APEBECHbIX UHAMKATOpPOB (5).
B HacToswwee Bpemsa 3aboneBaHvne BCTpeyaeTcs BO BCEX
cTpaHax, rge KynbTuBupyloT f6noHo. [lo HegasHero Bpe-
mMeHun atnonorusi ASPV He 6bina usydyeHa. K BUpYCHbIM
3aboneBaHNsM ero OTHOCUITM Ha OCHOBAHWW Bbi3bIBAEMbIX
UM CUMMNTOMOB U AMAarHOCTUKY NPOBOAMIN B NONEBbIX OMbl-
Tax Ha ApeBecHbIX mHaukatopax. B 1986 rogy Bo3Gyau-
Tenb ASPV 6bin ycnewHo nepeHeceH Ha pacTeHus NHAn-
katopa Nicotianaoccidentalis 37B (9). B 1990 roay sinoHc-
KM nccnegoBaTensam yaanocb NoBToputb nepeHoc ASPV
C [epeBbeEB SAGMOHM C CUMMTOMaMMK siM4YaTOCTM Ha Tabak
N. occidentalis 37B, npuroToBUTbL aHTUCBOPOTKY K HEMY U
Ha OCHOBaHUW pe3ynbTaToB MOCneayLnX NccnenoBaHni
nokasatb, 4yto BAOA sBnsetcsa HoBbIM BMAOM BUpyca C
yaInMHEHHon mopdornorunent Yactumy (6).

CornacHo nocnegHen knaccudpukaumm, ASPV oTHeceH
K pogy Foveavirus cemenctaa Flexiviridae.

B Monpgoee ASPV BnepBble OOHapyXeH U OnucaH B
1969 roay (2). YctaHoBneHo, 4To Nocne Bupyca XfopoTu-
Yeckow MNSATHUCTOCTU NUcTbeB a6noHun ASPV Hanbonee
4YacTo BCTPeYaeMbli Ha CeMeYKoBbIX KynbTypax (1).

B 1994 rogy B WHcTUTYTEe nnogoBoacTBa B KnwnHese
Obin BblgeneH usonat ASPV n3 a6noHu, nepeHeceH Ha
nHamkatop N.occidentalis 37B 1 npurotoBneHa aHTUCLIBO-
potka ¢ Tutpom 1/2000. OgHako NPUroTOBMEHHbIE Ha ee
OCHOBE [OMarHOCTMKYMbl BbISIBMISANM UCCreQyembld BUPYC
MEeTOA0M MMMYHO(EPMEHTHOIO aHanm3a TONbKO B TKaHAX

nenecTKoB, OrpaHNYMBasi CpOKM TECTUPOBaHUSI pacTUTENb-
HbIX 00pa3LoB.

Mcxops v3 ckasaHHOro Ham npeacTosno:

e PUrOTOBUTb aHTUCbIBOPOTKY Ans ELISA guarHoc-
TWKM Uccreayemoro Bupyca B TeYEHME roaa;

e 13y4nTb pacnpocTpaHeHHocTb ASPV B HacaxaeHu-
six 16noHn Mongosel;

e METOAOM MONMMEPAa3HOW LENHOM peakuun oTob-
patb n3onsatsl ASPV gna nocnegyrowlero CMKBEHMPOBAHMS
n unoreHeTMYECKoro aHanusa.

[ns nonyyeHus AuMarHOCTUYECKOW aHTUCLIBOPTKM K BA-
[A Hamm 6bINU NpoTecTupoBaHbl copToobpasubl A6NoHM 13
KONMNEKUMOHHOTO caja WHCTWTyTa CafoBOACTBa Ha 3apa-
)KEHHOCTb MccregyeMbiM BMPYCOM. TecTupoBaHWe MpoBO-
OV METOAOM MMMYHOCOPOEHTHOWM 3MEeKTPOHHOW MUKPOC-
konun (ISEM) aHTucbiBOpOTKOM NM06E3HO NpefocTaBreHHON
[OKTOpOM AHace (AnoHus) B NepuoA LBETEHUS C UCNOMb30-
BaHVEeM TkaHel nenectkoB. OT6op n3onaTa npoBoaurics no
pe3ynbTaTamM KONMM4YecTBa BhISIBNSIEMbIX BUPYCHbIX YacTuL, B
CKaHupyeMbix npenapartax. Mo aTum napameTpam 6bino
oTobpaHo 5 obpasuoB 1-9-63, 1-15-33, 1-17-13, 1-17-63 n
3-32-11. Tony4yeHHble pe3ynbTaTbl ObIM NOATBEPXOEHDI
MOBTOPHbIM TECTUPOBaHUEM 3TUX Xe COopTooOpasLoB C
UCMONb30BaHNEM, KPOME NENeCTKOB, 3KCTpaKTa KOpbl MOIO-
Oblx NoGeroB 1 oTpacTalLmx NMCTbEB. s MeXaHU4YeCKoro
nepeHoca BAOA Ha mHamkatop N.occidentalis 37B 6binu
UCMOSb30BaHbl TKaHW renecTkoB. PacTeHns wHoukatopa
3apaxanu B ctagum 3-4 HacTosALWMX NUCTBEB MpY Temnepa-
Type 22-25°C. QkcTparmpyowmne CMecu roToBMIM Ha OCHO-
Be 3-x bydbepHbix cmecen (Tabnvua 1). Mepen 3apaxeHnem
NNCTbA MHAMKaTOpa onyapueany kapbopyHOoMm.

Ta6nuya 1. BnusaHue 6ydepHbIX pacTBopoB Ha nepeHoc BAOSA Ha uHaukaTop N/occidentyalis 37B

Ne

nin HanmeHoBaHue 6ydepHbIX cMecen

Uccnegyembie M3onAaThbl

1-9-63 | 1-15-33 [1-17-13 |1-17-63 |3-32-11

1 0,05M pH 7,5 HEPES

2 0,02M pH 7,8 Tris-HCI

0,1% thioglicerol

0,05 M pH 7,8 K/Na phospat buffer +0,1% sodium sulfat, +0,1% sodium sulfit, +
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M3 T1abnuubl BMOHO, YTO MONOXMUTEMbHbLIA pe3ynbTaT
ObIn nonyyeH Tonbko B BapuaHte Ne 3 ¢ ncnonb3oBaHnem
B KQ4ecTBe UCTOYHMKA MHMeKUuun nenectkn obpasua 3-32-
11. Ha 27-29 peHb nocre 3apaxeHust Ha oTpacTaroLmx
JINCTbAX HEKOTOPbIX PaCTEHUI, MOSBUIINCL CUMMNTOMbI B

BMAE NpocBeTneHus xwunok 2 n 3 nopsaka (Puc.1), Pe-
3ynbTaTbl X€ MePEeHOCOB C UCMONMb30BaHNEM WHOKYIIOMOB
ocTanbHbIX 06pa3LoB Oka3anucb oTpuuaTenbHbIMK, B TOM
yncne nsonata 3-32-11 B BapuaHtax 1 un 2.

Puc 1. NMpocBeTneHune xunok Ha niaukatope N.occidentalis 37B BbisbiBaemoe ASPV

JIcTba ¢ cumMNTOMamMu NPOCBETIEHNUS XKUIOK Obinu uc-
nonb30BaHbl ANS NOCneayrLLero naccaxa ¢ Lenbi pasm-
HOXeHWUs BMpyca B TkaHsAX umHAukaTtopa. lNaccax Bupyca
nposoaunu ¢ nomoubio doccaTtHoro Gydepa 6e3 poba-
BOK, @ MH(PMUMPOBaHHbIE pacTeHUs MHAMKATOpPa Bblpaliu-
Banu B YCIOBUSIX KOPOTKOrO AHS C LieNbi0 MakcuMarbHOro
HaKOMMeHWs BMpyca B 3apaXeHHbIX TkaHsx. Ha 12-14 geHb
nocrne 3apaxXeHWsi Ha OTpacTaloLWMX MOMOAbIX NUCTbAX
NOSIBMANINCE OMUCAHHbIE BbILLE CUMMTOMbI, KOTOpbIE U UC-
nonb3oBanu ans ounctkn BAOA. CeexecopBaHHble nuc-
Tbsl C cMMATOMaMu romoreHunsmposanu B B 0,02M pH 7,0
Na docatHom Bydepe ¢ nobaeneHnem 0,1% Tuornuue-
pona B cooTHoweHun 1:4 1 npouexusBanun yepes 4 cnos
Mapnu. [onyyYeHHbINn aKCTpaKT ueHTpudyrnposanu 10 MyH
npu 5 000g. B Hagocago4Hyto xuakocTb (HXK) gobasnsanu
rmapaTtvpoBaHHbIA  chocdat KanbLus Npu OCTOPOXXHOM

nepemewwBaHun B TedeHne 30 MUH. 3atem CycneHsuto
ueHTpudyrnposanu 10 muH npu 5 000g. HXX uweHTpudyru-
posanu Hag 5 mn 20% caxapo3sbl B TedeHne 90 MUH npu
120 000g B potope Ti 45 BECKMAN. Ocapok cycneHau-
posanu B 0,01M pH 8,0 dochaTtHom Oycbepe copepka-
wem 0,5% TritonX-100 n ueHTpudyrmposanu 10 MuH npu
5 000g. HX Hacnamsanu Ha 30% caxapo3Hyto NOAYLUKY U
ueHTpudyrmposanu 90 muH npu 100 000 g B TOM ke poTo-
pe. MNonyyeHHbI ocagok cycneHavposanu B 0,01M Gopat-
Hom-HCI 6ydepe copepxawem 0,5% MoYeBUMHbI B Teye-
HMe Houn. 3aTeM CyCrneH3mnio LeHTpudyrposany B rpagu-
eHTe NNoTHOCTK caxaposbl (10-40) 180 muH npm 80 000 g B
potope SW 28 BECKMAN. BupycHyto 30Hy AnanusoBanu
npotne doccaTtHoro Bydpepa B TeyeHne Houn. YucToty
npenaparta MpoBepPsnn C MOMOLBID crnekTpodoTomMeTpa
"SPECOL 1500" (Puc. 2).

