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Despite significant progress in the understanding of the bacteriophage genome
organization, the issues of their ecology and enormous diversity in nature remain
under-explored. The aim of the work was to study the destabilization effect of witches’
broom disease symptom development in plant tissues on the pseudolysogenic endophytic
bacterium Pantoea agglomerans resulting in accumulation of various Iytic bacteriophages.
Materials and methods. The subjects of the research were witches’ broom disease affected
parts of willow plants that were collected at the Nizhne-Dnestrovsky National Nature Park
(Odesa region) as well as in the suburb of Kiev (Goloseevsky district) in the summer
and autumn periods. Endophytic bacteria were isolated from the crushed plant material
by extraction into Luria-Bertani broth. The bacterial and bacteriophage quantity was
estimated according to the standard techniques. Purification and TEM imaging of phage
particles were performed with using of common approaches. Results. Observations show
that witches’ broom disease of willow has massively epidemic character in Ukraine. For
the first time for this disease, the main features of a three-component system: plant —
epiphytic bacterium — bacteriophage were considered. It has been established that the
transformation of plant tissues of Salix alba and Salix babylonica results in significant
changes in the endophytic bacterial consortium with predominance of yellow-pigmented
bacteria P. agglomerans (Pag). This in turn leads to the phage accumulation due to
destabilization of the pseudolysogenic state of Pag in the binary system bacterium - phage.
The number of viruses and their diversity depends on the bacterial host location in relation
to the site of infection. Phages are less common in transformed willow tissues than at the
periphery of the affected branches. In this work, the universal indicator system Pag g157
was proposed which determines up to 50% of specific bacteriophages. The morphology
of negative colonies together with inability to lysogenize the sensitive bacterial cultures
suggested that all isolated phages have an obligatory Iytic lifestyle. A detailed study of
six phage lines classified them as belonging to the Siphoviridae morphotype Bl. The
phage AF6 particles have the heads with the average diameter of 67,11 + 1,87 nm and
the tails of 168,96 + 9,97 nm in length. Conclusions. Thus, a significant quantitative
prevalence of P. agglomerans in the endophytic consortium together with the activation of
pseudolysogeny in this bacterium can be a reliable indicator of local as well as systemic
infections or mechanical damages of tree plants. In this work, approach for studying of
the three-component system: plant — bacterium — bacteriophage has been proposed that
may be helpful for our understanding of infectious processes occurring under interaction
of biological objects with different complexity orders.

Keywords: Salix alba, Salix babylonica, Pantoea agglomerans, “witches’ brooms”,
phage-bacterium system, destabilization of phage system, new lytic phages.
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To date, bacteriophages as well as other viruses are considered as the
representatives of the peculiar world of living beings which differ from
cellular life forms and included in a separate Akamara domain [1, 2]. They
are characterized by an original genetic organization designed basically to
parasitize effectively on their hosts. The general trend of studying viruses within
a separate domain of life has intensified due to the accelerated development
of genomics and DNA sequencing by “new generation methods” [3]. In this
regard, phages are rarely considered in the context of a single two-component
system of virus and cell that exists in the conditions of a permanently changing
external environment. Meanwhile, phage-bacteria systems imply a wide variety
of interactions developing during lytic, lysogenic and pseudolysogenic (the
phage carrier state) types of infections.

Under natural conditions the phage-bacteria system predominantly is in
an equilibrium state, namely in the state of pseudolyzogeny. Uncontrolled
environmental changes cause the phage-carrier state to transform into persistent
or lytic infection; classical lysogeny is possible only in the case of bacterial
population carrying temperate phages [4]. However, conditions and delicate
mechanisms for moving from the carrier state to persistent infection or true
lysogeny still remain unknown.

As it has been previously found massive infection of tree plants caused by
phytopathogenic bacteria Erwinia amylovora destabilizes the phage-bacteria
system [5]. At the same time, there is the emergence of viral populations that
mainly affect the epiphytic microorganism Pantoea agglomerans. Based on
the results obtained, it was made a conclusion about P. agglomerans as a
universal indicator of phage production during fire blight disease development.
In addition, the original causative agent of phytopathogenic infection is not
affected by phages. Probably, it is plant bacteriosis that provokes destabilization
of the P. aglomerans pseudolysogenic state leading to the development of
persistent phage infection.

