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GENERAL CHARACTERISTICS OF THE WORK

Relevance of the work. Plant products can transmit dangerous phytopathogenic bacteria that
can cause the loss of up to 100% of the yield of valuable crops and thus lead to significant economic
damage. Due to the high phytosanitary risk, such bacteria are included in the list of quarantine objects
and regulated at the legislative level. At the same time, one of the tasks of the federal project "Export
of Agricultural Products” is "Elimination of trade barriers (tariff and non-tariff) to ensure access of
agricultural products to target markets”. With regard to Russian grain products, a non-tariff barrier that
impedes international trade may be pathogens of bacteriosis regulated by the phytosanitary
requirements of importing countries. The list of regulated species includes Pseudomonas fuscovaginae,
Pseudomonas syringae and Xanthomonas translucens, and another species, Rathayibacter tritici, is a
quarantine object for the countries of the Eurasian Economic Union, which includes the Russian
Federation. Total volume of exports of grain crops to importing countries for which P. fuscovaginae,
P. syringae (pathovars syringae, atrofaciens, coronafaciens and lapsa), X. translucens (pathovars
translucens, undulosa, graminis, cerealis and secalis) and Rathayibacter tritici are of phytosanitary
importance, — Turkey, Egypt, South Africa, Israel, Kazakhstan and others, is more than 25 per
year million tonnes. In order to carry out phytosanitary control of bacteriosis, samples from batches of
imported and exported products are subject to laboratory diagnostics. Due to the above reasons, there
is a need to develop and optimize methods for detecting and identifying pathogens of bacteriosis of
grain crops, which are significant for the import and export of grain products.

The degree of development of the topic. At the beginning of the study, there were no approved
for Russian Federation guidelines for the detection and identification of pathogens of bacteriosis of
cereal crops — P. fuscovaginae, P. syringae (pathovars syringae, atrofaciens, coronafaciens and lapsa)
and X. translucens (pathovars translucens, undulosa, graminis, cerealis and secalis). EXisting
guidelines for the detection and identification of R. tritici do not allow for reliable and rapid diagnosis
of the causative agent of yellow mucosal bacteriosis. Scientific articles contain a description of
molecular genetic diagnostic tests that require mandatory approbation and applicability assessment. In
laboratories on the territory of the Russian Federation, the identification of bacterial species significant
for grain export is carried out by isolation on media and assessment of the morphology of colonies, but
without molecular analysis, these methods are unreliable even with the successful isolation of bacteria
with morphologically similar colonies. Information in the literature on the distribution of the studied
bacteria in the territory of the Russian Federation is based mainly on visual examinations and methods
of classical microbiology. that are not sufficient for reliable identification.

Purpose and objectives of the research. The purpose of the research was to develop and
optimize methods for the detection and identification of bacterial pathogens significant for the import
and export of grain products by the Russian Federation.

To achieve the goal, the following tasks are set:

1. Collection of plant samples in different regions of the Russian Federation and examination
for the presence of DNA of Rathayibacter tritici, Pseudomonas fuscovaginae, Pseudomonas syringae
and Xanthomonas translucens.

2. Development of PCR -based diagnostics for the identification of Xanthomonas translucens.

3. Determination of the optimal nutrient medium for isolation of Rathayibacter tritici.

4. Optimization of seed sample preparation for simultaneous detection and identification of
Rathayibacter tritici, Pseudomonas fuscovaginae, P. syringae pv. coronafaciens and X. translucens pv.
translucens.

5. Characterization of bacterial microbiota in the plant samples from Moscow, the Stavropol
region and the Republic of Crimea.

Scientific novelty. Plant samples of cereal crops from several regions of the Russian Federation
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were examined for bacterial infection by molecular methods; the presence of DNA of X. translucens
and P. syringae was confirmed. X. translucens, and new primers for PCR analysis of this species were
developed. An improved method of preparing grain samples and identifying pathogens made it possible
to reduce the analysis time to 6 hours. The bacterial microbiota of grain crops in the phytocenoses of
Moscow, the Stavropol region and the Republic of Crimea was studied by microbiological and PCR
methods.

Theoretical and practical significance of the work. The available information on bacterial
species important for grain import, including nomenclature, biology, distribution data, phytosanitary
status, affected crops and diagnostic methods, was collected and summarized. Sample preparation
processes, methods of isolation of cultures and PCR tests were tested and optimized. The applicability
of some PCR tests was assessed. The results of the research were used in the development of
methodological recommendations of the FSBI "VNIIKR" for the detection and identification of
pathogens bacteriosis of grain crops, which have now been put into operation and recommended for
use by testing laboratories in the territory of the Russian Federation.

Research methods and methodology. The molecular-genetic, cultural and biological methods
used in the work are both a means of obtaining experimental data and the object of the study itself. The
results of complex 4-year experimental studies were obtained using generally accepted methods,
GOSTs, modern molecular-genetic, cultural-morphological and biological methods of analysis,
statistical analysis and various methods of interpretation of the results.

Provisions submitted for the defense of the dissertation:

1. New PCR tests have been developed to identify Xanthomonas translucens.

2. Rathayibacter tritici, Pseudomonas fuscovaginae, Pseudomonas syringae and
Xanthomonas translucens were identified in samples of grain crops from Moscow, the Republic of
Crimea and the Stavropol region.

3. The identification of cultivated bacteria from plants of grain crops collected in Moscow,
the Republic of Crimea and the Stavropol region was carried out.

4. The seed sample preparation process has been optimized for the detection and
identification of Rathayibacter tritici, Pseudomonas fuscovaginae, Pseudomonas syringae and
Xanthomonas translucens.

Degree of reliability. The research was carried out according to well-known methods. All
conclusions and recommendations for production are confirmed by experimental studies, statistical
processing of the results obtained.

Approbation of the results of the work. The results of the research were presented at 3
international scientific conferences: the 20th All-Russian Conference of Young Scientists, dedicated
to the memory of Academician of the Russian Academy of Agricultural Sciences Georgy Sergeevich
Muromtsev, Moscow, October 27-29, 2020; the International Scientific Conference "Plant
Protection in the Context of the Transition to Precision Farming", Institute of Plant Protection, Priluki
(Republic of Belarus), July 27-29, 2021; the 11th International Scientific and Practical Conference
"Biological Defense plants are the basis for stabilizing Agroecosystems”, Krasnodar, September 12—
16, 2022;

Publishing. The main results of the research carried out in the framework of this dissertation
work are published in 9 publications, including 2 articles in the international citation databases
Scopus/WoS, 1 article in a peer-reviewed publication recommended by the Higher Attestation
Commission of the Russian Federation and 1 article in other journals.

Personal contribution of the author. The work is the result of original research. The
dissertator personally participated in all the experimental works presented in the dissertation, carried
out analytical processing of the data obtained, reviewed literary sources, participated in the preparation
of publications.
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Scope and structure of the work. The thesis is presented on 193 pages. It consists of an
introduction, the main part containing 54 figures, 31 tables, conclusions, a list of references (includes
142 titles), accepted abbreviations and 15 appendixes.

MAIN CONTENT OF THE WORK

Chapter 1. Literature review

This chapter provides information on the studied pathogens of bacteriosis, provides information
on existing methods for diagnosing bacteriosis, as well as molecular methods for identifying bacterial
pathogens. The importance and relevance of the features of international trade in grain products
between the Russian Federation and other countries is highlighted.

Chapter 2. Materials and methods

Materials

The study materials included 38 bacterial strains from foreign collections and the collection of
the Federal State Budgetary Institution "VNIIKR", 181 samples of grain plants, 434 bacterial isolates
from grain crops, as well as 171 genomic assemblies of bacteria of the genus Xanthomonas obtained
from NCBI GenBank.

Collection of plant samples in the regions of the Russian Federation in order to identify
and identify objects of study, as well as to form a collection of pathogenic and non-pathogenic
microbiota of grain crops.

Samples were collected randomly during the growing season. A chlorine solution was used to
clean and disinfect gloves and tools before each collection of plant samples. The collected samples
were placed in a plastic bag with paper filters, sealed and labeled. If there was information about the
varieties, it was recorded. For each gathering point, the coordinates were recorded. The collected
samples were delivered to the laboratory and stored for no more than a week at a temperature of 2-8
°C.

Preparation of plant samples

An analytical sample (microbiota suspension) was prepared from each sample of plant tissue in
the laboratory. 5 g of plant tissues were chopped and 30 mL of phosphate buffer saline (PBS) was
added. The sample was then shaken on a Unimax 2010 orbital shaker (Heidolph, Germany) at 200 rpm
for 45-60 minutes. After filtration, the extracts were centrifuged for 10 min at 4 °C and 10000 g on an
Allegra X-30R centrifuge, Beckman Coulter, Denmark. The supernatant was removed and the
precipitate was resuspended in 1 mL of PBS, and the resulting suspension was an analytical sample.
200 pl of this sample was used for DNA isolation and inoculation on culture media, and two drops of
glycerol were added to 600 pl and stored at a temperature of -18 °C for future use.