Wavelength BEcan Test Report
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Puc 2. CnekTporpamma ouuileHHoro npenapata ASPV
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[ns nony4eHnss aHTUCLIBOPOTKM Obln NpoBeAeH KOPOT-
KA LUK UMMYHU3AUMIA KPOSTMKOB — MOLKOXHO C MOSHbIM
agbioBaHTOM ®PpenHaa, BHYTPUMBILLEYHO C  HEMOJSHbIM
agbloBaHTOM ®PperiHaa u BHYTPUMBEHHO. AKTUBHOCTb aHTU-
Ten B KPOBU NOAOMbITHLIX KPONMKOB ONpeAensnn MeTogom
ISEM. Ha 22 peHb nocne nepeBor UMMYyHM3aUUX TUTP aH-
TUcbIBOpPOTKN cocTtasnan 1:2000. Yepes 4 Hegenu aktue-
HOCTb aHTUCbLIBOPOTKM cTana nagatb. [locne gByx peunm-
MYHU3aUWUA aKTUBHOCTb aHTUTEN Oblnia BOCCTaHOBIEHA U
coxpaHsanacbk Ao 127 gHsa nocne nepson UMMYyHU3aLUn.

OwnarHoctuyeckmne Habopbl anst ELISA rotoBunu mus chbi-
BOPOTOK, MonyyeHHbix Ha 90 n Gonee gHen nocre nepsou
ummMmyHusaummn. Ppakumo nmmyHornobynuHa IgG Beligensanm
MeToaoM adpMHHOM XpomaTtorpadun C UCNONb30BaHMEM
npotenHa A-sepharosaCL 4B cupmbl "SERVA" (3). KoHbto-
rat rotoBUnM No ONMCaHHOMY B nuTepatype metody (4) c
MCMONb30BaHNEM B KayecTBe Mapkepa LienoyHyto docda-
Tady. B pesynbtate npoBedeHHbIX uccnegoBaHun 6bino
YCTaHOBIIEHO, YTO AN HAAEeXHoro BbisBrneHns BAOA Heob-
XOAMMO MUKpONnaTbl CEeHCMBUnuampoBaTb WMMYHOrNoOy-
NIMHOM B KOHLUeHTpaumun 0,75 mkg/ml. OnTumansHoe pasBe-
JeHne KoHbtoraTa gormkHo coctaensaTtb 1:1000 — 1:1500.

B 2011 rogy Hamu 6binn NpoBeAeHbl UccrneaoBaHus no
n3y4yeHuto pacnpoctpaHeHHocTn BAOA B HacaxgeHusix
a6noHn B Mongose. O6was nnowanb o6crnenoBaHHbIX
copToB cocTaBuna 75 ra. B npouecce obcnepoBaHuin paH-
AOMU3NpoBaHO oTOupanu Npobbl Ans nabopaTopHOro mcc-

neposaHusi. TecTupoBaHue npoBoaunu Metogom ISEM ¢
MCMNONb30BaHNEM AHTMCBIBOPOTKM Hallero npousBoACTBa.
Bcero 6bino tectnposaHo 805 obpasuos, u3 kotopbix 122
Obinn 3apaxeHbl BAOA, yto coctaensiet 14,1%. YcTaHoB-
neHo Takke, Yto BAOA B nopaxeHHbIX obpasuax BCTpe-
YaeTcsl BMECTe C BYMS APYrMMU NaTEHTHLIMU BUpycamMu —
Xnopotuyeckor nATHUctoctn nuctbeB (CLSV) n 6oposa-
YyatocTu apesecuHbl (ASGV). Bece Tpu Bupyca B npupoae
He MMEeIOT NepPeHOCUNKOB M PacnpOCTPaHSATCS TOSNbKO Npuy
MX BeretTaTMBHOM pas3mMHOxeHun. Kak nokasanu pesynbTa-
Thbl, UICCNEOYEMbIV BUMPYC, KaK U 2 oCcTarnbHbIX BUPYCa, Han-
bonee 4yacTo BbIIBNSANUCL B AepeBbax Bo3pactom 20 u
bonee neT, Yem B MOMOAbIX HaCaXOEHUSX, YTO MOXET
ObITb CBsi3aHO C OOLlel TeHAeHUMEN 3aknagku cafoB
03[0pOBIIEHHBIM NOCAAOYHBIM MaTEPUATIOM.

MpoBeneHbl UccneaoBaHUs No U3yYEHUO BbiAENEHHbIX
B npouecce obcnegoBaHusa nsonstos ASPV metogom no-
numepasHou uenHom peakumu (MUP).

TotanbHyto PHK BblaensinM ¢ nomoLubio cneymnansHoro
Habopa dwupmbl "Quagen”. [Ina npoBedeHns peakuun muc-
nonb3oBanu KoMMep4yeckuin ceT cupmbl "InvitrogenSup-
perStrip" ¢ napowv npanmepos, nogobpaHHbix Menzel (7).
Mony4eHHble B pesynbTate MNLP dparmeHTbl 66N dpak-
LMOHUPOBaHbI METOAOM arnekTpodopesa B 2% arapo3HoMm
rene. PesynbTaTbl anekTpodopesa Bu3yanusuposanu u
peructpuposanu B ynbtpacuonete (Puc. 3).

Puc.3. Anekrpodoperpamma npoaykroB OT-TNLP: M-mapkep MonekynspHbix macc 100 6/n; 1, 2-o6pa3ua ASPV

BoigeneHHole B pesynbtate PT-MLUP cdparmeHTsl Oy-
OYyT NCNONb30BaHbl B AanbHEWLWNX UCCNeaoBaHUsAX C Le-
Nbl0 CUKBUHMPOBAHUSA U MPOBEAEHUSA (PUIOreHETUYECKOro
aHanusa pogctea musonatos ASPV.

1. Buson, T.®. JlaTeHTHble BUpPYChbl S6MOHU 1 UX U3yyeHrne B Mongasc-
kot CCP. BupycHble 60one3Hun nnogoBo-arofHbIX KynbTyp v BUHOrpaga B
Mongasuu. Beinyck 1. KuwuHes, c. 32-65. 1973. 2. Bepgepesckas, T. [.,
Pyab, .A. BupycHble 3aboneBaHus nNnodoBbIX KynbTyp W BUHOrpaga u
nyTu pelleHus npobnembl co3gaHusi cBOGOAHbIX OT BUPYCOB Hacaxae-
Hui. Hoknagbl cemuHapa ®AO ctpaH Cpegu3eMHOMOpbs MO 3awute
NnoAoBbIX U BUHOrpaga ot BpeauTenen n bonesHen. — M., c. 11-18. 1969.
3. Clark M.F., Adams A.N. Characteristics of the microplate method of
enzyme-linked immunosorbent assay for the detection of plant viruses.
J. Gen. Virol. Vol.34, No.3, p.475-483. 1977. 4. Clark M.F., Bar-Joseph M.

Enzyme immunosorbent assay in plant virology. In: Methods in Virology
(Eds. K.Maramorosch, A.Kaprowski), N.Y.:Academic Press. p 51-85.
1984. 5. Guengerich, H.W., and Millikan, D.F. Transmission of the stem
pitting factor in apple. Plant Dis. Rep. 40:934-938. 1956. 6. Koganezawa, H.,
and Yanase, H. A New Type of Elongated Virus Isolated from Apple Trees
Containing the Stem Pitting Agent. Plant Dis. 74:610-614. 1990.
7. Menzel, W., Jelkmann, W., Mais, E. Detection of four apple viruses by
multiplex RT-PCR assays with coamplification of plant m RNA as internal
control. Journal of Virological Methods 99:81-92. 2002. 8. Smith, W.W.
Occurrence of "stem pitting" and necrosis in some body stocks of apple
trees. Proc. Am. Soc. Hortic. Sci. 63:101-113. 1954. 9. van der Meer, F.A.
Observations on the etiology of some virus diseases of apple and pear
/I Acta Hortic. 193;73-74.1986.
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M. MenbHu4yK, a-p 6uon. Hayk, un.-kopp. HAAH YkpauHsbl, A. lluxaHoB, kaHA. 6MOn. HayK,
W. M'puroptok A-p 6uon. Hayk, un.-kopp. HAH YkpauHbl, AHTUNOB U., KaHA. c.-X. HayK, B. OBepYeHKO KaHA. c.-X. HayK,

B. Wynbra, acn., A. KntoBageHko, KaHA. €.-X. HayK

BNMUAHUE BUPYCHOU UH®EKLIMM HA LIUTO-FrMCTONOrMYECKOE
N ®YHKUMUOHANBHOE COCTOAHME XMENA (HUMULUS LUPULUSL.)

B YkpauHe Ha nnaHmauyusix xmensi XXumomupckol obnacmu memodom OT-IIP esbisieneHbi: Hop latent virus, Cucumber
mosaic virus u Apple mosaic virus; ycmaHoesieHo, Ymo Ha Ha4yaslbHbIX CMadusix eupycHoU UHGeKyuU 8 IUCMbSAX XMeJlsi u3Me-
Hsiemcs1 HanpaeJsieHue nepeHoca u pacnpedeneHue ¢heHosIbHbIX 8ewecme, a ux obwul nyn yeenuqdueaemcsi 8 8-9 pas; 8 uHgu-
YupoeaHHbIX supycamu JIUCMbSIX XMeJIsi 8bisI8JIEHO MoebluieHUe UHMeHcueHocmu asmodgbriyopecyeHyuu memabosumos 8 20-
ny6om (460-500 HM) u xenmo-3eneHoM (546-575 HM) cnekmpax; OaHHbIU 3ghghekm Moxxem 6bImb MPUMEHeH & 3Kcrpecc-

duazHocmuke pacmeHuﬁ Ha eupycoHocumesibcmeo.