Thus, based on the obtained data, we can assume that tree plants and their
permanent endophytic satellite, P. agglomerans, are a convenient model for
the study of the pseudolysogenic state and its destabilization with subsequent
phage accumulation. In this regard, the current work aimed to study the phage’s
ability to multiply within P. agglomerans that appear under conditions of tree
damage by various phytopathogenic factors.

Materials and methods. Sampling was carried out in Kiev and in the
Nizhne-Dnestrovski National Natural Park (Odesa region) in the summer
and autumn. Willow tree parts (Salix babylonica and Salix alba) with galls
(“witches’ brooms”) and poplar leaves with insect infestation symptoms were
collected.

To isolate P. agglomerans bacteria, the affected plant parts were treated with
70% alcohol. The crushed plant material was placed into 4 ml of LB medium
and incubated at 4°C for 18 hours. Next, bacteria were plated on solid LB
medium and incubated at 28°C. The appearance of colonies was observed after
2 days. Yellow pigmented, shiny colonies of P. agglomerans were selected
for further work. Preliminary identification of P. agglomerans strains was
performed by gas chromatography analysis of the fatty acid composition,
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based on the ability to ferment sugars, spectrophotometric determination of
carotenoids [6] and, in some cases, phage typing with P. agglomerans-specific
phage KEY and its variant (KEY/25) [7].

Phage isolates were obtained from 1 ml of the initial samples, to which
100 pl of chloroform was added and the samples were then centrifuged for
10 minutes at 11,000 rpm in an Eppendorf centrifuge. The collected superna-
tant was taken for the original phage isolate.

The isolated phages were cloned (up to 6 times) on the sensitive strains of
P aglomerans. All phage isolates were active against the tested P. agglomerans
strains g157 (isolated from fish, England) and g157/RI (phage-resistant variant
of strain g157).

Bacteria and their accompanying bacteriophages were isolated similarly
from unaffected parts of plants and together with the collection strains of
P agglomerans (Pag) g157, g157/RI, g150, 9/7-2 and 28/2-1 were used in
control experiments.

For phages from primary phage isolates, phage host range and efficiency
of plating on the Pag strains were determined using the standard double layer
agar plate method.

The preparations of viral particles were obtained by the confluent lysis after
phage cloning on two strains of P. agglomerans g157 and g157/RI, with the
highest phage sensitivity. The obtained earlier preparation of phage KEY/25
[7] was used for comparison.

For electron microscopic studies, phage particles purified in a CsCl gradi-
ent were used. The phage samples were adsorbed to carbon-coated nitrocel-
lulose grids for 20-40 minutes and stained with 2% uranyl acetate. The studies
were performed using the JEOL JEM 1400 transmission electron microscope.
Phage particles were measured on microphotographs using Imagel and Adobe
Photoshop CS5 software, the schemes were built in Adobe Illustrator CS5, and
statistical analysis was performed in Excel.

Results and discussion. The main material for the research was the parts
of S. babylonica and S. alba affected by “witches’ brooms” (Fig. 1). The plant
material with disease symptoms was collected in Kiev and on the Turunchuk
River bench within the Nizhne-Dnestrovsky National Natural Park (Belyaevka
town, Odesa Region) in the summer and autumn period.

Despite the considerable distance from each other (about 500 km), the
willow tree damage did not differ in both regions of Ukraine. Initially, “witches’
broom” damage looks like a proliferation of elongated threads from the plant
bud that acquires a spherical shape over partial differentiation (Fig. 1, 1 —4).

To date, the symptomatology of this massive willow disease is unknown
and requires a detailed study. However, it can be stated unequivocally that the
result of the disease is an extensive transformation of plant tissues.

By analogy with fruit trees affected by a fire blight disease [5], we suggested
that “witches’ brooms” could be a source of bacterial viruses. As it was pre-
viously shown, the endophytic bacterium P. agglomerans can be use as the
universal indicator for phages of various phytopathogens [8].