Optimization of seed sample preparation

Weights of wheat grain, each weighing 25+0.2 g, were transferred to homogenization bags and
54 mL of PBS were added. The bags were placed on an orbital shaker and left at 100 rpm for 2 h. 6 mL
of one of the dilutions of the bacterial suspension: 2, 3, 4, or 5 strains of 0337 X. translucens pv.
translucens, 0378 R. tritici, 0335 P. fuscovaginae and 0440 P. syringae pv. coronafaciens. The
concentration of bacterial suspensions was determined by the Koch method. One of the bags was left
uninfected as a negative control. After 2 hours, the contents of the bags were processed in a
homogenizer (BagMixer 400SW, Interscience, France) at a mode of 4.5 minutes. Then the bags were
placed on a shaker at 100 rpm for 15 min. The liquid part of the homogenate was transferred to
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centrifuge tubes with a capacity of 50 ml and centrifuged at a mode of 5 min., 1200 g. 4 °C. The
supernatant was transferred to clean centrifuge tubes and centrifuged again for 10 min at 10000 g and
4 °C. After the second centrifugation, the supernatant was removed and 1 mL of PBS was added to the
sediment, shaken on a vortex, and the resulting analytical sample was transferred to a microtube. To
isolate DNA, 200 pl of each analytical sample was used in double repeat, as well as 200 pl of 3, 4, 5,
and 6 dilutions of bacterial suspensions in PBS. Classical PCR and real-time PCR (RT-PCR) were
performed in isolated DNA using species-specific primers.

Isolation of bacterial cultures

Analytical samples of plants were used to isolate bacterial cultures. Culture media CRL, YDC
and R2A were used in the study. After inoculation, the Petri dishes were tightly wrapped with Parafilm
sealing film and left at a temperature of 25 °C in an incubator (MIR-254, Panasonic Healthcare Co.,
Ltd., Japan). When well-distinguishable individual colonies of all morphotypes appeared, they were
sown with a loop on new Petri dishes to obtain a pure culture. PCR and sequencing. Pure cultures were
placed in microtubes and stored at -80° C. for further use.

Determination of the optimal culture medium for Rathayibacter tritici

One bacterial colony of the 0338 R. tritici strain was suspended in 1 ml of PBS, and then a
series of consecutive 10-fold dilutions was performed. 50 pL of 4 and 5 dilutions were inoculated on
two culture media: YPGA and NBY'. Each dilution was inoculated in 10-fold repeat. The results were
evaluated after 5 days of incubation at 25°C.

DNA isolation

DNA isolation from bacterial isolates, bacterial suspensions and analytical samples was carried
out using the Proba-GS kit, AgroDiagnostics CJSC, Russia, in accordance with the manufacturer's
instructions.

Molecular genetic methods

Both classical PCR and RT-PCR were used in the study. Classical PCR tests: PSF/PSR for the
identification of bacteria of the genus Pseudomonas (PCR product size 610 bp), SyD1/SyD2 for the
identification of P. syringae pv. syringae and P. syringae pv. Atrofaciens (1040 bp), PsyF/PsyR for P.
syringae identification (144 bp), Mus714F/Mus714R for internal positive control (714 bp), 8UA/519B
(500 bp) and/or 27f/907r (880 bp) for subsequent sequencing of the 16-23S rRNA region (3500,
Applied Biosystems, USA), Rt 3F/3R for the identification of R. tritici (520 bp).

RT-PCR tests: BTRITF2/BTRITR2/BTRITP1 for the detection of R. tritici, Pseudomonas
fuscovaginae-PB kit, Syntol CJSC, Russia, for the detection of P. fuscovaginae

Development of PCR tests for the identification of Xanthomonas translucens

The nucleotide targets were searched using 10 genomic assemblies of X. translucens strains
and 161 genomic assemblies of 25 other (non-target) bacterial species of the genus Xanthomonas.
Protein sequences were labeled according to species and strain and clustered using the Cd-hit program
(version 4.1) at an identity threshold of 70% with an acceptable difference in sequence length of 80%
and a "word" length of 5 amino acid residues. The nucleotide sequences of genes encoding proteins
from the selected clusters specific to X. translucens were used to develop primers. Primers were
selected using the Primer-BLAST program and synthesized at Evrogen, Russia. genus Xanthomonas,
including X. translucens.

Chapter 3. Research results and discussion

Collection of samples of grain crops from different regions of the Russian Federation
(Moscow, Republic of Crimea, Stavropol region)

Plant accessions were collected on the territory of the Timiryazevskaya Field Experimental

Station (Moscow) in 2020 (55 accessions), in the Krasnogvardeysky, Simferopolsky and Belogorsky
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districts of the Republic of Crimea in 2021 (60 accessions) and Aleksandrovsky, Andropovsky,
Budennovsky, Georgievsky, Kochubeevsky, Mineralvodsky, Novoselitsky and Sovetsky districts of
the Stavropol region in 2022 (66 accessions). In total, 181 samples of wheat plants were collected in

three regions of the Russian Federation, rye, barley, oats, triticale and leguminous mixture.

Development of PCR tests for the identification of Xanthomonas translucens
After clustering 667416 protein sequences according to the established criteria of specificity,

length and variability, sequences of 6 genes were selected and used for primer selection. (Table 1).

Table 1 - Nucleonucleotide sequences of genes used for primer selection

No | NCBI Gene Encoded Encoded protein Names of | Length of
p/n | accession coordinates | protein annotation primer PCR
in the pairs product,
genome b.p.
1 NZ_FLTUO |6002-8863 WP_03995636 | DUF5110 domain- | 1F8/1R8 711
1000142.1 9.1 containing protein | 1F10/1R10 | 379
2 FLTUO100 |5245-7368 WP_00958106 | TonB-dependent 2F6/2R6 759
0085.1 2.1 siderophore
receptor
3 NZ_FLTUO |3500-2202 WP_03995526 | nucleoside 3F3/3R3 246
1000009.1 7.1 hydrolase 3F5/3R5 209
3F9/3R9 869
4 NZLHSIO1 |2522179- WP_00958106 | ATP-grasp 4F1/4R1 503
000001.1 2523426 0.1 domain-containing | 4F3/4R3 904
protein
5 NZ_ANGG |10914- WP_00959849 | aldose 1-epimerase | 5F3/5R3 200
01000457.1 | 12119 6.1 family protein 5F6/5R6 424
6 NZ_ANGG |4667-3489 WP_00958105 | MFS transporter 6F6/6R6 970
01000136.1 7.1 Encoded protein | 6F10/6R10 | 663
annotation

For each of the 6 sequences, 1 to 3 pairs of primers were selected. A total of 12 pairs of primers
were selected (Table 1). As a result of PCR with all 12 pairs of primers, products of the expected length
were obtained using the DNA template of the 0337 X. translucens strain (Fig. 1).




18 1F10 2F6 3F3 35 3F9 4F1 4F3 5F3 5F6 6F6 6F10

M M M 4Rl  4R3 5R3 5R6 6R6 O6R10 M

1R8 1R10 2R6 3R3 3RS 3R9

Figure 2 — Electrophoregram of PCR results with DNA of the 0337 Xanthomonas translucens strain
for each pair of primers used in the study. M — GeneRuler 100 bp Plus DNA Ladder genetic weight
marker, Thermo Fisher Scientific, USA

Primers 3F3/3R3, 3F5/3R5, 3F9/3R9, 4F3/4R3, 5F3/5R3 and 6F6/6R6 showed low specificity.
At the same time, primer pairs 1F8/1R8, 1F10/1R10, 4F1/4R1, 5F6/5R6 and 6F10/6R10 showed high
specificity when tested for Xanthomonas; PCR with these primers resulted in 1 well-defined amplicon
of the expected size (711, p. 379, 503, 424 and 663 bp, respectively) with X. translucens DNA. With
other strains of bacteria of the genus Xanthomonas, the PCR product is either absent or differs in size
from what is expected for each of the tests. Thus, the use of pairs of primers 1F8/1R8, 1F10/1R10,
4F1/4R1, 5F6/5R6 and 6F10/6R10 allows the identification of X. translucens.

Determination of the optimal culture medium for Rathayibacter tritici

5 days after inoculation, the colonies of R. tritici reached their maximum size (up to 6 mm in
diameter) and acquired a bright yellow color. The colonies were round, with smooth edges and a convex
profile (Fig. 2).

NBY media YPGA media

Figure 2 — Petri dishes with 50 pL of 5th dilution of Rathayibacter tritici on NBY and YPGA after 5
days of incubation at 25°C.
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Colonies on the YPGA had an average size of 3.92 mm, while on the NBY the average size was
2.44 mm (Table 2).

Table 2 - Mean, standard deviation and confidence level for Rathayibacter tritici colony sizes

Significance (significance 6" dilution 51 dilution
level 0.05) YPGA NBY YPGA NBY
Avg. 3,92 2.44 3.54 2.15
Standard deviation 0,99 0,81 3.30 0,82
Reliability 0,46 0,37 0,42 0,12

The average colony size on the YPGA medium was larger (average 5.60 mm) than on the NBY
(about 3.00 mm). The average colony size on the YPGA medium was larger than the maximum colony
size on the NBY.. In both the 5™and 6 dilutions, the average colony size on the YPGA was significantly
larger than on the NBY. The mean colony count was the same in both environments in the 6™ dilution

(Table 3).

Table 3 - Result of counting the number of colonies

Significance 6- € pasBencHue 5- ¢ pasBencHue
(significance level 0.05) YPGA NBY YPGA NBY
General 48 47 586 444

Avg. 4,8 4,7 58,6 444

Standard deviation 2,1 1,4 9,6 10,3
Reliability 0,59 0,41 0,78 0,96

In the 5™ dilution, YPGA had significantly more colonies than NBYs (Table 3). The YPGA
medium is more optimal for the cultivation of R. tritici than the NBY medium, since it forms larger
colonies and their number is larger.