Using RT-PCR there are detected: Hop latent virus, Cucumber mosaic virus and Apple mosaic virus on the hop plantations of
Zhitomir region in Ukraine; the direction of transfer and distribution of phenolic substances are changed on the initial stages of
viral infection and their general pool is raised in 8-9 times; in hop leaves, affected with virus, the increasing of autofluorescence
intensity of metabolic products in blue (460-500 nm) and yellow-green (546-575 nm) spectrums is determined; it can be used as

an express method of plant viral diseases.

BeeaeHue. BupycHble 6onesHn xmens 06bIKHOBEHHOTO
(Humulus lupulus L.) cylleCTBEHHO CHWXAKOT CUHTE3 O- U
B-KMCROT, apoMaTMYeCcKUX W TOPbKUX BeELLEeCTB, KOTOpble
ABNSAOTCA OCHOBHbIMU KOMMEPYECKMMU NPOAYKTaMMN KyIb-
Typbl [6]. JocToBepHO u3BecTHO 20 BUPYCOB, NOpaXaroLLmX
pacteHus xmens obbikHoBeHHoro [2]. Hanbonee BpegoHo-
CHbIMM CpPeAu HUX SABMASIOTCA BUPYCbl MO3avky Xmens
(BMX), nateHTHbIn (JIBX) M amepukaHCKUI NaTEHTHbIN
(AJIBX) BupycCbl XMensi, a Takke BUPYC MO3auku sI61I0HU
(BM#A) [2,5]. Mpn cucteMHOM nopaxeHHUn pacteHnin BMX
codepxXaHve a- U B-KUCMOT B LUMLLKaX XMens yMeHbLuaeT-
csl Mo4TM B YeTblpe pasa [5]. MNpn 3apaxeHun BupycHas
WHAeKUMsi 4OCTaTOYHO GbICTPO pacnpocTpaHsieTcs no pa-
CTUTENbLHOMY OpraHu3My, npvobpeTas CUCTEMHbIN Xapak-
Tep. B ycnoBusax BepTMKanbHOro nepeHoca BMPYCHbIE Yac-
TULbl B HEMHOKYNIMPOBAHHBIX NINCTbAX BHa4Yane obHapyxu-
BalOTCA B Tpaxemgax Meskux npoBOASALLMX MyYKOB, OTKyAa
OHM Yepe3 kneTkM 0Oknagku momagatroT B ManvMcagHyto
napeHxvMMy, KNeTKn KOTOpPOW Ha MepBbiX CTagusax nartore-
Hesa nopaxatoTcs 6onee UHTEHCUBHO [7]. [ecTpyKTUBHbIE
npouecchl B TKaHSIX BereTaTuBHbIX W reHepaTuBHbIX opra-
HOB pacTeHU CONPOBOXAAKTCHA CYLLECTBEHHbIM yBenuye-
HMEeM CMHTE3a BTOPUYHbIX MeTabonuToB B NpoTonnacrax u
KneTouHblX cTeHkax [10]. OgHuM u3 Hambonee nsy4eHHbIX
MEXaHW3MOB 3aLLMUTbl PACTEHUI OT Pa3fNMNYHbIX NAaTOreHoB
SABMSETCA CUHTE3 NPou3BOoAHbIX doeHunnponaHongos [11].
K AaHHOM rpynne oTHOCATCS ceckBuUTeprneHouabl, n3odna-
BOHOUAbI, AUTMAPOdEHaHTPEHbI, CNOCcobHble HapylaTb
LenoCTHOCTb LuTONMa3MaTmyeckux membpaH cdutonarto-
reHHblx opraHusamoB [13]. BapbepHble cBOMCTBa KneTkam
obecneymBaloT CBA3aHHbIE C KNETOYHbIMU CTEHKaMWu Kuc-
nble nepokcnaasbl, KOTOpble aKTUBHO Y4aCTBYIOT B CUHTE3e
KOMMOHEHTOB NUrHMHa u cybepuHa [1]. Ocobas ponb B
HhOPMMPOBAHNN KOHCTUTYLIMOHHOW YCTOMYMBOCTM pacTe-
HWN OTBOAMTCA OKCMAa3aM, rMaponuTUYeckumM depmeH-
TaMm, xutuHasam u B-1,3-rnokaHasam [12]. OTBeTHON pea-
KUMen pacTUTENbHOro opraHnu3ma Ha BMPYCHYIO MHMeKLuto
ABMNAETCA CMHTe3 canuumnoson kucnotbl (CK) — sHaorek-
HOro coefgvHeHus eHonbHoW npupodsl. NocnegHas cno-
cobHa yrHeTaTb Mpouecc pennukaumm n TpaHcrokauuu
BUPYCOB B TKaHAX pacTeHun [14]. B KOHBIOrMpOBaHHOM
dopme oHa obpasoBblBaeT MeTuncanuuunat — netydvee
coefMHeHWe, noBbIlwatLlee aKkcnpeccuio reHos PR-1 6en-
koB (pathogenesis-related) n cogeincTBylollee pa3BUTUIO
peakuMm CUCTEMHOM YCTOMYMBOCTb PacTeHWn K BMpycam
[10]. UeHTpom cuHTe3a n HakonneHuss CK asnsioTca xro-
ponnacTbl, OTKyAa OHa Nnerko TpaHcnopTmpyeTtcs no dro-
ame. B rentaHe u nogkucneHHom ataHone CK nog genct-
BMeM ynbTpacduroneToBoro ceeta (Y®) cunbHO dnyopec-
LuMpyeT ¢ MakCMMyMOM 3MUCCUM B AnnHE BOSHbI 480 HM, a
B aTtunareHaTtpus — 420 Hm [3], 4To no3BonseT oGHapyxu-
BaTb 3TO (PEHOMbHOE BELLECTBO B TKaHSX pacTeHuin. Cno-

COBHOCTb K aBTOyOPECLEHLIMN B XUBbIX KINETKax pacre-
HUA uMeT Takke uennonosa (420-430 HM), deHonbl
(450-460 Hm), NAD(P)H (460 HM), TeprieHbl, HekoTopble
ankanouabl n cnasoHouabl (470-525HMm), cnasuHbl (520
HM), kapoTuHouabl (540-550 HM), aHTOUMaHWHbLI, a3ynuHbl
(600-630 HMm) 1 xnopodunnel (675-680 HMm) [9,15]. Mpwn n3y-
YeHWM BUPYCHOTO MaToreHe3a asTO(hriyopecLeHUmsa 3HOO0-
FEHHbIX COeQMHEHU B TKAHAX PacTEHU MMEET onpeaeneH-
Hble NpeumMyLlecTBa nepen nccneaoBaHnsaMn OMKCUPOBaH-
HOTO M FOMOreHVU3VPOBaHHOIO MaTepuana, NOCKONbKY AaH-
HbI Moaxopn, No3BonsieT HabnoaaTe LEeHTPbl CUHTE3a, NMoKa-
nM3aumm 1 TpaHcrnopTa BTOPUYHbLIX METaAbONMNTOB, a Takke
CTPYKTYPY ¥ h13MNONOrMHecKoe COCTOSIHUE KMBbIX KIETOK.

Lenblo Hawmx mMccnegoBaHuin Obio M3yveHWe LuTo-
rMCTONOrM4eckoro n obero yHKLMOHaNbHOro COCTOSAHNSA
pacTeHUn xmensi OObIKHOBEHHOrO, WMHMUUMPOBAHHBLIX BU-
pycamu, No nokasaTtensmMm aBTodfyopecLeHUUn BHYTPUK-
NETOYHbIX METaboNUTOB.

O6BLeKkTbl U MeToAabl uccnegoBaHun. ViccnegoBaHus
NpoBOAUNN Ha pacTeHUsIX XMensi 0bbIKHOBEHHOro, OTob-
paHHbIX Ha nnaHTauuax Onesckoro pamoHa XXUToMupcKon
obnactu, koTopble 6binn 3anoxeHsl B 2004-2007 rogax Ha
©e3BMpPYCHON OCHOBE C NPUMEHEHUEM TEXHONOorumu in vitro.
Jlnctbsa xmensa coptoB "HaumoHanbHbIi" 1 "3arpaea” oT-
Bupanun co cpeHero 1 HKHEro pycoB C Y4ETOM CTEMEHN
NPOosIBNEHNS NaToreHe3a: MO3anyHOCTU, TOYEYHbIX U MEX-
XKMITKOBbIX XITOPO30B, HEKPO30B.