Thus, it may be appropriate to consider the phage and P. agglomerans iso-
lates selected from the same local lesion as a binary, involved phage-bacterium
system.
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Fig. 1. The gall-lesions («witches’ brooms») of willows (Salix alba). 1 — 3 — general view
of affected plants and 4 — the separate lesion of S. alba

Further, we have assumed that this binary system may be in a state of pseu-
dolysogeny, when the plant or its parts are healthy, whereas “witches’broom”
damages should generally destabilize this state. Therefore, the number of endo-
phytic bacteria was primarily compared between the tissues of different stems
(affected and without visible disease symptoms). In this case, initial recogni-
tion of representatives of P. agglomerans is not a challenging task, since it can
be done through determining the quantity of well-marked yellow-pigmented
colonies in contrast to unstained colonies of other endophytic and contaminant
microorganisms.

Our observations have shown that the development of «witches’ brooms»
symptoms in two willow species (S. babylonica and S. alba) takes place with-
out visible differences and consists of four stages. The initial stage (stage 1) is
associated with the appearance of separate stem-shaped thin and long enough
growths in the internodes of plant branch. These growths have highly reduced
leaf blades (Fig. 2, a).

Fig. 2. Witches’ brooms on willow: a — stage 1, the separate stem-like thin and and long
enough growths in the internodes of plant branch, b — stage 2, the spherical or ellipsoid
dense growth , ¢ — stage 3, d — stage 4, the wilting of growths that acquire yellow or
gray-black color; C — the control samples are the unaffected parts of the plants
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In the second stage, branching is significantly enhanced leading to the for-
mation of a spherical or ellipsoid dense growth (Fig. 2, b). At these two stag-
es, the growth actually reminds the “broom” with rich green color. Next, the
“broom” begins to turn yellow and the peripheral part of the affected branch
loses leaves (stage 3). The last (fourth) stage is characterized by the complete
wilting of growths with acquisition of a yellow or gray black color. The affect-
ed branch dries out completely and becomes brittle. The peak development of
the witches’ broom disease clearly correlates with the increasing of metabolic
rate in gall formations. It can be assumed that the process described above may
destabilize the microbial community at the site of symptoms formation. In
order to verify this hypothesis, isolates of endophytic bacteria were extracted
directly from the galls with the second or third symptoms formation stage.

The same order willow branches without visible witches’ broom disease
symptoms were used as a control (Fig. 2, a and b — C). Our numerous studies
show that any bacterial association isolated from the lesions of the any plant
contains pigment producing bacteria. The results of current study have fully
confirmed this position. In contrast to control samples, all three isolates contain
an increased number of yellow-pigmented bacteria (Table 1). Although one
control sample (sample No. 2) appeared to be an outlier, since the fraction of
yellow-pigmented bacteria was 0.15. This number is 4.7 times less than in the
test sample isolated from affected plant with the second symptoms develop-
ment stage (Table 1).

Table 1
Characteristics of bacterial isolates from S. alba with symptoms of
“witches’ broom” disease
Bacterial isolate from control (C) and test samples (O)

Characteristic Nel No2 Ne3 No4*

C (0] C (0] C (0] C (0]
CFU ** /cup /3 uL 0 110 80 100 35 102 31 277
The proportion of yellow-

) ) 0 0,22 | 0,15 | 0,70 0 0,23 | 0,16 | 0,50
pigmented colonies

Place of selection /

I 11/2 I 11/2 I /3 I 11/2

the stage of damage™**
* — Insect-affected Populus alba bacterial isolate (with visible thin bites) was used as a positive control.

** — CFU colony forming unit. *** — sites of sampling of the stem (leaf) without visible damage (I) or

transformed/infected tissue (II) at the intermediate (2) or late stage (3) of disease (see Fig. 2).

In the case of a positive control study, the poplar leaves with and without
signs of multiple insect bites were used (Fig. 3). The number of yellow-
pigmented bacteria was considerably higher in the damaged leaf extract than
in the extract obtained from unaffected leaf (Table 1).