Optimization of seed sample preparation for subsequent detection and identification of
Rathayibacter tritici, Pseudomonas fuscovaginae, Pseudomonas syringae and Xanthomonas
translucens by PCR

The first low-speed centrifugation for 5 min., 1200 g, 4 °C resulted in the formation of a flour
sludge weighing 1+0.3 g in each centrifuge tube. Thus, the first centrifugation made it possible to get
rid of most of the starch, which is one of the PCR inhibitors. Subsequent high-speed centrifugation (10
min., 10000 g, 4 °C) made it possible to obtain a concentrated microbiota contained in the grain sample,
which increased the probability of detecting the phytopathogen in the sample.

To estimate the number of bacterial cells in suspensions used to infect seed samples, colony-
forming units were counted on petri dishes. It was found that the suspensions used contained bacteria
in concentrations of 107, 106, 105, 104, 103 CFU/ml in the 2nd, 3rd, 4th, 5th and 6th 10-fold dilutions,
respectively (Table 4).

Table 4 - Result of determining the number of colony-forming units (CFU/ml) in the tested bacterial
suspensions 7 days after inoculation

HanpsxeHne PasBeeHre MCXOIHON CYCIIEH3UH
p > . ! : :
0335 4,2x10 7 4,2x106 4,2x10° 4.2x10 2 42x10°3




0440 3,7x10 7 3,7x10° 3,7x10° 3,7x10* 3,7x10°

0337 1,510’ 1,5%x10° 1,5%x10° 1,5x104 1,5%x10°3

0378 0,6x10 ’ 0,6x10° 0,6x10° 0,6x10* 0,6x10 3

Since bacterial suspensions in 2, 3, 4 and 5 dilutions in a ratio of 1:9 were used for inoculation
of seed samples, the bacterial concentrations in the extracts of infected seeds before centrifugation were
106, 105, 104, 103 CFU/ml, respectively.

PCR testing of samples containing strain 0335 showed the presence of P. fuscovaginae in both
bacterial suspensions in PBS and in samples of infected wheat grain (Table 5), with negative controls
for DNA isolation and amplification being negative.

Table 5 — Result of the “Pseudomonas fuscovaginae-RT” test, Sintol, Russia for the identification
of P. fuscovaginae (strain 0335) and the BTRIT2F/BTRIT2R/BTRITP1 test for the identification of

R. tritici
Sample F,(B:j\/l Hcé;( Result Sample FitM HCELX Result

0335-10°- PBS 27,0 | 34,0 + 0378-10°- PBS 30,1 | 308
0335-10°- PBS 29,7 33,8 + 0378-10°- PBS 32,2 31,3
0335-10%- PBS 30,8 34,1 + 0378-10%- PBS 31,1
0335-10%- PBS 31,6 | 342 + 0378-10%- PBS 31,6 -
0335-106- Extract -1 254 | 34,2 + 0378-106- Extract -1 28,5 30,7 +
0335-106- Extract -2 25,2 34,6 + 0378-106- Extract -2 27,7 30,5 +
0335-10°- Extract -1 29,2 34,3 + 0378-10°- Extract -1 31,6 31,2 +
0335-10°- Extract -2 29,4 34,3 + 0378-10°- Extract -2 32,0 31,5 +
0335-10* Extract -1 32,3 34,3 + 0378-10* Extract -1 31,6 -
0335-10* Extract -2 31,6 34,2 + 0378-10* Extract -2 31,5 -
0335-10°- Extract -1 343 | 345 + 0378-10°- Extract -1 31,8 -
0335-10°- Extract -2 35,3 34,5 + 0378-10°- Extract -2 315 -
0335-10"- PBS -PC 22,9 34,1 + 0378-10"- PBS -PC 21,7 31,0 +
Extract -1- NC 34,4 - Extract -1- NC 34,4 -
Extract-2- NC 34,6 - Extract -2-NC 34,6 -
PBS - NC 34,6 - PBS -NC 34,6 -

Note: Ct is the PCR threshold cycle, FAM is the PCR specificity detection channel, HEX is the

internal positive PCR control detection channel, "+" is positive, "-" is negative, PBS is phosphate

buffered saline, PC is positive control sample, NC is negative control sample

PCR testing of samples containing strain 0378 showed the presence of R. tritici in bacterial
suspensions in PBS and in samples of contaminated wheat grain with concentration of bacterial cells
in the analyzed sample of 105 CFU/ml (Table 5).

In each of the studied samples infected with strain 0440, P. syringae DNA was found (Fig. 3).
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Figure 3 — Electrophoregram of PsyF/PsyR PCR
test results with DNA of samples infected with strain
0440
1, 10, 11 and 20 — DNA length marker, 2, 3 — negative
control sample (extract), 4 — negative control sample
(buffer), 5-8 — buffer infected with strain 0440 at a
concentration of 3.7*106 —3.7*103 respectively, 9, 12 —
12 13 14 15 16 17 18 19 strain 0440 in extract (3.7*106 ), 13, 14 — strain 0440 in
) extract (3.7*10), 15, 16 — strain 0440 in extract (3.7*10*
), 17.18 — strain 0440 in extract (3.7*105), 19 — positive
control sample

DNA of X. translucens was detected in all
infected samples tested with 4F1/4R1 primers and was
not detected in the DNA of negative controls (Fig. 4).

Figure 4 — Electrophoregram of 4F1/4R1 PCR test
results with DNA of samples infected with strain 0337

1, 10, 11 and 20 are a marker of DNA length; 2, 3 —
negative  control sample (extract); 4 —  negative
check sample  (buffer ); 5-8 — buffer infected with
sh tammom 0337 in concentrations of 1.5* 10 ¢ —
1,5 * 10 * respectively; 9, 12 — strain 0337 in
B P extract (1.5 * 10 © ); 13, 14 — strain 0337 in
extract (1 ,5* 10 ° );15,1 6 —strain 0337 in
extract (1.5* 10 4 ); 17, 18 —strain 0337 in extract
(1.5 * 10 ° ); 19— positive control sample

PCR inhibition was not observed in any of the
DNA samples tested isolated from samples
contaminated with strains 0335, 0337, 0338 and 0440.
The results show that double centrifugation in sample
preparation is effective in removing the starch remaining in the sample after seed homogenization. The
use of the two-stage centrifugation method to remove inhibitory substances from plant material is used
in laboratory practice, but this method has not been used before for the preparation of wheat seed
samples with subsequent PCR identification of bacteria. In this work, the method was optimized to
remove starch during the preparation of grain samples. The following sample preparation method is
recommended: place 25 g of wheat grain in a homogenization bag. Add 60 mL of PBS and leave on
the orbital shaker at 100 rpm for 2 hours. Then process the bags in a homogenizer at a speed of 4 for 5
minutes, then soak the bag on an orbital shaker at 100 rpm for 15 minutes. Centrifuge the tubes at 1,200
g, 4°C for 5 min. Gently transfer the supernatant to another centrifuge tube and centrifuge for 10 min.
at 10,000 g and 4 °C. Gently remove the supernatant and add 1 ml of PBS to the sediment. Resuspend
the precipitate on Vortex and transfer the suspension to a 1.5 mL Eppendorf test tube.

Identification of Pseudomonas fuscovaginae, Rathayibacter tritici, Pseudomonas syringae
and Xanthomonas translucens in plant samples collected in Moscow, the Republic of Crimea and
the Stavropol region.

As a result of PCR testing, DNA extracted from plant samples of cereal crops, DNA of R. tritici
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and P. fuscovaginae was not detected in any of the 181 samples. As a result of the identification of X.
translucens in the studied samples, one positive result was obtained for a sample of winter wheat of the
Asket variety from the Krasnogvardeysky district of the Republic of Crimea. In two other regions of
the Russian Federation, Moscow and the Stavropol region, X. translucens was not detected.

The following results were obtained after running PCR using PSYf/PSYT for the detection of
Pseudomonas syringae in the analytical plant samples. A total of 55 DNA samples extracted from
analytical plant samples collected in Moscow were tested. Electropherograms of DNA testing with
primers PSYTf/PSYTr are shown in figure 5.

Moscow, 1-14 Moscow, 29-42

200 30, 3t .M 333

Moscow 43-55
43 44 45 40 M 47
. LI L .- .