TotanbHyto PHK akcTparmpoBanu n3 pacTUTenbHOro
matepuana peareHTamu  komnnekta  "PUBO-cop6"
AmpIiSens® cornacHo ctaHgapTHoMy npoTokony. Peakuuto
obpaTHON TpaHCKPUNUMM NPOBOAUNN C WCMONb30BaHWEM
KoMmepyeckoro Habopa "PesepTta"”, cnegysa pekomeHgaum-
AM npousBoauTens. [uarHocTuky M MaeHTUduUKaumio Bu-
pycoB, MopaxaroLlmx XMenb, NPOBOAMIIN METOOOM MONu-
mMepasHon uenHon peakuum (MNLP) ¢ ucnonb3oBaHnem au-
arHOCTUYECKMX TEeCT-CUCTEM, pa3paboTaHHbIX B naboparo-
pun cuToBupyconorum n buotexHonorum HYBuUl Ykpawu-
Hbl. O6bekTamMyM uccnefoBaHUn ObiNv NATEHTHLIA BUPYC
XMens, BUPYC OrypeyHon Mo3aviku u BUpYyC Mo3ankun s6no-
Hu. MNUP nposBognnn B obbeme peakuMOHHOM CMecn —
25 mkn (peareHThbl AmpIiSens®, Poccusi) ¢ ucnonbsoBaHu-
eM 5 nKMonb Kaxgown napbl npanmepos. AMnnvdukauunio
BbINONHANM Ha obopynoBaHum Applied Biosystems 2400.
YcnoBus NpoBeAEHNs peakuun: HayanbHasa geHaTypauus
94°C — 5 mMvH, ganee 35 UMKIOB B CriegyloleM pexunve:
AeHatypaumsa 94°C — 30 c, peHaTypaums (rmbpugnsaums)
55°C — 30 ¢, anoHraumsa 72°C — 30 c. 3akno4nTernbHbIN
UUKn — domHanbHasa anoHrauua 72°C — 7 MuH. OnekTpogo-
pes NpPoAyKToB amnnudukaumMm npoBoamnm B 2%-Hom ara-
po3HoM rene B TAE-bydepe ¢ vcrnonb3oBaHMeM Mapkepa
MOEKyNsApHbIX Macc GeneRule™ 100 bp DNA Ladder un
Y® Busyanuaaumein ¢ 6poMUCTbIM ITUANEM.
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AHaTOMM4YecKoe CTPOEHME U CTPYKTYPHbIE U3MEHEHMS
NNCTBEB M3y4yamnu Ha HaATUBHbBIX U MOCTOSIHHbIX MUKpoOMpe-
napatax TonwmHon 8-10 mMkm. MOBTOPHOCTL B LMTOMNOIU-
YeCKUX WU TUCTOXMMUYECKUX uccnepgoBaHusx 10-Tm kpat-
Has. PactutenbHble TkaHu obpabaTbiBanu ukcaTopom
YembepneHa (60 % aTunosbin cnvpT, hopManvH u neas-
Has ykcycHas kucnota — 90:5:5; npogomxuTensHOCTb u-
Kcaumm — 24 4). JIIOMUHECLEHTHbIN aHanu3 fMcTbeB Mpo-
BOAMINN Ha cBexecpes3aHHOM MaTepuane 6e3 npensapu-
TenbHOW dpmKcaumm un okpalmBaHus nIOOPOXpPOMaMM.
ABTOhNyopecueHLMo TKaHen ndydanu ¢ NCnonb3oBaHMEM
Y3KOMOJIOCHBIX onTuyecknx cdunbTpoB (Carl Zeiss), cnoco-
OHbIX MponyckaTb CBET B Auana3oHe AnvH BOMH: 420-
470 HMm, 460-500 HM, 505-555 HM, 546-575 HM, 567-647 HM
1 660-690 HM. PacTuTtenbHblie TKaHW MccrnegoBanu Ha anu-
noMuHecLeHTHoM Mukpockone Carl Zeiss AxioScope A-1.

doTogokyMeHTauMo 1 06paboTKy 3KCnepuMeHTarnbHbIX
OaHHbIX BBIMOMHANW B CheuuanuavpoBaHHOW nporpamme
Oona ananusa undposbix K3obpaxeHun — Image-Pro
Premier 9.0 (Evaluation version).

Pe3ynbTatbl u ux obcyxpaeHue. Hanbonee Bbipa-
XEHHbIMW CUMMTOMaMn BUPYCHOIO MOBPEXAEHUS XMerns
(Humulus lupulus) aBnatoTCA NPOSIBNEHUS HA €ro NUCTbAX
PasnuyYHbIX TUMOB X/IOPO30B W MEXOKUIIKOBOW MO3auKu.
MaToreHHasi genurmeHTaums fMUCTbEB, Kak MpaBuro, CBs-
3aHa CO CTPYKTYPHbIMU U3MEHEHNSMU XITOPONNacToB, pas-
pywieHmem Monekyn xnopodumnna n apyrnx oTtocuctem.
PrcyHOK 1 AMHamuka nposiBneHnst Mo3anyHOCTK, XI0pOTH-
YECKUX U3MEHEHWA MMeeT onpeaeneHHyo (yHKLMOoHab-
Hyl0 CBSi3b C OCOBGEHHOCTSIMM BacKynsipHOro TpaHcrnopTta
BMPYCOB B TKaHsIX nucTbeB (puc. 1 A-lN).

Puc. 1. luctbsa xmens o6bIKHOBEHHOro: HavanbHas (A) 1 3aBepliatowas (b) ctaamm MeXxokunkoBoro BUpPYCHOrO XIopo3a;
B — nonepeuyHsbii cpe3 nuctoBor nnactuHky; I, [1 — cTpoeHne LeHTparnbHOM XUk nucta (MonepeyHbli cpes, parMeHTbl);
BLU — BEPXHWUIA CION KYTUKYIbl; BE€ — BEPXHUIN ANMAEPMUC; TK — rpebeHyaTas KyTukyna; Bn — BONOCOK; HE — HUDKHUIA SNUAEepMUC;
M3 — Me30dumni; on — obknagka NPOBOASALLEro NyyKa; Ki — KONMEeHXMMa; CK — CeKPeTOpPHBIN KaHar; Tp — Tpaxes; Nnd — napeHxMma hrnoamel;
MK — NapeHxMMa KCunembl; CT — CUTOBUAHasi TpyOka; Cnk — CNyTHUYHAs KNeTKa; i — MAMobnacT; KCT — KNeTo4YHas CTeHkKa

PaHee Hamu yxe Gbino nokasaHo [5], 4To naccuBHas
TpaHCnoKaumsa BUPYCHbIX YacTul, NPOMCXOAMT MO Kcune-
Me K KOHEYHbIM Tpaxengam Merkux NPOBOASALLMX MYy4KOB.
[anee oHn noctynalwT B anonnact U ¢ TOKOM BOAbI ne-
peMeLLalTcs NPeMMyLLIeCTBEHHO Yepes KreTkn obknagku
B manucagHytlo napeHxumy. PaccmoTpeHHble ocobeHHoc-
TW TpaHcnopTa BUMPYCOB B TKaHsX nucTa obbACHAT xa-
pakTep pasBWUTUSI BUPYCHOW MO3auKu U MEXOKUITKOBOrO
xnoposa. Kak npaBuno, nepsble CUMMNTOMbI NPOABASIOTCA
MEXAY XWUIKamu BTOPOro M TpeTbero nopsakos (puc. 1
A). B cnyyasx nporpeccupyrollen BUPYCHOW BonesHu
XMOpPO3 NMUCTbEB XMens AOCTUraeT 3HAYUTENbHOW KOHT-
pacTHOCTM [0 MOSHOrO HapyLleHWUs XapaKTepHoW Ans
AaHHoro Buaa nurmeHtauum (puc. 1 B).

Ona wpoeHTudurkaumm 1 noaTBepXAEHUs BUPYCHOM
NpuMpoAbl MO3auku NMUCTbEB XMens Hamu 6binu nNpoBege-
Hbl AMarHOCTUYECKMe WCCrefoBaHuA C MPUMEHEHMEM
mynbTunnekcHon OT-MLUP. B pesynbTtate 6binn nonydye-
Hbl @aMMSIMKOHbI pa3mepom — 427 n.H., 157 n.H., 109 n.H.,
KOTOpble Haxo4sATCA B ONTUManbHOM AuanasoHe, OTBe-
yalouwem ydactkam reHoma Hop latent virus (HLV),
Cucumber mosaic virus (CMV), Apple mosaic virus
(ApMV) cooTtBeTcTBeHHO. Takum obpasom, B uccnegye-
MbIX HaMu obpasuax (puc. 2, npobel 3-4) ObINo NoaTBEP-

xaeHo npucytcteue BupycHon PHK. WHTepecHbiM dak-
ToMm saBnsetca NUP naeHTMdMKauna B nNUCTbAX Xmens
BUpyca orypeyHon mosauku (BOM), koTopbii B pacTeHu-
AX 9TOro BMAa BbISBIIEH B YKpauHe Brnepsble.

PacTteHuss xmensi oGbIKHOBEHHOro XapakTepuayrTcs
aKTMBHbIM 0bOpa3oBaHMEM BTOPU4YHbLIX MeTabonutos [4].
3HaunTenbHas UX YacTb CUHTE3MpPYeTCs U HakannuBaeT-
csi B xnoponnactax. B HopmanbHbIX ycrnoBusx B XrOpo-
nnactax mMesodunna 340pOBbIX JIMCTbEB XMENs Mpowuc-
XOOUT aKTUBHbIN CUMHTE3 FNenKoaHTouMaHUanHOB 1 dna-
BOHOIN-IMMKO3MAOB. YacTb UX nepeHocuTcsa yepes nnas-
ManemMMy U KIEeTOYHYI CTEHKY B MEXKMNEeTOYHOe Mnpo-
CTPaHCTBO, NOCTyNaeT B Merikue MpoBOASLUME MYYKU, U
nanee, 4yepes LEHTpanbHYl XWUMKY TpaHcnopTupyeTcs B
ctebenb U gpyrue opraHbl pacTeHusi. MHorve deHornb-
Hble COeOVHEHUS!, CUHTE3UPYEMbIE B JIUCTbAX MO LUMKK-
MaTHOMY W aueTaTHO-mManoHaTHOMY nyTu, obnagatoT
CnocobHOCTBIO K aBTObrnyopecLeHLmMmn, 4YTO Mo3BonseT
BbISIBMATb LIEHTPbl UX CUHTE3a W1 HakonneHus, Habnwogatb
OBWXEHMEe 3TUX BELLeCTB MO TKAHAM pacTeHusl, a Takke
uccrnefoBaTb  HEKOTOpble  MpoLecchbl  BMoXMMUYeckon
TpaHcdopMauun npoaykToB metabonuama B npolecce
nnacrtuyeckoro obmeHa.
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4 K"

Puc. 2. EnekTtpodopeTuueckoe pasgeneHue npogykroB amnnudpukaumnm OT-NMLUP n3 nuctoeB xmens:
M — mapkep MONeKynspHbIX Macc GeneRule™ 100 bp DNA Ladder; 1, 2, 4 — copTt "HauuoHanbHbin"; 3 — copT "3arpasa”;
K™ — oTpuuaTenbHbIi KOHTPOIb

K Takum BelLecTBaM OTHOCATCS NENKOaHTOUMaHUANHDI,
hnasoHoMabl, (braBOHOM-rMMKO3NAbI, eHonkapboHoBLIE
KMCnoTbl (OKCMBEeH30MHas, canuuunoBas, TpaHCKopuyHas),
KOTOPbIX OCOBEHHO MHOTO B NIUCTBSIX XMenNst 06bIKHOBEHHO-
ro [4]. PesynbTaTtbl NIOMUHECLEHTHON MUKPOCKOMWMN CBeE-
XecpesaHHbIX NUCTLEB XMENs nokasasnu, YTo B CUHEM crie-
kTpe (420-460 HM) HanbonbLUMA KBAHTOBLIA BbIXOA, Ha-
6niogancst B Knetkax BEPXHEro UM HWKHEro anvaepmMmncos
(puc. 3 a-6), a Takke B UMcTOoNMTax U ngnobnacrax. Mak-
cumMarnbeHoe nornoweHne ynetpadguoneTtooro ceeta (340-

390 HM) ObINO BbLISIBNEHO HaMK B kneTkax crtonbyaton u
rybuaton napeHxumbl. [JaHHbIA CNEKTP MOrMoLeHUs CooT-
BeTcTBYeT Makcumymy (380 HM), KOTOPbIN XapakTepeH Ans
(Pr1IaBOHON-TNIMKO3MAOB. YCTAHOBIEHHbIN (hakT MoaTBEPXK-
[aeT JaHHble OTHOCUTENBHO BGonee BbICOKOro CoaepKaHus
3TUX MeTabonMToB B Me30unne NMUCTLEB, MO CPABHEHMIO
co ctebnem n kopHem [4]. Y pacTeHuin, NopaxeHHbIX BUPY-
camu, Hambonbllas MHTEHCMBHOCTb dnyopecueHuun B
NUCTbsIX OTMeYanacb B rony6om (460 — 500 HM) n xenTo-
3eneHom (546-575 Hm) cnektpax (puc. 3 6, ).