Thus, the presented results show that the transformation of S. alba tissues
leads to significant changes in the endophytic bacterial consortium. It is easily
detected by the ratio of unstained and yellow pigmented bacteria; the last
microorganisms noticeably prevalent in the experimental plant extracts. This
phenomenon is most likely characteristic of many lesions of various plant parts
(see sample number 4, Table 1, and also [9]).
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C

Fig. 3. Insect- damaged leaf of silver poplar (Populus alba): C — control sample

The following criteria were used for the preliminary genus and species
identification of yellow pigmented bacteria: the ability to ferment sugars, the
qualitative and quantitative composition of cellular fatty acids, the presence
and type of carotenoids, and the plasmid content of bacterial cells (data not
shown, private communication Gorb T.E. ). The tested bacteria were classified
as P. agglomerans (Pag) (Fig. 4), these criteria were applied in subsequent
studies.

Fig. 4. Microbial diversity of the gall-lesions of S. babylonica (a and b):
c and d - P. agglomerans strains (pigmented and depigmented variants)

We further suggested that there should be processes in affected tissues
changing not only the endophytic consortium, but also phage populations,
which typically accompany the individual bacterial community members.
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In order to verify this assumption, chloroform-threated and centrifuged iso-
lates (No. 1-4, Table 1) were applied onto agar plates with lawns of the Pag
9/7-2, g157, g157/R1, g150 collection strains and the Pag strains obtained in
this work (No. 20, No. 40 and 1, 2, 3, see below). In a group of indicator
strains consisting with 4 collection strains and strains No. 20, No. 40 (Table 1),
the control phage KEY/25 forms clearly distinguishable plaques except for
strain No. 40. Under application of isolates to the lawns of 6 different indi-
cators, the spots of lysis were observed in about half of the cases (21 of 48),
but subsequent passages did not result in individual plaque formation and the
spots of lysis disappeared. Perhaps the cells of indicator strains are responding
to the presence in samples of phytoncides or other similar factors. As can be
seen from the table 2, only sample [-30 contains viable phage particles which
propagate on the Pag 9/7-2 strain.

Thus, despite the significant prevalence of P. agglomerans in transformed
tissues of S. alba in comparison with other endophytes (Table 1), the
P agglomerans-infecting phages are extremely rare in the places of general
virus-host localization: their frequency of occurrence is only 0.002.

For more detailed studies, a set of indicator cultures was supplemented by
three additional Pag strains I, I1, and III (Table 2). It turned out that the increase
in the number of indicators raises the frequency of phage detection more than
3 times and is about 7 %. This trend may indicate that bacteriophages appear
with the changing of bacterial consortium and represent the great diversity.

On the other hand, the number of phages may also depend on the bacterial
host location relative to the infection site. Therefore, we studied the sample
taken at the periphery of affected brunch and at the considerable distance from
“witches’ broom”, with the third stage of symptoms development (see above).
This sample has demonstrated clear positive results on the Pag g157, g150
and II indicators (Table 2). Taking this into account, the frequency of phage
detection was 9 % in the group of 9 indicator cultures and 9 phage isolates.

The phage-sensitive strains chosen as indicators can be divided into
4 groups (Table 2). In this group the [-20 and I-40 strains isolated from S. alba
and P. alba, respectively, were the least sensitive to tested phages. The phage
sensitivity of both strains was 6.3 %.

The phage sensitivity of the Pag laboratory strains 9/7-2 and g150 as well
as in strain III was at the level of 12.5 %. It is interesting that strains I and
IT isolated from S. babylonica was found to have sensitivity of 25 %. Two
lysogenic strains, g157 and g157/RI, were the most sensitive strains, while
the P agglomerans strain gl57 can be considered as a universal indicator for
P agglomerans-infecting as it have been previously shown in our studies [9].

With this indicator, the phage presence was determined in 7 out of 16 isolates
that is close to the 50 percent sensitivity. For this reason, it is strain gl157
that was used for obtaining of pure phage lines through six. P. agglomerans-
infecting viruses isolated from witches’ broom disease affected willow plants
have lytic phages plaque morphology.

Each negative colony of all six cloned lines consists of an absolutely clear
center and a wide halo (Fig. 5).