Moscow, 15-28
17 18 M 19 20

.-

Figure 5. Note: (_) means unknown cultivar, + means detected and — means not
detected. 1. Winter rye Snezhana, 2. Soft winter wheat Zhiva, 3. Soft winter wheat
Alekseevich, 4. Soft winter wheat Urup, 5. Soft winter wheat Morozko, 6. Soft winter
wheat Timiryazevskaya Yubilejnaya, 7. Soft winter wheat Moskovskaya 56, 8. Soft
winter wheat Biryuza, 9. Soft winter wheat Timiryazevskaya 150, 10. Soft winter
wheat Graf, 11 Triticale winter Aleksandr, 12. Winter wheat Don yantarnaya, 13.
Triticale winter Victor, 14. Soft winter wheat Vassa, 15. Winter wheat two-grain _, 16.
Triticale winter Nemchinovskij 56, 17. Winter wheat Eremeevna, 18. Triticale winter
spherical Titus, 19. Soft winter wheat Moskovskaya 39, 20. Triticale winter Valentin
90, 21. Soft winter wheat Dublet, 22. Soft winter wheat Kavalerka, 23. Soft winter
wheat Skarlet Zarya, 24. Soft winter wheat Nemchinovskaya 24, 25. Winter durum
wheat Pobeda 70, 26. Soft winter wheat Legenda, 27. Soft winter wheat Avesta, 28.
Winter rye Verasen', 29. Soft winter wheat Inna, 30. Winter wheat Terra, 31. Triticale
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winter Timiryazevskaya 150, 32. Soft winter wheat Mel'nica, 33. Soft winter wheat
Asket, 34. Soft winter wheat Velena, 35. Soft winter wheat Vanya, 36. Soft winter
wheat Artel', 37. Soft winter wheat Nemchinovskaya 85, 38. Soft winter wheat
Vidya, 39. Soft winter wheat Don Lira, 40. Soft winter wheat Golubaya, 41. Soft winter
wheat Moskovskaya 40, 42. Soft winter wheat Don 107, 43. Soft winter wheat
Stepnaya, 44. Soft winter wheat Gubernator Dona, 45. Soft winter wheat
Rostovchanka, 46. Soft winter wheat Vekha, 47. Soft winter wheat Nemchinovskaya
57, 48. Soft winter wheat Avgusta, 49. Soft winter wheat Soberbash, 50. Soft winter
wheat Anka, 51. Soft winter wheat Prignala, 52. Soft winter wheat Antonina, 53. Soft
winter wheat Nemchinovskaya 17, 54. Soft winter wheat Bezostaya 100 and 55. Winter
rye . M — DNA Length Marker 100+ bp DNA ladder (100-1000 b.p. («Evrogen»,
Russia) (Timiryazev field experimental station, Russian State Agrarian University
Moscow Agricultural Academy named after K.A. Timiryazev, Moscow, 2020).
Pseudomonas syringae DNA was detected in 5 analytical plant samples. Positive results like
144b.p amplicon were also obtained for positive control (PC). In the rest of the 50 DNA samples P.
syringae was not detected also in the negative control samples (NC). That is 9% of the DNA samples.
A total of 60 DNA samples extracted from analytical plant samples collected in the Republic of
Crimea were tested. Electropherograms of DNA testing with primers PSYf/PSYr are shown in figure
6.

The Republic of Crimea, 1-14 The Republic of Crimea, 29-42 The Republic of Crimea, 57-60
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Figure 6. Note: (-) means not detected, + means detected and _ cultivar unknown. 1.
Winter barley Onega, 2. Winter wheat Aksiniya, 3. Winter wheat Asket, 4. Winter wheat
Asket, 5. Winter barley Rajz, 6. Winter wheat Governor of the Don, 7. Winter wheat Governor
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of the Don, 8. Winter barley Rajz, 9. Winter barley Rajz, 10. Winter wheat Asket, 11, Winter
barley Onega, 12. Winter wheat Gubernator Dona, 13. Winter wheat Gubernator Dona, 14.
Winter wheat Gubernator Dona, 15. Winter wheat Gubernator Dona, 16. Winter wheat Asket,
17. Winter barley Onega, 18. Winter barley Onega, 19. Winter barley Onega, 20. Winter
wheat Asket, 21. Winter wheat Asket, 22. Winter wheat Asket, 23. Winter wheat Asket, 24.
Winter wheat Asket, 25. Winter wheat Asket, 26. Winter wheat Asket, 27. Winter wheat
Asket, 28. Winter wheat Asket, 29. Winter wheat Asket, 30. Winter wheat Asket, 31. Winter
wheat Asket, 32. Winter barley V'yuga, 33. Winter barley Rubezh, 34. Winter barley Sprinter,
35. Winter barley Ob"em. 36. Winter barley Master, 37. Winter barley Espada, 38. Winter
wheat Anka, 39. Winter wheat Velena, 40. Winter wheat Vekha, 41. Winter wheat Karavan,
42. Oats Vernyj, 43. Oats Mezmaj, 44. Oats Chernigovskij -nebo, 45. Oats Loshad', 46. Oats
Podgornyj, 47. Oats Guzeripl', 48. Winter barley Master, 49. Winter barley Espada, 50. Winter
barley V'yuga, 51. Winter barley Rubezh, 52. Winter barley Sprinter, 53. Winter barley
Ob"em, 54. Triticale, wheat, barley , 55. Winter wheat Korona, 56. Winter barley Sprinter,
57. Winter barley Rubezh, 58. Cereal-legume mixture _, 59. Oat_ and 60. Winter wheat
Korona. M — DNA Length Marker 100+ bp DNA ladder (100-1000 b.p. («Evrogen», Russia)
(three regions Belogorskij, Krasnogvardejskij, and Simferopolskij of the Republic of Crimea,
2021).

Pseudomonas syringae DNA was detected in 26 analytical plant samples. Positive results like
144b.p amplicon were also obtained for positive control (PC). In the rest of the 34 DNA samples P.
syringae was not detected also in the negative control samples (NC). That is 43% of the analytical
plant DNA samples.

A total of 66 DNA samples extracted from analytical plant samples collected in Stavropol region
were tested. Electropherograms of DNA testing with primers PSYf/PSYr are shown in figure 7.
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Figure 7. Note: (-) means not detected, + means detected and _ cultivar unknown. 1.
Winter barley Rubezh, 2. Winter wheat Soberbash, 3. Winter wheat Stil' 18, 4 Winter wheat
Tanya, 5. Winter wheat Stil' 18, 6. Winter wheat Tanya, 7. Winter wheat Stil' 18, 8. Winter
wheat Tanya, 9. Winter wheat Tanya, 10. Winter wheat Grom, 11. Winter wheat Tanya, 12.
Winter wheat Tanya, 13. Winter wheat Tanya, 14. Winter wheat Grom, 15. Winter wheat
Tanya, 16. Winter barley Bazal't, 17. Winter wheat Godovshchina, 18. Winter wheat
Godovshchina, 19. Winter durum wheat Amazonka, 20. Winter durum wheat Amazonka, 21.
Spring durum wheat Yasen'ka, 22. Winter durum wheat Amazonka, 23. Winter durum wheat
Amazonka, 24. Winter durum wheat Yahont, 25. Winter durum wheat Agat Donskoj, 26.
Winter durum wheat Stepnoj yantar', 27. Winter wheat Centrina, 28. Durum winter wheat
Odari, 29. Winter durum wheat Amazonka, 30. Winter wheat Soft Yukka, 31. Winter durum
wheat Yahont, 32. Winter durum wheat Amazonka, 33. Durum winter wheat Odari, 34.
Winter wheat_, 35. Winter barley + oats_, 36. Winter soft wheat_, 37. Winter barley_, 38.
Winter soft wheat_, 39. Winter soft wheat _, 40. Winter soft wheat_, 41. Winter soft wheat_,
42. Winter soft wheat_, 43. Winter barley_, 44. Winter soft wheat_, 45. Winter soft wheat_,
46. Winter barley , 47. Wheat Chernyava, 48. Winter wheat Alekseevich, 49. Winter wheat
Alekseevich, 50. Winter wheat Chernyava, 51. Winter barley Karrera, 52. Winter barley
Karrera, 53. Barley Alekseevich, 54. Winter barley Karrera, 55. Wheat Chernyava. 56.
Triticale Grain, 57. Winter wheat Antonina, 58. Spring barley Gris, 59. Spring barley
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Azimuth, 60. Spring barley Leon, 61. Spring barley Voin, 62. Spring barley Format, 63.
Spring barley Shchedrin, 64. Spring barley Vakula, 65. Spring barley Avalon and 66. Winter
wheat soft_. M — DNA Length Marker 100+ bp DNA ladder (100-1000 b.p. (Kochubeevskij,
Budennovskij, Sovetskij, Georgievskij, Andropovskij, Aleksandrovskij, Shpakovskij,
Novoselickij and Mineralovodskij of Stavropol region. 2022).

P. syringae DNA was found in 5 out of 55 analytical plant samples collected in Moscow, in 26
out of 60 analytical plant samples from the Republic of Crimea, and in 45 out of 66 analytical plant
samples from the Stavropol region (Fig. 8).
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Moscow Republic of Crimea Stavropol region

Figure 5 — Results of P. syringae detection in plant analytical samples. "+" P. syringae detected,
P. syringae not detected, "%" frequency of P. syringae, %

The frequency of occurrence of P. syringae in samples of grain crops was 9 %, 43 % and 68 %
for Moscow, the Republic of Crimea and the Stavropol region, respectively (Fig. 8). In the Stavropol
region, the frequency of occurrence of P. syringae is 25 % higher than in the Republic of Crimea, and
57 % higher than in Moscow. 34% higher than in Moscow, but lower than in the Stavropol region.
Moscow has the lowest detection rate among the three regions. The overall incidence of P. syringae in
the three regions was 41%.

Identification of bacterial isolates from samples collected at the Timiryazev Field
Experimental Station (Moscow)

A total of 168 isolates were identified. Among the identified isolates of bacteria of the genus
Pseudomonas, which were the most widely represented (frequency of occurrence 70.9%), such species
as P. chlororaphis, P. graminis, P. poae, P. syringae, P. trivialis and P. viridiflava were identified.