Puc. 3. ABTodhnyopecueHUus BellecTB B xuike ll-nopsgka v TKaHsIX IMCTOBOMW NIIACTUHKMU
C cMMNTOMaMu BUPYCHOM MO3auKu (a-e) u 6eccuMnTomHoro (xk-k) nucra xmens (Humulus lupulus):
a, X — cBeToBasi amuccus B crniekTpe — 420-470 Hm; 6— 460-500 HM; B, 3 — 505-555 HM; I — 546-575 HMm; A, | — 640-690 HM;
€, K — KOMBVHVpOBaHHOE n3obpaxeHre TkaHel B onTuyeckux dpunotpax 430 HM n 680 HM;
(cTpenkamu ykasaHo HanpaBrieHe YMeHbLUEeHUS rpagneHTa KOHLEeHTpauum 61UoreHHbIX MoMUHOMOPOB)

Mo xapaktepHomy ans ¢peHonoB n CK cnekTtpy amuc-
cun (460-480 HM) ObINO yCTaHOBMEHO, YTO UX obLlee co-
AepXaHue n pacnpeferneHne B TKaHsIX pacTeHus 3aBUCUT
OT Hanu4yusa NaToreHoB BUPYCHOW npupoabl. B anngepmuce
NINCTbEB 300POBOr0 pacTeHus coaepkaHume beHonoB Obl-
no B 2-3 pasa Gonblue, YeM B NUCTbSIX C NPU3HaKaMu BU-
pycHol mo3auku (puc. 4 A-B). Tem He meHee, cuHTE3 Be-
LectB peHonbHon npupoabl U CK Ha HavanbHbIX CTaausx

BMPYCHOM MHAEKUMU B TKaHsX cTonbyaTtom u rybyaTon
napeHxmmbl Bospacrtan B 6-8 pas (puc. 4 b). MHdekumoH-
HbIV NPOLECC YacTO COMPOBOXAAETCA yBENMYEHMEM cofe-
pXXaHus B KneTkax Mesodunna TepneHoB 1 oriaBoOHONAOB,
CMNOCOOHBIX K chriyopecLieHUMn ¢ HambomnbLLUM KBAHTOBbIM
BbIXOJOM B 3eneHom cnekTpe (505-555 um). Mop pencreu-
€M BUPYCOB MX KOHLIEHTpauus B LMTONNasMe Knetok Mme-
3ocunna GbicTpo pacTeT (puc. 4 B).
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Puc. 4. luHenHbIW npocdunb aBTOohNnyopecueHUUn MeTabonuToB B TKaHAX nuctbeB xmens (Humulus lupulus)
(nonepeyHbIn cpes): 6eccumnToMHbIN NUCT (A); HayanbHas (B) 1 3aBepwatowasn (B)
cTaAun MeXCKUITKOBOW BUPYCHOW MO3auKu
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Ha 3aBepLuatownx ctagusix passuUTUS BUPYCHON MeEX-
XKUIKOBOW MO3auKM CyMMapHOe COAEepXaHue TeprneHoB U
(bnaBoHOMAOB B BEPXHEM dnuAepmMuce noBbilLaeTcs B 3 pa-
3a, a B KIneTkax cronbyarton napeHxumbl B 9 pa3 (tabn. 1).

dnyopecueHUmMs xnopodusnna no OTHOLIEHUIO K KOHTPOTIO,
HaobOopOoT, BHaAyane HeCKoNnbko yBenuumBaeTtcs (Ha 15-
18%), a 3aTemcyLlecTBeHHO ymeHbLuaeTca (8o 70%).

Ta6nuya 1. BnusaHue BUpycHou MH(eKLUUmn Ha ANHAMUKY coaepXKaHUsA
B NUCTbsAX xmens (Humulus lupulus) 6uoreHHbIX NOMUHOGOpPOB

Ctagus naTonornvyeckux CTpPYKTYpHbIe CopgepxaHne 6MOoreHHbIX IIOMMHOGOPOB NO OTHOLUIEHUIO K KOHTpon, %
U3MeHeHun 3aneMeHTbl nucTa 420-470 Hm 505-555 HMm 567-647 HM 640-690 Hm
B3O* 114,6 443,6 200,1 95,7
cn 13,0 336,2 15000 118,0
HavanbHasi crtagus Mex- (vHA) (vHa)
XKUNKOBOW MO3auKu L 309,1 72,4 — 99,1
H3 55,5 27,6 - 55,1
Bcero 340,4 164,1 > 1700 91,2
B3 - 2942 - 0
MexokunkoBass  BUpycHas cn 236,5 11,3 3246 80,8
MO3aMKa I 120,1 221,7 - 127,8
H3 23,8 66,0 - 85,9
Bcero 77,5 298,1 324,6 91,4
B3 26,0 440,2 - 0
Mexokunkosas  BMpycHasi cn 120,8 920,3 611,5 23,0
Mo3amka C npu3Hakamu I 244 318,1 - 38,6
HEKPO30B HO 13,7 27,3 - 0
Bcero 48,3 320,4 611,5 27,2

* BO — BepxHuii anupgepmuc; Cl — ctonbyartasi napeHxuma; I'M — rybuyartasi napeHxnma; H3 — HWKHUIA anMaepMnc; MHA — NOTeHUManbHbIN

MHAMKATOP BUPYCHOWN MHpeKumm

3ameTHO ocnabnsetcsa Takke dnyopecueHUns TKaHen
NUCTbEB B CUHEM cnekTpe. OTOT addekT MoxeT ObiTb
obycrnosneH O6LMM YMEHbLUEHNEM KOHLEHTpauumn geHo-
noB N eHONKapboHOBLIX KUCMOT B NINCTLAX, UX BUOXUMU-
Yeckol TpaHcdopMaLumen B COeAUHEHUS, KOTOpble He Cro-
COBHbI K CBETOBOW 3MMCCUM B MCXOQHBIX ycrosusx. Ha

OCHOBaHUW MOJyYEHHbIX HaMW AaHHbIX MO aBTOIyopec-
LUeHUun npoaykToB mMeTabonmama ckrnagblBaeTcs npeacra-
BIIEHWE O TOM, YTO B CUCTEMe pacrnpeneneHns eHorbHbIX
COeaMHEHWIN B TKaHSAX NIUCTbEB XMENsi CyLLecTByeT orpe-
JerneHHas rpaguMeHTHasi CTPYKTYpUMPOBAHHOCTb, KoTopas
MOXeT ObITb NpecTaBrneHa crneayroLLen cxemon (puc. 5).

me3ocdmnn

anuaepmMuc

anunaepmMmuc

w *+ 4
—r""
¥ w &
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Puc. 5. Bnusinne BUpycHou MHdeKuumM Ha pacnpegeneHue U HanpaBrieHWe nepeHoca heHOoNbHbIX COeAUHEHUN
B NIUCTbSIX XMersi 0ObIKHOBEHHOIO: 340POoBbIN NUCT (A); HayanbHas (B) n 3aBepLuarowasn (B) cTaaMm MeXkunKkoBor BUPYCHOW MO3auku

[lo NpOHWKHOBEHUSI BUPYCHOW MH(EKLUN B pacTUTENb-
HbI OpraHn3m B CHhOPMUPOBABLLNXCH NUCTbAX Habnoaae-
TCA TeHAeHUMA K nepeHocy (EeHONbHbIX BeELEeCcTB OT
LEHTPOB UX CUHTE3a B MOKPOBHbIE TKaHW (KINETKM BEPXHEro
N HWXHero anuaepmucos) (puc. 5 A). Ha HavanbHbIX cTa-
OVAX BMUPO3a CMHTE3 (beHOnoB B Me30odurnne NNCTbEB 3Ha-
YNTENBbHO aKTUBU3MPYETCS, HO UX NEPEHOC K KNeTkam anu-
aepmuca npuoctaHaenmeaetcs (puc. 5 B). [JaHHbin punsm-
OnorMyecknii NpoLecc, BEPOSITHO, CBA3aH C Hecneuuduye-
CKOWM 3aLUMTHOW peakumen pacTUTENbHOro OpraHmsmMa, Ko-
TOpasi CONPOBOXAAETCH CHMXEHNEM NPOHMULIAaeMOCTU nna-
3mManemMmbl Ans EHONbHbIX BELLECTB, akTBU3aLNENn CUH-
Te3a N OT/OXKEHUS KOMMOHEHTOB NUrHuMHa, B -(1—-3 )-
rMIOKaHOB (Kamnmnosbl) U ApyrMx OMOMonuMepoB B KeTou-
HbIX cTeHkax [10]. Ha 3aBepluatowien cragum nposiBfieHns
BMPYCHOI Mo3auku obliee cogepxaHue ceHomnos, cnoco-
OHbIX K oNyopecLeHLMN, yMEHbLLAETCS NOYTU BABOE, a UX
pacnpeferneHve B TKaHAX JINCTbEB TEPSIET CUCTEMHOCTb
(puc. 5 B) u npuobpeTtaeT Anddy3HbIN XapakTep.