Purified phage particles obtained after differential centrifugation and a step
gradient were used for electron microscopic studies.
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Fig. 5. Negative colonies of phage clones on the lawns of P. agglomerans g157. Initial
phages were obtained from isolates 3 (a), 4 (b) and 6 (c)

All six phages had a typical Bl-morphology and were assigned to the
Syphoviridae family. The peculiarity of these viruses is the special structure of
the basal plate close to that of the KEY phage [10]. The sizes of the heads (the
distance between the opposite apexes) of the AF6 phage are 67,11 + 1,87 nm,
and the length of their tail processes is 168,96 + 9,97 nm, respectively (Fig. 6).

Fig. 6. Electron micrographs of AF6 phage (a, b, c and d) contrasted with 2% uranyl
acetate. The scale bars correspond to 50 and 100 nm

Discussion. Our observations show that willow damage by witches’ broom
disease reached epidemic proportions in Ukraine independently of the natural
and climatic conditions as well as geographical region (Fig. 1). In this regard,
the disease is of interest for environmental studies.

In this work, the main features of a three-component system: plant — epi-
phytic bacterium — bacteriophage was examined for the first time. As a model,
willow plants of two species S. alba and S. babylonica were collected from
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two extreme regions of Ukraine, the northern (Kiev) and the southern (Odesa
region), respectively. This approach allowed us to note two basic patterns. It
has been shown that the transformation of willow tissues caused by witches’
broom disease leads to significant changes in the quantitative composition of
endophytic bacteria with predominance of yellow-pigmented bacteria P. ag-
glomerans (Table 1). And at the same time, there is pseudolysogeny in this
three-component system which activation provokes accumulation of P. agglo-
merans-specific bacteriophages.

On the basis of these observations, P. agglomerans and its lytic bacterio-
phages can serve as indicators of local as well as systemic plant infections. As
we have shown early, P. agglomerans-infecting phages together with phage
KEY of E. amylovora accumulate in fruit tree tissues possessing the symptoms
of fire blight disease [9, 11]. Thus, we assumed that the detected phenomenon
can be widespread. In this work, we also found that insect caused mechani-
cal damages of poplar leaves leads to an increasing the absolute number of
P. agglomerans and the appearance of significant number of associated bacte-
riophages in the plant tissue (Tables 1 and 2).

In this report, we introduced the concept of a “universal indicator bacte-
rium” which means the P. agglomerans strain with ability to determine the
greatest number of phages, typical for tree tissues with local or systemic infec-
tion. A certain set of such strains with maximum phage sensitivity can be used
for the maximum phage screening in perspective.

To date, the ecology of bacterial viruses is more studied for marine phage-
bacterial communities [12]. Ecological studies of plant associated bacteria are
rare [13]. Therefore, with a view to the future, the proposed new three-compo-
nent system: plant — bacterium — bacteriophage will expand general knowledge
about infectious processes occurring during complex interaction of various
biological objects.

JECTABUIIBALIIA CUCTEMU ®AT'-BAKTEPIS ITPU
BAKTEPIAJIBHUX IHOEKIIAX Y JEPEBHUX POCJINH

@.1. Tosxay!, I' L. ZKymincoka’

Tnemumym mikpo6ionoeii i éipyconoeii in. /I.K. 3ab6onomnoeo HAH Vkpainu,
8yn. Akaoemika 3abonomuoeo, 154, Kuis, 03143, Ykpaina
2O0ecvruil HayionanvHuil yHisepcumem imeni 1.1 Meunukosa,
eyn. Jleopanceka, 2, Odeca, 65082, Vkpaina