The next most common genus was Frigoribacterium (36.4 %). Bacteria of the genus
Frigoribacterium are common representatives of the plant microbiota, contributing to their growth and
adaptation. Among them, 4 isolates of F. faeni have been identified. This species is classified as an
extremophile organism that can reproduce even at low temperatures, such as 2°C, as well as at moderate
temperatures, such as 20 °C.

Bacteria of the genus Clavibacter, which rank third after Pseudomonas and Frigoribacterium
(frequency of occurrence was 16.4%), are characterized by gram-positive anaerobic properties. A total
of 12 strains of bacteria of the genus Clavibacter have been identified. Among them, 10 strains of C.
michiganensis have been identified. This species is characterized as a causative agent of bacteriosis,
which can lead to a noticeable decrease in yield (up to 50%) due to fire blight and wilting.

Other bacteria identified include members of the genera Agreia, Arthrobacter (including A.
chlorophenolicus), Bacillus, Cellulomonas, Curtobacterium, Dyadobacter, Erwinia, Frondihabitans,
Kineococcus, Microbacterium, Micrococcus, Oerskovia, Pantoea (including P. ananatis), Paucimonas
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(including P. lemoignei), Phycicoccus, Plantibacter, Pseudoclavibacter (including P. helvolus),
Rathayibacter (including R. festucae), Rhodococcus (including R. fascians), Salinibacterium,
Sanguibacter, Sphingomonas, Staphylococcus and Streptomyces.

Identification of bacterial isolates from samples collected in the Republic of Crimea

A total of 86 isolates were identified. Among them, 27 isolates (with a frequency of occurrence
of 42% on the collected samples of cereal crops) belonged to the genus Pantoea, including species P.
agglomerans, P. ananatis, P. vagans and P. pleuroti. P.agglomerans is characterized as an endophyte
and epiphyte. Some pathogenic strains of P. agglomerans cause bacterial blight in cereals. Other strains
of P. agglomerans have a beneficial effect on the rhizosphere. P. ananatis causes brownish lesions on
wheat leaves with clear edges and yellow halos. P. ananatis can be transmitted by the grass leaf beetle
(Oulema melanopus). P. vagans is used to control Erwinia amylovora, which causes fire blight in stone
fruit crops. P. Pleuroti is known for causing fire blight.

In addition to bacteria of the genus Pantoea, representatives of the genera Ochrobactrum,
Erwinia, Rathayibacter, Arthrobacter, Stenotrophomonas, Frigoribacterium, Pseudomonas,
Plantibacter, Clavibacter, Curtobacterium, Enterobacter, Rosenbergiella, Exiguobacterium,
Agrococcus, Microbacterium and Enterococcus were identified in plant accessions from the Republic
of Crimea.

Identification of bacterial isolates from samples collected in the Stavropol region.

A total of 164 isolates were identified. The highest frequency of occurrence was observed in
bacteria of the genus Rhodococcus: 48.5%. A total of 36 strains of bacteria of the genus Rhodococcus
were isolated, which is 19% of all isolated strains. In addition to bacteria of the genus Rhodococcus,
representatives of such genera as Achromobacter, Agreia, Agrococcus (including species A. citreus and
A. jenensis), Arthrobacter (including A. aurescens), Bacillus (including B. pumilus),
Chryseobacterium, Clavibacter (including C. michiganensis), Curtobacterium (including C.
flaccumfaciens), Exiguobacterium, Frigoribacterium, Glutamicibacter (including G. bergerei),
Knoellia (species K. aerolata), Labedella, Luteimonas, Microbacterium (including species M.
hydrocarbonoxydans), Mycobacterium (species M. frederiksbergense), Okibacterium, Paenibacillus
(species P. lautus), Paeniglutamicibacter (including P. sulfureus and P. terrestris), Pantoea,
Pedobacter (species P. petrophilus), Plantibacter, Pseudarthrobacter (including species P. equi),
Pseudomonas (including P. poae and P. syringae), Psychrobacillus (P. psychrodurans), Rahnella,
Rathayibacter (including R. festucae), Rhizobium, Sphingobacterium (including S. faecium),
Sphingomonas, and Staphylococcus (including S. equorum).

CONCLUSION

> Samples of grain crops were taken in three regions of the Russian Federation: Moscow
(2020), the Republic of Crimea (2021) and the Stavropol region (2022). In these three regions, 181
samples of wheat, rye, barley, oats and triticale plants were collected.

> Unique genetic targets for the causative agent of black bacteriosis of cereal crops X.
translucens have been found, and 5 new PCR tests for the identification of the phytopathogen have
been developed on their basis: 1F8/1R8, 1F10/1R10, 4F1/4R1, 5F6/5R6 and 6F10/6R10. New PCR
tests can be part of the solution to the problem of establishing the phytosanitary condition of batches
of Russian grain products.

> It has been established that the optimal nutrient medium for the cultivation of R. tritici
is the YPGA nutrient medium.
> The method of preparing grain samples for subsequent PCR identification of R. tritici,

X. translucens, P. fuscovaginae and P. syringae has been optimized, the use of which, in conjunction
with PCR tests, will allow the identification of phytopathogens within 6 hours.
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o For the first time in the Russian Federation, using molecular genetic diagnostic methods,
a study of plant samples of cereal crops for the content of phytopathogenic bacteria was carried out. As
a result of testing samples from phytocenoses in Moscow, the Republic of Crimea and the Stavropol
region, R. tritici and P. fuscovaginae were not detected, X. translucens was found in one sample of
wheat from the Krasnogvardeysky district of the Republic of Crimea, and P. syringae was found in all
three regions, the total frequency of occurrence was 41%.

> For the first time, a large-scale study of the components of the cultured bacterial
microbiota of cereal crops using PCR and sequencing was carried out. A variety of bacteria included
in the microbiome of cereal crops was found.

The identified isolates made it possible to form a collection of pathogenic and non-pathogenic
bacteria isolated from cereal crops. The collection can be further used for scientific developments,
production activities and in the educational process.

The results of the research were used in the development of methodological recommendations
of the FSBI "VNIIKR" for the detection and identification of pathogens of bacteriosis of grain crops,
which are currently put into operation and recommended for use by testing laboratories in the Russian
Federation.
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ABSTRACT
One of the factors that can limit the export of grain from the Russian Federation is bacterial

phytopathogens, regulated by the phytosanitary requirements of importing countries. The most
significant among the regulated species are Pseudomonas syringae, Pseudomonas fuscovaginae and
Xanthomonas translucens, since their presence in grain products has been banned by such large
importers as Egypt and Turkey. One of the types of phytopathogenic bacteria, Rathayibacter tritici, is
a quarantine object for the countries of the Eurasian Economic Union and must be detected in wheat
products. At the time of the start of work, there were no reliable and rapid methods for identifying these
phytopathogens. The objects of the study were Pseudomonas syringae, Pseudomonas fuscovaginae,
Xanthomonas translucens and Rathayibacter tritici, due to the relevance of developing methods for
their detection and identification during grain export and import by the Russian Federation.

Based on unique data, new PCR tests have been developed - 1F8/1R8, 1F10/1R10, 4F1/4R1,
5F6/5R6 and 6F10/6R10 for reliable species identification of X. translucens. It has been established
that the optimal nutrient medium for the cultivation of R. tritici is YPGA. 181 samples of grain crop
plants were collected in three regions of the Russian Federation, in Moscow (breeding experimental
station of the Russian State Agrarian University-Moscow Agricultural Academy named after K.A.
Timiryazev), the Republic of Crimea and the Stavropol region. The samples were tested by PCR for
the presence of DNA of the studied bacteria, as a result, DNA of P. fuscovaginae and R. tritici was not
detected, DNA of X. translucens was found in sample 21C31 (winter wheat variety Asket) from the
Republic of Crimea, and DNA of P. syringae was found in 41.4% samples. 444 bacterial isolates were
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isolated from plant samples, among which 87 species of bacteria belonging to 49 genera were identified
by sequencing and comparison of the obtained nucleotide sequences with sequences in NCBI. Species
such as Curtobacterium flaccumfaciens, Pseudomonas chromraphis, Microbacterium foliorum and
others have been identified. The method for preparing grain samples for subsequent PCR testing during
laboratory analysis for the presence of P. syringae, P. fuscovaginae, X. translucens and R. tritici has
been optimized. Using an optimized method in combination with PCR tests allows laboratory analysis
to be carried out within one day.