BbiBoAbI

1. Bnepeble B YKpauHe YCTaAHOBIEH (hakT NopakeHusi
xvens (Humulus lupulus) BUpycom orypeyHom MO3auku.

2. Ha uccnepoBaHHbIX nnaHTaumsx Xutommpckor obnac-
™ B pacteHusx xmens metogom OT-TLUP BbisBneHa cme-
LaHHasa BMPYCHasa MHAeKuus, kotopas npegcraeneHa Hop
latent virus, Apple mosaic virus n Cucumber mosaic Virus.

3. YcTaHOBMEHO, YTO B YCMOBUSX CMELLAHHOW BUPYCHOM
WHMEKUMN Ha HaYanbHbIX CTaAMSAX MENCKUITKOBOW MO3auku B
NINCTBAX XMeNsi yBenMunBaeTcs obLumi nyn v HanpaeneHve
MEXKIETOYHOIO TpaHcnopTa (heHOSbHbIX COEANHEHWIA.

4. B nucTbax xvensi, MHOULMPOBaHHbLIX BUpYCaMU, BbisiB-
MNEHO 3HaYUTENbHOE NOBbILLEHWE UHTEHCUMBHOCTU aBTodryo-
pecueHUuun BellecTB B ronybom (460-500 HM) u xenTo-
3eneHoMm (546-575 HM) cnekTpax; Ha HavarnbHbIX CTagusax
BMpYCHOro 3aboneBaHusi cogepXkaHue nNpoayKToB BTOPUYHOIO
mMeTabonuama ¢ MakcvManbHON CBETOBOW 3MUCCMEN B CUHEM
(420-470 HMm) n xenTo-opaHxeBoM (567-647 HM) crnekTpax
YBENNYMBAETCS MO OTHOLLEHUIO K KOHTPOSTHO, COOTBETCTBEHHO
B 8 1 15 pas; AaHHbIN 3PDEKT MOXKET ObITe MPUMEHEH B 3KC-
NpecCc-ANarHoCTUKE BUPYCHbBIX MHADEKLMIA pACTEHNIA.
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Hapinwna no peakonerii 30.04.12

E. NMonuuwyk, kaHa. 6uon. Hayk, A. KoBaneHko, A-p 6uon. Hayk,
W. AHTUNOB, KaHA. c.-T. HayK, B. OBep4YeHKoO, KaHA. C.-T. HayK

MHrMBUPOBAHUE UH®EKLIMOHHOCTU BUPYCA TABAYHOU MO3AUKM
B MPUCYTCTBUMU NIIOKAHA GANODERMA ADSPERSUM (SCHULAR DONK)
B N3OJIMPOBAHHbLIX NMPOTOMJNIACTAX TABAKA

U3yyeHo enusiHue nonucaxapuda, sKkcmpaauposaHHo20 ¢ muuenusi e2puba Ganoderma adspersum,Ha penpodyKuyuro eupyca
mab6ayHol Mo3auku e npomonnacmax mabaka. [lokazaHo, Ymo a2/1uKkaH uH2ubupyem penpodyKyuro He3Ha4umesibHO. AKMU8HOCMb
npenapama o6ycnoesneHa, o4egsudHo, e2o delicmeueM Ha rnpouyeccbl adcopbyuu u NPoOHUKHoe8eHuUe supyca 8 knemky. [nukaH He
ebi3bleaem azpeaayuu 8UPUOHO8, YMO IMoKa3aHo Mpu yeHmpugyauposaHuu KoMrsiekca supyc-rnonaucaxapud e epadueHme niom-
Hocmu caxapo3bl, HO npueodum K dezpadayuu eupuoHoe. [aHHbIl ¢ghakm ceudemenibcmeyem o mom, Ymo e obwjeli aHmueupyc-
HoU akmueHocmu antokaHa Ganoderma adspersum, ea)xHoe MecCmo umeem e2o e/1usiHUe Ha 8HeKJ1IemoYHbIl aupyc.

The effect of polysaccharide extracted from the mycelium of Ganoderma adspersum, on the tobacco mosaic virus reproduc-
tion in isolated cells of tobacco has been investigated. It is shown that glucan insignificantly inhibits a virus reproduction in iso-
lated cells, and its activity is conditioned mostly by the influence on adsorption processes and virus entry into a cell. Glucan
does not cause aggregation of virions, that was shown after centrifugation of the complex virus-polysaccharide in sucrose den-
sity gradient but it can cause of virions degradation. This fact confirms that in the total anti-virus activity of glucan Ganoderma

adspersum important place has an effect of polysaccharide on an extracellular virus.

M3BecTHO, 4TO BbIClWMe GasvamnanbHble rpubbl Npoay-
LMpYIOT B1ONOrMYeckn akTMBHbIE nonucaxapuibl C yHUKa-
NbHOW cTpykTypon [9]. MonucaxapuaHble npenaparbl, 3KC-
TparMpoBaHHble C MWULENWs, NIOAOBLIX Ten. U KynbTypa-
NBHOW XMAKOCTW rpnboB, MMEeIT CBOWCTBA MHIMbUpoBaThb
pa3BuTME OMyXonen, CTUMYNUMpPoBaTb UMMYHHbIE peakuuu,
B HEKOTOPbIX OBHapyXeHbl aHTUBUPYCHbIE U aHTUMWUKPOO-
Hble cBoucTBa [1, 6]. Cpeamn rpubos-npoayueHToB 6uono-
rMYeckn akTMBHbIX MpenapaToB ocoboe mMecTo npuHagne-
XuT rpnbam cemenctea Ganoderma. MisgaBHa ux nnogo-
Bble Tera MCMonb30Banu SAMNOHCKME UMNepaTopbl Kak nu-
Lesble 4o6aBkn ANS yrnyyleHns CBOero 340poBbs U [ON-
ronetuns. MNpenapaTbl, N3roTOBMEHHbIE HA OCHOBE rpUbOB,
CerofHs LUMPOKO Mcnomnb3yloTcs B dhapmakonorn kak ob-
LLleyKpennsioLwme 1 NpoTMBOONyXoneBble CpeacTsa.

B nocnegHee Bpemsi Ansa rpubHbIX Monvcaxapuaos
yCTaHOBMeHa cnocobHOCTb MHIMBKMpoBaTb pa3BuTUE BUPY-
CHbIX MHMEKUUn pacteHnn [5]. B yacTHOCTM rroKypOHOK-
cunomaHHaH Tremellamesenterica v rniokaHbl Ganoderma
adspersum, MOryT WHAYUMPOBAaTb YCTOWYMBOCTb CBEpPX-
YYBCTBUTEMbHbIX PacTeHW K BUpycy TabayHoW mo3sauku
(BTM), a Tak e WHrMbupoBaTb €ro B y YyBCTBUTESbHbIX
pacteHun [2, 3].

Llenbto paHHoW paboTbl GbINO AeTanbHOe M3yyeHune
BNUSHMA NonucaxapugoB 6asmgnanbHbiX rpuboB Ha pas-
Hble 3Tanbl penpogykuMn BUpyca B U30NUPOBAHHBLIX Mpo-
TonnacTax tabaka [7].

Martepuanbl 1 metoabl. Ob6bekmbl uccredosaHuUU:
nonuncaxapugHeln npenapart, BblAeNEeHHbIA NyTeM BOAHON
aKCTpakumm ¢ muuenusa Ganoderma adspersum (wtamm |,
NOMNy4YeHHbIM € Komnekuun XamdCbKOoro YHMBEpCUTETa,
WN3pannb), Bupyc TabayHoi mosauku (BTM, wrtamm Uj,
NonyYeHHbIn nyTemM AMdEHEPEHUMOHHOTO LEeHTPpUdYrmpo-
BaHWs1) NpOTONMacTbl, M30MMPOBaHHbIE C NUCTbEB Tabaka
Nicotianatobaccum, copta WMMyHHbIN 580, 4TO MyTaHT-
HbI no N-reHy [8].

Memodsi uccnedosaHud. TMpoTonnactbl nonyvanu c
nucTbeB Tabaka BO3pacTom 6-8 Heaenb OAHOCTYNEHYaTbIM
mMeToaom [8] ¢ nomoLubio 2% uentonasbl (Onozuka R-10) 1
0,1% maueposuma R-10, pacTBOpeHHbIX cpeaov Ans Kyrb-

TMBMpoBaHua coctaea: KHPOs, — 27,2 wmr/m KNO3—
101,0 mr/n, CaCly*2H,O — 1480,0 mr/n MgSO4*7H,O —
246.0 mr/n Kl — 0,16 mr/n CuSO4*5H,0 — 0,025 mr/n, 0,5 M
maHuTon (pH 5,8). Jluctea pacteHun Tabaka cTepunuso-
Banu 7% pacteopom "domectoc" 20 MWH., 4 pa3a NpoMbIBa-
N CTEPUNBHOM AUCTUNNMPOBaAHHON BOZAOW MOCHE Yero CHu-
Manu HKHUA SNUAEPMUC M MOMELLLANN Ha CTEPUIIBHBINA pac-
TBOp chepMeHTOB Ha 2 Yaca. [ocne akcTpakuum npoTonnacThbl
OTAENsAnM OT OCTaTKOB TKaHW LieHTpudyrmposaHuem (100 g, 2
MWH) U OTMbIBanu OT (hbepMeHTOB cpeaon Ansd OTMbIBKA CO-
craea: 0,5 M manuton, 5 MM CaCl, n KH,PO4. MpoTonnacTel,
YTO MONYYMnu, KynbTBMpoBanu B cpege CPW.

KoHueHTpauuio kneTok B 1 M cycrneH3um onpegensnu,
nogcunTbiBasi ux B kamepe lopsieBa ucnonb3yst 0,2 %-i
pacTBOp METUIEHOBOIO CUHETO.