Pesome

HesBaxxaroun Ha 3Ha4HI yCIIiXH B PO3yMiHHI F€HOMHOI oprasizauii 0akTepiaibHUX
BipyCiB, HEBUPILICHHUMH 3aJIMIIAIOTHCS POOJIEMH iX €KOJIOTIT 1 BEJIMYE3HOTO PI3HOMAHITTS
B mpupoai. MeTa pobOoTu moisrana y BUBYCHHI AecTabimizamii mceBaomi3oreHii enmo-
¢itHOi OGakrepii Pantoea agglomerans npu po3BUTKY B POCIMHHHX TKaHWHAX BepoOM
CHMIITOMIB XBOPOOH «BiZIbMUHA MIiTJIa», SIKE IIPU3BOJUTH JI0 HAKOTIMYEHHS PI3HOMaHITHUX
nmitnaHuX OakTepiodari. Marepiaau i metoan. O6’ekTaMu TOCTiKeHD Oyl 9aCTHHU
pociuH BepOH, ypaXkeHi XBOpoOOIo «BiIbMUHA MiTiIa», BifiOpaHi B HUKHEAHICTPOBCEKOMY
HalllOHAJILHOMY TPUPOJHOMY 3anoBifHuKy (Onecbka obnacTh) 1 Ha okonuni M. Kuesa
(TomociiBckuii paifoH) BIITKY Ta BoceHH. EHmodiTHI OakTepii BUALISIN michs moapio-
HEeHHs Marepiaity 1 ioro excrpakuii B pinke cpegosuine LB. O6mik kitbkocTi OakTepii i
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OakrepiodariB MPOBOAMIN CTAHAAPTHO. JIJI OUUCTKH 1 €JICKTPOHHO-MIKPOCKOIIYHOI Bi-
3yasizarii (paroBuX 9acTOK BHKOPUCTOBYBAIX 3araJlbHONPHUIHATI miaxoan. Pe3yabraru.
CriocrepeXeHHsI TIOKa3yIoTh, 110 BPaXEHHs BEpOM «BIIbMUHUMH MiTJIIaMH» Ha YKpaiHi
HOCHUTb MacoBHH emiieMiuHuid Xapakrep. J{ys 1iei XBopoOu Brieplie po3nIsiHyTO OCHOBHI
0COOIHMBOCTI TPHOXKOMIIOHEHTHOT CHCTEMH: POCTHHA — emi(iTHa OakTepis — OakTepiodar.
Bcranosneno, mo tpancdopmais TkaHHH pociuH Salix alba 1 Salix babylonica nipu3Bo-
JTh JI0 CYyTTEBOI 3MiHM eH0(iTHOr0 OaKTepiaIbHOrO KOPCOPLiyMy, B IKOMY CHOCTEpi-
Tae€ThCS HAUJIMIITKOBA KiJIBKICTH JKOBTO-TIITMEHTOBaHO1 OakTepii P. agglomerans (Pag). B
CBOIO 4Uepry Iie IPU3BOANTH J0 HaKOMWYEHHs OakTepiogariB 3a paxyHOK jaecralimizamii
TNICEBJIONII30TeHHOTO cTany Pag B OiHapHill cucremi Oakrepis — dar. KijbkicTe BipyciB i
iX pi3HOMaHITTS 3aJIe)KUThH BiJ MICII JIoKasi3amii 6akTepii-xa3diHa Mo BiHOIIEHHIO 110
Boruuma indekuii. B TpanchopMoBaHuXx TKaHMHAX BepOM (aru 3ycTpidaroThCs HE TakK
4acTo, SIK Ha nepidepii ypakeHuX riiok. B podoTi 3arpornoHoBaHo yHiBepcalibHy iHANKa-
TopHY cucteMy Pag gl57, 3a noromororo sikoi Moxe Oytu Bu3HaueHo 50 % crnenudidanx
Oakrepiogaris. [To MopdoroTii KOIOHIH 1 IO HECTIPOMOKHOCTI JI0 JTi30T€HI3aIlil 9y TIIMBUX
KyJIBTYp BU3HA4Y€HO, LI0 BCi BULICH] (haru € cTporo JiTHYHUMU. JleTanbHe 10CHiKeH-
HA mecTH (paroBUX JiHIA MMOKa3ajo, IO BOHM MPEACTaBICHI OakTepiodaraMu poguHu
Syphoviridae, sixi Binnocatscs 10 B1-mopdorumy. Cepeaniit niamerp (aroBux Karcuuiis
st ara AF6 ckmanas 67,11 + 1,87 HM, a 1oBKHHA H1Oro XBOCTOBOTO BipocTka — 168,96 +
+ 9,97 um. BucHoBku. Takum 9rHOM, 3HAYHE KUTbKiCHE MTpeBafoBaHHA P. agglomerans B
eHIO(ITHOMY KOHCOPIIiyMi, 8 TAKOXK aKTHBAIIis IICEBIOJI30TeHIT i€l OakTepii MOXe CIry-
ryBaTH HaJlIHUM [TOKa3HUKOM HE TUIbKH JIOKAJIBHUX, a i CHCTEeMHUX 1H]eKIIii ado Mexa-
HIYHUX YPaXXCHb ACPEBHUX POCIUH. 3alIpONOHOBAHUI B pOOOTI TiAX1 A TOCHTIHKEHHS
TPHOXKOMITOHEHTHOI CHCTEMH pOCIHMHA — OakTepish — 6akrepiodar MoXKe B MEPCICKTHBI
PO3LIMPUTH 3arajibHe YSIBJICHHs PO iHQEKUiHHI MpoIecH, sKi NPOTIKaloTh Ha PiBHI B3a-
emoii mpu y4dacTi 610I0TIYHHX 00’ €KTIB Pi3HUX PiBHIB CKIATHOCTI.