Methods for identifying and identifying pathogens of bacterial diseases of grain crops that are
significant for the import and export of grain products by the Russian Federation have been
developed and optimized.
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OBIIASA XAPAKTEPUCTUKA PABOTHBI

AKTyajJbHOCTh Padorbl. C pacTUTENbHOW NPOAYKLMEH MOIYT IE€peAaBaThbCsl OMNACHbBIE
duTonarorenHsle OakTepuu, crocoOHble BbBBaTh TrHOens g0 100 %  ypokas IEHHBIX
CENIbCKOXO3SHUCTBEHHBIX KYJIbTYp U MPUBOJUTH TAKUM 00pPa30M K CYIIECTBEHHOMY SKOHOMHUYECKOMY
yiiepOy. B cBsizu ¢ BbICOKMM (PUTOCAHUTAPHBIM PUCKOM, Takue OaKTEpUH BHOCIT B IEpeyYeHb
KapaHTUHHBIX O0BEKTOB U PETYIHPYIOT HA 3aKOHOAATEIILHOM ypoBHE. BMecTe ¢ Tem, o1HOM U3 3a1a4
denepanbHoro npoekra «kcnopT npoaykiuu AIIK» sBuserca «YcrpaHeHHe TOProBbIX O0aphepoB
(TapudHBIX ¥ HeTapuHBIX) s obecriedeHust nocryna npoaykmuu AITK Ha 1ieneBble pHIHKNY.
[IpuMeHUTENHbHO K POCCHICKOW 3€pHOBOM MPOAYKLWHU, HETapUPHBIM OapbepoM, MPENITCTBYIOUIIM
MEXJIyHapOJAHOH TOProBji€, MOIYT SBISATbCS BO30yaAMTENM OAaKTEPUO30B, PETYJIHUPYEMBIE
dbuTOCAaHUTAPHBIMU TPEOOBAHUSAMHU CTPAaH-UMIOPTEPOB. B mepedeHp peryinupyemblX BHIIOB BXOMIST
Pseudomonas fuscovaginae, Pseudomonas syringae u Xanthomonas translucens, a emie oauH Buj,
Rathayibacter tritici, siBisercst kapaHTHHHBIM 00BEKTOM Ul CTpaH EBpa3suiickoro 5KOHOMHUYECKOTO
CO103a, B KOTOpbIX BXouT Poccuiickas ®@enepanust. CyMMapHbIii 00bEM SKCIIOPTa 3€PHOBBIX KYJIbTYP
B CTpaHBI-UMIIOPTEPHI, s KoTopeix P. fuscovaginae, P. syringae (maroBapsr Syringae, atrofaciens,
coronafaciens u lapsa), X. translucens (matosapsr translucens, undulosa, graminis, cerealis u secalis)
u Rathayibacter tritici umeror ¢urocanurapHoe 3Hauenue, — Typuus, Erumer, IOxnas Adpuka,
Uzpaunb, Kazaxcran u apyrue, cocTaBiseT exeroano 6omuee 25 mitH ToHH. C IENbI0 OCYIEeCTBICHHS
(UTOCAaHUTAPHOIO KOHTPOJS OaKTEpPHO30B, MPOOBI OT MAPTHUH UMIOPTUPYEMOU M IKCHOPTHUPYEMOU
NPOAYKIMH MOJJIekKAT TaOOpaTOPHON JUArHOCTHKE. B cuily BbIlIeyKa3aHHBIX MPUYHH, CYIIECTBYET
NOTPEOHOCTh B Pa3pabOTKE M ONTUMHU3ALMU METOJOB BBISABICHUS U UACHTU(PUKALIUU BO30OYyIuUTENEH
0aKTEepHO30B 3€PHOBBIX KYJIbTYP, 3HAUMMBIX JJI1 UMIIOPTA U SKCIIOPTA 3€PHONPOTYKIUH.

Crenenp pa3padoranHocTH TeMbl. Ha MOMEHT Hauana ucciefoBaHHsS OTCYTCTBOBAJIU
yTBepkaeHHble B Poccuiickoii ®denepauuyu METOJAMYECKHE PEKOMEHJAUMU 10 BBIABICHUIO U
uaeHTUGHUKAIIMA BO30yIUTENCH OakTepro30B 3epHOBBIX KynbTyp — P.fuscovaginae, P.syringae
(matoBapsl Syringae, atrofaciens, coronafaciens u lapsa) u X. translucens (matosapsr translucens,
undulosa, graminis, cerealis u secalis). CymecTByromue MeTOINYECKHE PEKOMCHIAIMH I10
BBIIBIICHUIO W HIcHTH(uKauuu R. tritiCi He MO3BONSAIOT IOCTOBEPHO M OBICTPO MPOBOIHTH
JMArHOCTUKY BO30YIUTEINs KEJITOTr0 CIU3UCTOro Oakrepuosa. HayuHele cTaTbu cozepikar onucaHue
MOJIEKYJISIPHO-TEHETUYECKUX TMarHOCTUYECKUX TECTOB, KOTOPBIE TPEOYIOT 00s13aTeIbHON anpoOariu
U OLIEHKM IpUMEeHHMOCTH. B nmaboparopusix Ha tepputopun PD naeHTHQUKANUsS 3HAUUMBIX JUIS
HKCIOPTa 3€pHA BUIOB OaKTEpuil MPOBOAUTCS IMyTEM H3O0JIALUHM Ha CpeAax W OIleHKe MOp(OIoruu
KOJIOHUH, HO 0€3 MOJIEKYJISIPHOTO aHalMu3a JaHHbIE METO/bl HEJIOCTOBEPHBI JaXe MPU YCHEIIHOM
BBIJICJIEHUN OaKkTepuil ¢ MOPQOJIOTHUECKH CXO0XKHMMHU KOoJOHUsAMH. MHpopmanus B IHUTEpaTypHBIX
MCTOYHUKAX O paclpOCTpaHEHUH HCCeayeMbIX OakTepuil Ha TeppuTopu PO ocHoBaHa o Gosbiiei
YaCTH Ha BU3YaJIbHBIX 00CJIEOBAHUAX U METOAAX KJIACCHYECKOW MUKPOOHMOJIOTHH, HE SBISIOIUXCS
JIOCTaTOYHBIMH ISl TOCTOBEPHON UACHTU(DUKALINH.

Heas u 3axauun uccaenopanmii. Llensio nccnenoBanuii sBisiaack pa3padoTKa U ONTUMHU3AIHS
METOJIOB OOHapy>KEeHUS U UIeHTU(UKALNN OaKTepualbHbIX BO30OyAUTENEH, 3HAYUMBIX JIJIs1 UMIIOPTA U
aKcnopra 3epHonpoaykuuu Poccuiickoit deneparnuen.

JIis noCTHKEHMS! 1LIeTTN TIOCTAaBJICHbI CIEAYIOIUE 3a0a4u:

1. Coop 0b6pa31oB pacTeHul B pa3HbIX peruoHax Poccuiickoii denepanuu u ucciae10BaHUE HA
nammure JIHK Rathayibacter tritici, Pseudomonas fuscovaginae, Pseudomonas syringae wu
Xanthomonas translucens.

2. Paspabotka metoaa [1L[P-nuarnoctuku mis uaentudukanuua Xanthomonas translucens.

3. OnpenesnieHre ONTUMAILHON MUTATEILHOW CpeIbl IUTsl BhiieeHus Rathayibacter tritici.

4. Onrtumuzanus MOpoOOMOATOTOBKM CEMSH JJisi OJHOBPEMEHHOTO OOHapyXeHUs u
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unentudukarmu Rathayibacter tritici, Pseudomonas fuscovaginae, P. syringae pv. coronafaciens u
X. translucens pv. translucens.

5. Xapakrepuzauusi KOMIIOHEHTOB OaKTEpUalIbHOM MHUKPOOHOTHI OOpa3lOB pPAaCTCHUN U3
Mocksbl, CTaBpomnosibckoro kpas u Pecryommku Kpbim.

Hayunas nHoBu3Ha. PactutenbHble 00pa3libl 3€pHOBBIX KYJIbTYP U3 HECKOJIBKUX PErMOHOB
Poccuiickoil @enepanun ncciieoBaHbl Ha OAKTEpUATbHYI0 HHPEKIUIO MOJIEKYJISIPHBIMU METOJIaMH;
obuto  moarBepxknaeHo mpucyrctBue JIHK X translucens wu  P.syringae. Ha ocHoBe
OMOMH(POPMATHIECKOTO aHalIM3a TI'€HOMOB OakTepuii poma Xanthomonas wuaeHTH(UIIUPOBAHEI
HYKJICOTH/IHBIC IIOCIICIOBATEILHOCTH, yHUKanbHble mius X. translucens, u pa3paboTaHbl HOBBIC
npaitmepsl s [T1[P-ananu3a 3Toro Buaa. Y cCOBepIIEHCTBOBAHHBINA METOJ IMTOATOTOBKH MPOO 3epHA U
UJACHTU(UKAIIMKA BO30YIUTENCH MO3BOJIMIN COKPAaTUTh BpeMs aHain3a 70 6 4acoB. bakTepuanbHyio
MHUKPOOMOTY 3€pHOBBIX KyJbTYp B (puroneHo3ax MockBel, CtaBpononbckoro kpas u PecnyOnuku
Kpsim rccnenoBanu mukpoOuonoruueckumu u IP-meTonamu.

Teopernueckasi U IPaKTHYeCKasi 3HAYMMOCTh padoThl. CoOpaHa 1 060011eHa UMEIOILAsCs
uH(popMalus o BuAax OakTepHil, BaXXKHbBIX U1 UMIIOPTa 3€pHA, BKIIOYasi HOMEHKJIATYpy, OMOJIOTHIO,
JAaHHbIE O paclpoCTpaHEHHM, (UTOCAHUTAPHBIM CTAaTyC, IOpakaeMble KyJIbTYpPbl M METOMbI
JMAarHOCTUKHU. ATTPOOMPOBAHBI M ONITUMH3HPOBAHBI ITPOIECCHI IIOATOTOBKH MPOO, METO/IbI BBIICIICHUS
KyJbTyp U I[IIIP-Tectrl. IIpoBeneHna ouenka nmpumeHuMocTd HEKOTOpbIX [IL[P-TecTtoB. Pe3ynbprarsl
MCCJICI0BAHMI MCTIOIB30BaHbI IIPH pa3paboTke MeToanueckux pekomenaauii ®I'bY « BHUMUKP» no
BBISIBJICHUIO U MJAEGHTU(QUKALUKU BO30yAuTeNneil OaKkTeprO30B 3€pPHOBBIX KYJIbTYp, KOTOpBIE B
HACTOALIEE BpEMs BBEICHBI B JIEHCTBUE M DPEKOMEHJOBAaHbl K INPUMEHEHMIO HCIBITATEIbHBIMUA
naboparopusiMu Ha TeppuTopun PO.