MpoTonnacTbl UHMULMPOBaNV C NOMOLLbIO NOMMKaTUO-
Ha poly-D-lisine (~120000). PacTtBOop nonukaTuoHa
(1 mkr/mn) gobasnanu k cycneHsun BTM (1 mkr/mn), BbI-
pepxuan 10 MVH., BHOCMIMN K U30NTMPOBAHHBIM KreTKam
n nHkybrposanu 10 MUWH., Mepvoanyeckn nepemeLuvBas.
Bupyc, koTopbli He agcopbupoBancs Ha KneTkax, OTMbl-
Banu cpegoun ansd oTMbIBKU 3 pasa.

[insi NnpoBepkn BNUSIHWUA MOKaHa Ha agcopbunio BUpY-
Ca 1 ero akTUBHOCTb B KMeTke nonvcaxapuaHelil npenapat
B KOHUeHTpaumax 200 n 500 mkr/mn BHocunu B cpeay Ansi
KyNbTMBMPOBAHMSA MPOTOMNMACTOB U K CYCMEH3UN BUPYC-
nonvkaTnoH. Beinn npoBepeHbl cneayowme BapnaHTbl: 1 —
npenapaTt BHOCUNW BO Cpeay AN KyNbTUBMPOBaHUSA, 2 —
npenapart gobaBnanu K MHOKynaAT, 3 — npenapat gobaens-
N K MHOKYNAT U K cpefe Anst KynbTueupoBaHus. OTpuua-
TENbHbIM KOHTPOMEM CRYXUNN HE MHULMPOBAHHbIE NPO-
TONNacTbl, NOMNOXUTENbHLIM — WHPULMPOBAHHbLIE MPOTO-
nnactbl, He 06paboTaHHbIe NonMcaxapuaoMm.

Bo Bpems KynbTUBMPOBaHUA NPOTONMACTOB B AUHAMU-
Ke MpoBepsnu KonnyecTBo aHtureHa BTM metogom nmmy-
HocbepmeHTHOro aHanusa (MPA). Obpasubl npoTonnactoB
aHanuampoBanu yepes 24, 48 n 72 4. nocne UHguUnposa-
HWMS NPOTONNacToB U 06paboTkM NX NpenapaToMm.

[ns u3y4eHus BNUSIHUSI nonvcaxapuaa Ha penpoayk-
umo BTM B wu3onupoBaHHbIX KneTkax rnokaH (200,
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500 mkr/mn) gobaBnsnu B KynbTypanbHyl0 cpegy K NpoTo-
nnacrtam, 4to GbinM NonyyYeHbl ¢ MHPULMPOBAHHBLIX pacTe-
HUI Tabaka. KoHTponem cnyxunun MHOULMPOBAHHbLIE KNETKN
6e3 nonuncaxapuga. Bo Bpems KynbTMBMPOBaHWS MHGEKLM-
OHHOCTb BTM B npotonnacTtax onpegensnu, WHOKYNMpys
nuctes Datura stramonium obpa3suamu KneTok oTobpaHHbI-
MU vepes 2, 6 n 24 yacoB nocne rnokaHa. Knetkn otMmbiBa-
nm ot maHutona 0,01 M docdaTHbIM Bydepom 1 3amopa-
X1Banu ons paspyLUueHrst TKaHW 1 3KCTparnpoBaHusi BUpyca.
MonyyeHHbI romoreHaT pasmopaxusany u LeHTpudyrnpo-
Banu (8000 g, 10 muH.). CynepHaTaHT Mcnonb3oBanu aong
onpeneneHus aHTureHa metogom UN®OA, a Tarke MHdeKum-
OHHOCTU BMpYCa Ha PacTEHUSX-MHANKATOPaXx.

C uenbio nccnenoBaHns BNWSHWSA FTOKaHa Ha CTPYKTY-
py BMpuroHoB BTM rotoBunu cMechb BUpyca v nonucaxapu-
0a B KOHEYHbIX KOHUEHTpauusix 2 u 5 mr/mn, coOOTBETCT-
BeHHOo. Bbigepxwuanu 30 MWMH M uUeHTpudyruposanu B
rpagueHTe nnotHoctu caxaposbl (10-45 %, 22 TbiC.
06/muH., ueHTpudpyra Bekmen 40), nocne 4ero onpegens-
N MONOXeHWe onanecuupyloLlen 30Hbl, YTO coaepxana
BMpYC, NpocmMaTpuBas npobupku B ynbTtpaduonete. B ka-
YecTBe KOHTpoOns ucnonb3oBanu cMecb Bupyca ¢ 0,01 M
docdatHbiM Oycdhepom B MOAEHTUYHOW KOHUeHTpauun. C
Kaxgon npobupku 6binu oTobpaHbl obpasubl ANs 9MeKT-
POHHO-MUKPOCKOMUYECKUX UCCIEeJ0BaHMN.

Pe3synbTathbl U o6cyxaeHus. PaHblie Hamu Gbino no-
KasaHo, YTO nonucaxapuvg, NosydeHHbI ¢ Muuenus rpuba
Ganoderma adspersum nytem BOOHOW 3KCTPaKUUWU U O4U-
LLIEeHHbIN OT Npumecein 6enka, SBMAeTCs reTeporeHHbIM npe-
napaToMm M COCTOUT M3 3-X KOMMOHEHTOB C MOJEKYNSPHbIM
BecoMm 20, 48 n 95 k[a [4]. Kaxabii U3 HUX MHIMOUPYET WH-
dekunoHHocTb BTM B 4yBCTBUTENBHBIX U CBEPXYYBCTBUTE-
NbHbIX pacTeHusx Tabaka. MexaHU3M aHTMBMPYCHOW aKTUB-
HOCTW NonucaxapuaHoro npenapaTa 3akrvaeTcsl B akTu-
BaLUN 3aLUUTHBIX peakuuii y CBEpPXYYBCTBUTENMbHBLIX pacTe-

HUM 1 BIUSIHAW Ha 3Tanbl Penpoaykumun y YyBCTBUTEMbHbIX.
[MokasaHo, YTO aKTMBHOCTb ATOrO NpenapaTta B CBEPXYYBCT-
BUTENbHOM copTe Tabaka nogobGHa k [KM  Tremella
mesenterica [3], KOTOPbIA UHIMOMPYET 3Tanbl CUHTE3a GEenkoB
B kneTke. Mexay Tem, AaHHble npenapaTtbl MHIMOUPYIOT pe-
npoaykumio BTM B cBEpXUyBCTBUTENBHBIX pacTEHUSX Tabaka.

[nsi bonee geTanbHOro U3y4YeHusi OEWCTBUSA Monuca-
xapuga Ha penpoaykumio BTM B gaHHon paboTte Mbl uc-
nonb30Banu CUCTEMY M30MMPOBaHHbIX NpPOTONMnacToB. Mc-
cnepoBanu BrnvsiHWE npenapaTta Ha Npouecchbl MPOHUKHO-
BEHWS U pennukaumm Bupyca B knetkax. [ns atoro nonu-
caxapvg 4o6aBnsanm K MHOKYNATY U B KyNbTypanbHYO cpe-
Oy B pasHbIX BapuaHTax. YCTaHOBMEHO, YTO Mpu pasnuy-
HbIX crnocobax NpWMEHEHUs [MoKaHa TUTP Bupyca Obin
CHWXKEHHbIM, MO CpaBHEHMIO C KoHTponem (Puc. 1), npu-
4YeM, C NOBbILUEHNEM KOHLEHTpaLmMn nonucaxapuga ao 500
MKr / MI1 €ro aKTMBHOCTb pacTeT.

Takum obpasom, rniokaH G. adspersum MOXeT MHrnMbu-
poBaTb PenpoAyKUMIO BUpYCa B M3OMNMPOBAHHbLIX KreTKax.
Mpuyem, cambln BbICOKMI YPOBEHb yrHETeHWUs Habnmopan-
CSl NpW €ro NPUMEHEHUN OJHOBPEMEHHO C BMpPycoM. [laH-
HbI baKT MOXET CBUAETENbCTBOBATb O TOM, YTO Uccre-
OyeMblil nonucaxapug, o4eBUOHO, BNUSIET HE HEMOCPEACT-
BEHHO Ha PEnpoayKUMIO BMpyca B KNeTke, a Ha npouecc
ero agcopouum 1 NPOHNKHOBEHWUSI.

Mony4yeHHble pesynbTaTbl ObINM NOATBEPXAEHbI Mpu
obpaboTke nonucaxapMgoM MpOTOMMacToB, 4TO Obinn
U30MMPOBaHbl M3 pacTeHuin Tabaka WHPULUMPOBAHHBIX
BTM. B gaHHOM crnyvyae npoOHUKHOBEHME BUpYCa B KMNETKY
yKE MPOM30LLIIO N CHWXKEHWE TUTpa BUpYca NoA BrMSHUEM
npenaparta BO3MOXHO TOMbKO NpW YCnoBuUM WHrMbupoBa-
HWs ero penpoaykuun. B onebiTe ncnons3osanu tabak, vyB-
ctButenbHbI kK BTM. MpoTonnactel nonyyanu U3 nUCTLEB
pacTeHuin Ha 12 CyTKv Nocne UHOKYNSALUU NX BUPYCOM.