Kittouosi crioBa: Salix alba, Salix babylonica, Pantoea agglomerans, «BiIbMUHI MiT-
m», cucteMa (ar—0oakrepis, gecrabinizamis GaroBoi cuctemMu, HOBI JIiTHYHI (ary.

JECTABMJIN3AIUSA CUCTEMbBI ®AT-BAKTEPUS
INPU BAKTEPUAJIBHBIX HTHO®EKIUAX Y IPEBECHBIX
PACTEHMU

@.U. Toskau', A.H. Kymunckan’

! Hnuemumym muxpoouonozuu u eupyconozuu um. JI.K. 3abonommnozo HAH Yrpaune,
yn. Akademuxa 3abonomuoeo, 154, Kues, 03143, Ykpauna
200eccruil nayuonanohwlil ynueepcumem umenu U.H. Meunukosa,
yn. Jleopsinckas, 2, Odecca, 65082, YVkpauna

Pesrome

HecMoTpst Ha 3HaUHUTENBHBIC YCIIEXH B TOHUMAaHUHM T€HOMHOH OpraHU3aIuy OakTe-
PHAJIBHBIX BUPYCOB HEPEIICHHBIMU OCTAFOTCS MPOOJIEMBI MX SKOJIOTUU U OTPOMHEUIIIETO
paszHooOpasus B npupoae. Lleab paboTel cocTosia B U3yUYeHUH 1eCTa0UITH3AIUH TICEBIIO0-
TU30TeHUH SHA0GUTHOH OakTepuu Pantoea agglomerans Ipu pa3BUTHN B PACTUTEIBHBIX
TKaHSIX UBBI CHMIITOMOB OOJIC3HU «BEIbMHIHA METIa», KOTOPOE MPUBOIUT K HAKOTLICHHIO
pPa3HOOOPa3HBIX JTUTHYECKUX OakTeprodaroB. Marepuanabl U MeToAbl. OOBEKTaMU HC-
CJIeZIOBaHUH OBLTN YacTH PACTCHUH UBBI, TOPaKCHHBIE 00JIE3HBIO «BEABMIUHA METIIA, OTO-
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OpanHble B HMKHEIHECTPOBCKOM HALMOHAIBHOM NPHUPOAHOM 3aroBenHuke (Onecckas
obmacTp) u Ha okpanHe T. Kuesa (I'omoceeBckuii paifoH) B JIETHHH M OCEHHUI TEPHO/BI.
OHoduUTHBIE OAKTEPHH BBIACISIIN TTOCIIC U3MENBICHHS MaTepHala U €ro SKCTPAKIUHU B
x)unkyro cpexy LB. Yuer xonndectBa 6akrepuii u 0akTepruodaroB mpoBOAMIN CTaHIAP-
THO. J[JIs1 O4MCTKN M 3JIEKTPOHHO-MHKPOCKOIIMUYECKON BU3yalu3aluy (ParoBbIX YacTHUI]
HCTIOJIB30BAIIM OOIIETIPUHATHIC MMoAX0bl. Pe3yabraTrhl. HabmoneHust MOKa3bpIBaIOT, 4TO
NOpaKEHHE UBBI «BEIbMUHBIMUA METJIaMU» Ha YKparHE HOCUT MAaCCOBBIH AMUAEMHYECKHIA
xapaktep. [t 370l 60Ne3HN BIIEPBBIE PACCMOTPEHBI OCHOBHBIE 0COOCHHOCTH TPEXKOMITO-
HEHTHOHM CHCTEMBI: pacTeHue — anmduTHas Oakrepust — 6akrepruodar. YCTaHOBJIEHO, 4TO
Tpanchopmarnus Tkauel pacrenuit Salix alba v Salix babylonica TpUBOIUT K CYIIIECTBCH-