MeTtoabl M MeTON0JIOTMSA HccaenoBaHmMii. lcnonsdyemble B paboTe MOJIEKYJISPHO-
FEHETUYECKUE, KYJIbTypajbHble U OHOJIOTMYECKUE METObl SBISIOTCA KaK CPEICTBOM IOJIY4YEHUS
9KCHEPUMEHTAJIbHBIX JaHHBIX, TAK U 00BEKTOM CaMoro uccienoBaHus. Pe3ynbTaThl KOMIUIEKCHBIX 4-
X JIETHUX DSKCIEPUMEHTAIBbHBIX HCCIEOBAaHUI IOJy4YeHbl INPU HUCIOJIb30BAaHUU OOLIETIPUHATHIX
metoauk, ['OCToB, COBpEMEHHBIX MOJIEKYISIPHO-TEHETUUECKUX, KYIbTYpaIbHO-MOP(OIOTHIECKUX U
OMOJOTrMYECKNX METOJIOB aHAJIN3a, CTATUCTUYECKOTO aHaIN3a U Pa3IMYHbIX METOJ0B UHTEPIPETAILIH
pE3yJIbTATOB.

IloJ105keHNs1, BBIHOCHMbIE HAa 3aIUTY AMCCEPTALMOHHOI padoThI:

1. Paspa6oransl HoBbIe [TL[P-TecThl as naeHTudukaimu Xanthomonas translucens.

2. Tlpoeenena wunentudukanus Rathayibacter tritici, Pseudomonas fuscovaginae,
Pseudomonas syringae u Xanthomonas translucens B o0Opa3smax pacTeHHil 3epHOBBIX
KynbTyp U3 Mocksbl, Peciyomnuku Kpsim 1 CTaBponosibCKoro kpasi.

3. IIpoBeneHa naeHTU(UKALUSA KyJIbTUBUPYEMbIX OaKTEpUN U3 PACTEHUN 3€pPHOBBIX KYJIBTYD,
coOpansbIx B Mockse, Peciy6nnke KpsiMm 1 CTaBponosibckoM Kpae.

4. OnTUMH3MPOBAH IMPOLECC MOJTOTOBKH MPOO CeMsH A OOHApYKEHUs U UAECHTU(PHUKALUN
Rathayibacter tritici, Pseudomonas fuscovaginae, Pseudomonas syringae u Xanthomonas
translucens.

Crenenb 10cTOoBepHOCTH. VccnenoBaHus BBINOJMHEHBI MO HM3BECTHBIM MeTonuKaMm. Bce
BBIBOJIBI U PEKOMEHAALNN IPOU3BOACTBY MOATBEPKIACHBI dKCIIEPUMEHTAIIBHBIMU HCCIIEIOBaHUAMM,
CTaTHUCTUYECKON 00paOOTKOM MOTYyUYEeHHBIX PE3yIbTaTOB.

Anpo6auusi pe3yJabTaToB padoThl. Pe3ynpTaThl HCCe0BaHUM ObUIM Mpe/CTaBlIeHbl Ha 3
MEXTyHapOJIHBIX Hay4HbIX KoH(pepeHmsax: 20-s1 Beepoccniickast KOHGEpEHIHS MOJIOABIX YIEHBIX,
nocsnieHHas namsatu akagemuka PACXH T'eoprus CepreeBuua MypomieBa, T. Mocksa, 27-29
okTs10ps 2020; MextyHapo/iHasi Hay4yHas KOHpepeHus «3aluTa pacTeHUuH B YCIOBUAX Mepexo/ia
K TOYHOMY 3emJiefiennio», MHCTUTYT 3amuThl pactenuit, ar. [Ipunyku (P. benapycs), 27-29 utons
2021; 11-1 wmexImyHapoJHas HayYHO-TIpaKTHUecKas KoH(epeHIus «buojormyeckas 3amura
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pacTeHuil — ocHOBa cTabuiu3anun Arposkocucrem», I. Kpacnonap, 12—16 cenradps 2022;

IMy6aukanun. OCHOBHBIE pe3yJIbTaThl MPOBEACHHBIX B pAMKaX HACTOAILECH THCCEPTAIMOHHON
paboThI UCCIIEAOBAHUI MPEACTaBICHBI B 9 MyOMUKAIMIX, B TOM YHCIE 2 CTAaTbU B MEXITYHApPOTHBIX
0azax rutupoBaHus Scopus/WoS, 1 cTaThsl B pelieH3upyeMOM U3JIaHuu, pekomeHaoBaHHOM BAK P®
U | cTaThs B ApYrux KypHanax.

JInunblii Bkaag aBTopa. PaGoTta sBisieTcss pe3ylbTaTOM OPHUTHMHAIBHBIX HCCIIEAOBAHUM.
JluccepTaHT IMYHO Y4acTBOBAJI B MPOBEACHUU BCEX AKCIIEPUMEHTANBHBIX PadoT, MPEICTABICHHbBIX B
JICCepTalliH, MPOBOJAMI AHATUTHYECKYI0 OOpabOTKY IMOJIyYEHHBIX TaHHBIX, 0030p JIUTEpaTypPHBIX
UCTOYHMKOB, Y4YacTBOBaJl B NOATOTOBKE MyOnmkanuii. Pa3paboTka mporpaMmbl HCCIEAOBAHUHA U
BBIOOP HEOOXOIMMBIX METOIOB HCCIIEA0BAHUIN BHIMOIHEHBI IPU YYACTHH HAYYHOT'O PYKOBOAMUTEIIS.

O0bém u cTpykTypa padorsl. [duccepramus uznoxkena Ha 193 crpanunax. Coctout w3
BBEJICHUS, OCHOBHOM 4acTH, coJiepskanieit 54 pucynka, 31 tabmuiry, 3akiIt0ueHus], CIUCKa JIUTEPATYPhI
(Bxurouaet 142 HauMEHOBaHMS), IPUHATHIX COKpAIeHHH u 15 npunosxeHuid.

OCHOBHOE COAEP)KAHUE PABOTbI

I'nasa 1. O030p JuTeparypbl

B »sro0ii rmaBe mpencraBieHa uHpopMaius o0 HcCIeAyeMbIX BO3OYAMTENSAX OaKTEpHO30B,
IPUBEJCHbl CBEJIEHHS O CYLIECTBYIOIIMX METOJaX JUarHOCTUKU OaKTepHOo30B, a TaKke O
MOJICKYJISIPHBIX METO/aX HIACHTU(UKAIUN OaKTepUaNbHBIX MaToreHoB. OCBEImaeTcss BaXKHOCTh H
aKTYyaJbHOCTb OCOOEHHOCTEH OCYIIECTBIECHHS MEXIYHAPOAHON TOPTOBIN 3€PHONPOIYKIIMENH MEXITY
Poccniickoit denepanyueit U ApyruMU CTPaHAMH.

I'naBa 2. MaTepuaJjibl 1 METObI

MarepuaJsl

Matepuanamu Mccie0BaHUs SBISUTUCH 38 mTaMMOB OakTepuil U3 3apyOex HbIX KOJJIEKUUN U
kosekiuun PI'bY «BHUUMKP», 181 obpasen pacteHHMil 3epHOBBIX KyIbTyp, 434 GakTepHalbHBIX
U30JI5ITa M3 3€PHOBBIX KyJbTYp, a Takke 171 reHomHas cOopka Oaktepuii poma Xanthomonas, us3
nenonupoBaHHbIX B ['en6ank NCBI.

Coop o0pa3uoB pacrenuii B peruonax Poccuiickoii ®@enepanuu ¢ mejabl0 BbISIBJICHUS U
HAeHTH(PUKAIMH 00bEKTOB HCC/IeI0BAHNS, a4 TaK:Ke (GOPMHUPOBAHMS KOJJIEKIIUH NATOTeHHON U
HeNmaToreHHoi MUKPOOHOTHI 3¢PHOBBIX KYJIbTYP.

C60p 00pa31oB OCYIIECTBIISIN CIIydaifHBIM 00pa3oM, B T€UEHHE BEreTAllMOHHOTO MEpPHOAA.
Jist O4MCTKY ¥ Je3MH(EKINN TIEPYaTOK U HHCTPYMEHTOB Tepe]] KaKABIM cOOPOM 00pa3IioB pacTeHHMA
UCIIOJIb30BaIM pacTBoOp xjopa. CoOpaHHbIE 00pa31bl MOMEIIANHN B JIACTUKOBBIN MaKeT ¢ OyMaKHBIMU
GWIbTpaMu, 3arevyaTsiBalid U MapkupoBaid. [Ipu Hanmuuu nHpOpPMAIMK O COPTaX, €€ 3alHUChIBAIIH.
Jns kaxmoil Touku cObopa QuxcupoBamu koopAauHaThl. CoOpaHHBIE 00paslbl JIOCTABISUIA B
1a00paTOPHIO U XpaHWIIU He OoJtee Heenu pu Temrepatype 2—8 °C. B Tedyenue yka3aHHOTO Ieprojia
BpPEMEHU MPOBOAMIIH MTOATOTOBKY IpoO.