0,6
A 0,5 -
s T
R
Ee— e S —+— KOHTponb BUpyca
§ 3 03 . P py
z z 0,2 2
=
E — 3
5 5 0,1
[
o 0
24 48 72
Mepvop MHKYOGUpOBaHUA, Y4
0,6
5 5 0,5 — —*— KOHTpOnb BMpyca
oS 04 |
g"’ w\
=
=g 02 — 3
=3 o1
o g 0
)
= 24 48 72

Mepuoa nHKyGMpoBaHus, Y4

Puc 1. BnusaHue rnrokaHa Ha penpoaykuuio BTM B nsonvpoBaHHbIX npoTonnacrax
(koHUeHTpauusa nonucaxapuga 200 mkr / mn (A) 1 500 mkr / mn (B))
MpenapaTt po6aBnsanu:

1-K MIHOKYNATY 1 B KyNbTypanbHylo cpeay; 2-K MHOKYNATY; 3-B KynbTypanbHyto cpeay

Mpwn nobaeneHnn nonmncaxapuaHoro npenaparta B UHO-
Kynat Oblnla oTMeYeHa BbicoKasi aHTUBUPYCHaA aKTuB-

HOCTb, KOTOpasi nposiBnsnack Yepes 24 n 48 4 nocne vH-
duumpoarus. MNpu obpaboTke npoTonnacTtoB A0 WHDK-
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uupoBaHust n gobaBneHnn npenapaTta B KynbTyparbHYO
cpedy, uHrmbrnposaHue Bupyca ObINo HU3KMM, a Npu BBe-
OEHUN TMNIoKaHa TOMbKO B KyNbTyparbHY CPeay — YPOBEHb
YrHETEHNs1 BUpYyCa 3aHUMar NPOMEXYTOYHOE MONOXEHUE.
YCTaHOBEHO, YTO IMI0KaH B KOHUeHTpaumm 500 Mkr/mn
Yepes ABa 4Yaca nocrne obpaboTkM NPOTOMNAacToOB CHWXar

TUTp aHTUreHa BTM B 4 pa3a no cpaBHEHUIO C KOHTpOneM,
yero He Habnioganoch 4yepe3 6 4YacoB nocrne ob6paboTku.
Yepe3 24 vaca vHKybauum CHwXeHue TuTpa Bupyca BO
BCEX Mccnegyemblx BapnaHtax Gbino He3HaunTebHbIM MO
CpaBHEHUIO C KOHTponem (Tabn.1).

Ta6nuya 1. Tutp anTureHa BTM B usonvpoBaHHbIX npoTonnacTax Tabaka, o6paboTaHHbIX rnokaHoM G. adspersum

Mepuoa aencrTeunsa npenapara, 4 nrokaH, 200 Mkr/mn nrokaH, 500 Mkr/mn KoHTponb
2 1:640 1:160 1:640
6 1:320 1:160 1:160
24 1:80 1:80 1:160

Mpu nccnepoBaHnn MHdEKUMOHHOCTM BTM, akcTparMpoBaHHOro M3 NpoTOMNacToB, YTo Obin obpaboTaHbl rntoka-
HOM, NoKa3aHo, YTO MH(PEKLMOHHbIV TUTP BUpyca 6bin cHukeH Ha 10-15% Bo Bcex uccnegyemMbix BapmaHTtax (Puc. 2).

%

a

MHeKUMOHHOCTk BUPYC

= nrokan, 100 mkr/mn
= nokaH, 500 mkr/mn

= KoHTponb

Bpems nHkybaumm npoTonnacTos, Y

Puc. 2. Bnusinue rnrokaHa Ha nHdekumoHHocTb BTM B nsonupoBaHbIX npoTtonnacTtax Tabaka

[nioKaH He nMern 3aMeTHOro LIMTOTOKCMYECKOrO BIIMSIHUSA HM B O4HOM U3 UCCredyeMbliX KOHLEeHTpaLummn (PVIC. 3), 4YTO UC-
KItoYaeT BO3MOXHOCTb CHMXKEeHUS buonornyeckon aktueHoct BTM 3a cuet HapyLweHna romeocTtasa KIeTokK.
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Puc. 3. BnusiHnepasHbIX KOHLEHTpaLUil Ha XXU3HeAeATeNbLHOCTb NPoToNacToB Tabaka UHdMUMpoBaHHbIX BTM

Takum obpasom, nonucaxapup, MONyYeHHbIA U3 Mu-
uenua G.adspersum, B cucTeme U30NMPOBaHHbLIX NPOTO-
NnnacToB MMeeT He3HauyuTenbHoe BWSHUE Ha penpoayk-
LMo BMpYCa, NO CPaBHEHWIO C aKTUBHOCTbLIO B cUCTeMe
pacTuTenbHbIX TKaHewn [6]. MockonbKky obpaboTka npoTo-
NnacToB [MIOKAHOM He BIIMSIET Ha WX XM3HECMOCOOHOCTb,
MOXHO cAenaTb BbIBOA, YTO aHTUBMPYCHAsl aKTUBHOCTb
OaHHOro npenapaTa He Bbi3BaHa TOKCUYECKUM 3 EKTOM
UNKn ero cnocobHOCTLI0 akTUBMPOBaTb NPOLECCHl, MPUBO-
aswue Kk rmbenu kneTku.

OfHVM 13 BO3MOXHbIX BAINSIHWI nonucaxapuaa Ha BHe-
KNETOYHbIN BUPYC MOXET OblTb ero AencTBme Ha CTPYKTYpy
BMPVOHOB. [1NA MPOBEPKM TakoM BO3MOXHOCTU Hamu Obino
npoBedeHO  LEHTPUMYrMpoBaHns  CyCrMeHsuM  BUpYC-
nonucaxapug B rpagueHTe MIoTHOCTU caxaposbl. Takomn
npueM no3BonsieT pasfenvTb B3auMOLENCTBYIOLLNE KOMMO-
HEHTbl B 3aBUCMMOCTM OT UX MOIEKYNSPHOM Macchbl. Hamu
ObINO YCTAHOBIEHO, YTO Kak B KOHTPOSbLHOM BapwuaHTe, rae
nonuncaxapug OTCyTCTBOBarn Tak 1 B ONbITHOM (C nonucaxa-
pvAoM) onanecuupyloLlasi 3o0Ha BMpyca MMena oauHakoBoe
nonoxexue. Mpn ueHTpudyrMpoBaHnM BUpyca C nonucaxa-

pvaoM ObINo OTMEYEHO ONanecuUMpyoLLy0 30HY B rpagueH-
Te MIOTHOCTW, KOoTopasi cooTBeTcTBoBana 5% KOHUeHTpa-
uumM caxaposbl, Yero He ObiNo B KOHTpone. [daHHas 30Ha
umerna CBeTNO-KOPUYHEBLIN OKPac, XapaKTepHbIn ANS -
KaHa, B YaCTHOCTW, €ro HM3KOMONeKynspHon dpakumm [3].
Mpn nccrnepoBaHWM KaXaon 30HbI B 3MEKTPOHHOM MUKPO-
cKomne BUAHO, YTO B KOHTPOre B MOfie 3peHnsi MUKpockona
Habnwoganicb eauHUYHbIE BUPUOHBI BTM, koTopble umenu
uenocTtHyto cTpykTtypy (Puc. 4, A). B onbiTHOM BapuaHTe,
BupuoHbl BTM Haxogunuce B 3oHe 15%, koTopas oTBevana
BMpYycy B KoHTpore. [pu uccneposaHun o6pasuos, OTO-
OpaHHbIX U3 BapnaHTa 06paboTaHHOrO rMKaHOM, BUPUOHDI
Obinu paspylieHbl. B none 3peHuns BCTpeyanucb YacTuubl,
nmetowme pasmep meHee 100 Hv (Puc. 4 B, B).

Takvm obpasom, MCXoas M3 pe3ynbTaToB 3NEKTPOHHO-
MWKPOCKOMWUYECKNX UCCNEA0BaHWN, MOXHO cAenaTb BbiBOA,
YTO UccrneayeMblii MoKkaH Npy B3auMOAENCTBUN C BUPYCOM
cnocobeH BbI3BaTb Aerpagaunio BUPUOHOB. [onyyeHHble
pesynbTaTbl MOTYT CIYXUTb OOBACHEHWEM BbICOKOW aHTU-
BMPYCHOW aKTMBHOCTW 3TOro npenaparta npu gobaeneHum
€ro K BUPYCY M MHOKYNSILMM pacTeHui gypmaxa [3].
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Puc. 4. OnekTpoHHasa mukpockonus BTM, nony4yeHHoro c onanecumpyolyei 3oHbl, kKoTopas chopmMuMpoBanacb
nocrne LeHTpUyrupoBaHus B rpagueHTe NiOTHOCTU caxapo3bl:
A —Bupyc nocne ueHTpudyrnpoBaHus 6e3 rniokaHa, b, B — Bupyc nocne LeHTpudyrupoBaHunsi B NpUCyTCTBUM rtoKaHa

MockonbKy U3 nNpeabiayLnx UCCneLoBaHUiA U3BECTHO,
yTo rniokaH G.adspersum nopaBnseT WHMEKLMOHHOCTb
BTM B cucteme pacTuTenbHbIX TKaHEW, a Takke cnocobeH
aKTMBMpPOBaTbL 3alUUTHblE MexaHuaMmbl pacteHun [2, 3],
Nnony4eHHble pe3ynbTaThl MOTYT yKasblBaTb Ha TO, YTO WH-
rmbupoBaHve penpoaykumMm BUpyca He sIBNSIeTCSl OCHOBa-
HMEM aHTMBUPYCHOW aKTMBHOCTM 3TOro npenapata. YacTtu-
YHOE CHWXKEHME penpogykumm Bupyca B npoTonfacrax,
04EeBUOHO, NMPOUCXOAUT TOMBKO 3a CYET BIUSHWUS Npenapa-
Ta Ha BMPYC B KINETKE, @ UMEHHO Ha ero cTpykTypy. Nocko-
NbKY aHTUBMPYCHasi aKTMBHOCTb NpenapaTta Bbille Npu ero
006aBneHnn K MHOKYNSAT Yem Npv OJ4HOBPEMEHHOM BBe[e-
HUWM B UHOKYMAT U KyNbTypanbHyt0 Cpeay, MOXHO caenaTb
BbIBOJ O BO3MOXXHOM BIMSIHUK FTIOKaHa Ha roMeocTas pac-
TUTENbHbIX KNETOK W, KaK pe3yrnbTaT, HEBOCNPUUMYMBOCTb
pacTeHus K BUPYCHUM MHekumsam. OgHako aaHHoe npea-
NonoXeHWe Hy>xaaeTcs B AeTanbHbIX UCCNEA0BaHUSIX.
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