HOMY U3MEHEHUIO SHAO(PHUTHOTO OaKTepHAIEHOTO KOPCOPIIMYMa, B KOTOPOM HaOIFONaeTCs
N30BITOYHOE KOJIMYECTBO JKEJITO-ITMIMEHTHPOBaHO# Oakrepun P. agglomerans (Pag). B
CBOIO OY€pe/lb ITO MPUBOJUT K HAKOIUICHUIO OakTeprodaroB 3a cHeT JecTa0MIN3aN
TICEB/IOJIN30TEHHOTO COCTOSHUS Pag B OmHapHOU cructeme Oaktepus — ar. Kommaectso
BHPYCOB M X pa3HOOOpa3ue 3aBUCHUT OT MECTa JIOKaJIM3alui OaKTepHH-X03HUHA 110 OT-
HOIICHHIO K o4ary uHdekuu. B TpancopMUpoOBaHHBIX TKaHSX WBBI (hard BCTPEUAIOTCS
HE TaK 4acTo, KaK Ha epru(eprn MopaxeHHbIX BETOK. B pabote npenioxena yHuBepcaib-
Hasl MHAUKaTopHas cuctema Pag g157, ¢ TOMOIIBIO KOTOPOH MOXKET OBITh ONpeJesIeHO
50 % crneundudeckux dakreprodaros. [1o Mophosoriuu KOJIOHHNA 1 IO HECITOCOOHOCTH K
JIM30T€HU3ALNH 9yBCTBUTEIBHBIX KYJIBTYD OIPEAEICHO, YTO BCE BBIACICHHbIC (hark sSBIIs-
I0TCSI CTPOTO JINTHYECKNMH. /leTanbHOe HCeCieIoBaHNE MIeCTH (aroBbIX JIMHUHN MOKA3aIlo,
YTO OHU MPEICTABICHBI OakTeprodaramu cemeiictsa Syphoviridae, oTHOCAIIMMUCS K B1-
Mopotury. CpenHuii auameTp (aroBeIx KancumoB st ¢ara AF6 cocrasmser 67,11 +
+ 1,87 HM, a JUTMHA €0 XBOCTOBOTO OTpocTKa — 168,96 £+ 9,97 HMm. BeiBoabL. Takum 00-
pa3oM, 3HaUMTENIBHOE KOJIMYECTBEHHOE NpeBalinpoBanue P. agglomerans B S3HAOPUTHOM
KOHCOPIIMYME, a TaK)Ke aKTHUBALNs IICEBJOIN30T€HUH 3TOI OaKTEpHH MOXKET CIYKHUTh
Ha/ICXKHBIM TOKa3aTeJIeM HE TOJBKO JIOKAJIBHBIX, HO U CHCTEMHBIX MH()EKINH 1iIn Me-
XaHUYECKUX MOPAXKEHUH ApeBeCHBIX pacTeHui. [IpeanoxeHHslil B pabote moaxox s
HCCIICIOBAHNS TPEXKOMIIOHEHTHOW CHCTEMBI pacTeHHe — OaKkTepus — OakTeprodar MOKeT
B IIEPCHEKTUBE PACIIMPHUTH 00IIee NMpecTaBiIeHrne 00 MHPEKIIMOHHBIX Tpoleccax, Mmpo-
TEKaIOIMX Ha YPOBHE B3aHMMOJICHCTBHI C y4acTHEM OMOJIOrMYecKHX 0ObEKTOB pa3HBIX
TIOPSIIKOB CIIO’KHOCTH.

Kurouesvie crosa: Salix alba, Salix babylonica, Pantoea agglomerans, «BeIbMIHBI
MEeTIIbD», cucTeMa (ar-6akrepus, Jecradmimzanys GparoBoil CHCTeMbl, HOBbIE JIUTHYECKHE
¢arn.
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