IHoaroroBka npod pacreHni

W3 xaxxaoro obpasiia paCTUTENbHOM TKaHU B Ja00paTOPUM TOTOBMIIM aHATUTUYECKYIO NPOOY
(cycrien3uto MukpoOmoThl). Hapesanu 51 pacturenbHbix Tkaned u nobasmsum 30 ma docdarno-
coeBoro Oycdepa (PBS). 3arem mpoOy BcrpsixuBamu Ha opOuTanbHOM Ineiikepe Unimax 2010
(Heidolph, I'epmanus) npu 200 o6/muH. B Teuenue 45-60 mun. XKnuakyro 9acTh mpoObI (IKCTPAKT)
¢bwibTpoBaNK, HCMONB3YsT OymaxHble (GuiabTpel «Cunss jentay. [locne QuabTpanmuu >KCTPaKThI
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uerrpudyruposanu 10 mun. npu 4 °C u pexxume 10000 g na nentpudyre Allegra X-30R, Beckman
Coulter, /lanus. CynepHaTaHT yJalsuid, a 0cagok pecycneHaupoBaim B 1 mur PBS, u monyuennas
CYyCIIeH3Hs MPEACTaBIIsIa co00i aHAIUTHYECKYO TpoOy. [1o 200 MKII 3TOM TTPOOKI UCTIOTBL30BAIH JIJIS
Beiiesienns JIHK u moceBa Ha nutarenbHble cpeabl, a K 600 MK 100aBIIsIM JBE KAIUTH TJIMIIEpUHA U
XpaHum npu remnepatype - 18 °C st 6y ayniero ncnoiab30BaHusl.

OnTuMu3zanms NOArOTOBKYU NMPO0 ceMsH

HaBeckm 3epHa mmennnbl, Maccod 25+0,2T kaxnmas, NEPEHOCHWIM B TMAKETHl IS
romoreHu3anuu 1 go06asisan 54 ma PBS. Tlakets momeniany Ha opOUTaIBHBIN HIEHKEp U OCTABIISIIN
npu 100 06/MuH. Ha 2 4. B makersl m00aBIsid 6 M OJHOTO W3 pa3BeleHUN OaKTepUaTbHOMN
cycrneHsuu. 2-X, 3-X, 4-x wiu 5-u mrammoB, Britrodaromux 0337 X. translucens pv. translucens, 0378
R. tritici, 0335 P. fuscovaginae u 0440 P. syringae pv. coronafaciens. KoniieHrpariuto 0akTepraibHbIX
cycnien3uil ompexaensuin merogoM Koxa. OfuH U3 MakeToB OCTaBWJIM HE3apaXCHHBIM B KayecTBE
OTpPHUIIATENHOTO KOHTpoJds. [lo wucTeueHumn 24, COACPKHMOE TIaKeToB oOpabaThiBaiu B
romorenusarope (BagMixer 400SW, Interscience, ®panius) npu pexume 4, 5 MuH. 3aTeM MaKkeThl
novemany Ha meikep npu 100 o6/mun. Ha 15 MuH. XXuakyo yacTe romMoreHaTa HMEpEeHOCHIIN B
neHTpudyx HbIe MPOOUPKU eMKOCThIO 50 M 1 IeHTpUdyrupoBau npu pexxume 5 muH., 1200 g, 4 °C.
CynepHaTaHT MepeMeIaid B YUCThIC IEHTPU(YKHBIC POOUPKHU U CHOBA IeHTpudyrupoBanu 10 MuH.
npu 10000 g u 4 °C. Tlocne BTOporo mneHTpUGYTHPOBAHHS CYIEPHATAHT YAAISIIM, a K OCAAKYy
no6asmnsn 1 mut PBS, BeTpsixuBanu Ha BOpTeKce U MOIYYSHHYIO aHAIUTUYECKYIO TPO0Y MEepEeHOCUITN
B Mukponpooupky. Jlns Beinenenus JHK ucnons3oBanu no 200 MK KaykJ10M aHaTUTUYECKOM IPOObI
B IByKPAaTHON MOBTOPHOCTH, a Takxke 1o 200 Mk 3, 4, 5 u 6 pa3BeaeHui OakTepHalbHbIX CyCIICH3HM
B PBS. Knaccuueckyro IIHP u [P B pexume «peanbHoro Bpemenun» (IILIP-PB) npoogunu B
BoiieneHHon JIHK ¢ ucnonb3oBanuem BupocnennpuuHbIX IpaiMepoB.

BroligesieHue 0aKkTepUATBHBIX KYJIbTYP

Jlnia BbIZeNieHUs: OaKTepHANbHBIX KYJIbTYP UCIOIB30BAIN aHATUTHYECKUE MPOOBI pacTeHuil. B
pabote mcronp3oBam nutarensHbie cpeasl CRL, YDC m R2A. TloceB Ha muTaTenbHBIC CpPEIbI
npoBOAMIN MeTojoM Jlpuranbckoro, ucnonb3ys 2—4 gamku I[letpu auamerpom 90 MM Ha onHY
aHanuTudeckyro npoOy. Ilocine moceBa wamku Iletpu mioTHO oOOpauMBalid TEPMETHUIUPYIOIIEH
mienkoir Parafilm wu ocrapmsmn npu Temnepatype 25 °C B umnkyOatope (MIR-254, Panasonic
Healthcare Co., Ltd., SAnonus). Ilpu mosBIeHUH XOPOIIO OTIIMYUMBIX OT/EIbHBIX KOJIOHUH BCEX
MOpP(HOTHUIOB, UX MEpeceBalid C MOMOIILI0 METIH HAa HOBBIC Yaliku [leTpu Ans MoNy4eHHus YuCTOM
KyJabTypbl. Mopdosorndeckue XapakTepUCTHKU KOJOHUHM (uxkcupoBaid. OTIenbHbIE KOJOHUU
KaKaoro usoisAta ucnonb3osanu it Beiaenenus JAHK, TP u cexsennpoBanus. YucTtelie KyJabTypsl
MOMEIIAJIA B MUKPOTIPOOUPKH U XpaHWitH npu - 80°C i TaabHEHIIIEro UCIOIb30BaHHUS.

OnpenesieHue ONTUMAJILHOI MUTATEILHOI cpenbl As Rathayibacter tritici

Onny 6akTepuanbHyto Komonuto mramma 0338 R. tritici cycnienaupoBaiu B 1 mu PBS, a 3atem
MPOBOAMIN ceputo mocnenoBarenbHbIXx 10-kpatHbix pasBenenuit. [lo 50 mxn 4 u 5 pasBenenuit
BbICeBaJIM Ha JBe nuTatenbHble cpeasl: YPGA u NBY. Kaxnoe pazBenenue BoiceBayid B 10-KpaTHO#
MOBTOPHOCTH. Pe3yIbTaThl OICHUBAIIM Yepe3 5 CyTok HHKyOupoBanus npu 25 °C.

Boigenenune JTHK

Brigenenue JIHK u3 GakrepranbHBIX H30JIATOB, OAaKTEPHATBHBIX CYCIIEH3UN U aHATTUTHYECKUX
mpo0 MPOBOAMIN C UCToNb3oBaHueM Habopa «IIpoba-I'C», 3A0 «Arpo/luarnoctuka», Poccus, B
COOTBETCTBUU C MHCTPYKIIUEH TPOU3BOAUTEIIS.

MoJieky/JIsIpHO-TeHeTHYeCKHEe MeTO/bI

B pa6ore ncnons3oBanu kak kinaccuyeckyto [P, Tak u ITI[P-PB. Knaccuueckue ITLP-TecTsr:
PSF/PSR mis unentudukanuu Oakrepuii poga Pseudomonas (pasmep IIIP-mpoaykra 610 m.o.),
SyD1/SyD2 nns uaentudukanuu P. syringae pv. syringae u P. syringae pv. atrofaciens (1040 m.0.),
PsyF/PsyR nmnst uaentudukamuu P. syringae (144 n.0.), Mus714F/Mus714R s npoBeneHuUs
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BHYTPEHHETO TOJIOKUTEIbHOT0 KOoHTpouis (714 m.o0.), 8UA/519B (500 m.o.) w/mmm 27f/907r (880 m.0.)
JUISL TIOCJIEAYIOMIETO ceKBeHupoBanus ydactka 16-23S pPHK (3500, Applied Biosystems, USA), Rt
3F/3R mns unentuduxanuu R. tritici (520 m.o.).

Tecter IIIP-PB: BTRITF2/BTRITR2/BTRITP1 s wupentuduxanuu R. tritici, nadop
Pseudomonas fuscovaginae-PB, 3AO «Cunron», Poccus, st uaentudukauu P. fuscovaginae

Paspa6orka IIIIP-TecToB 175 uaentudukamuu Xanthomonas translucens

[Tounck HYKICOTHAHBIX MHIIICHEH TPOBEJICH C UCTIOb30BaHUEM 10 TeHOMHBIX COOPOK IITAMMOB
X. translucens u 161 renomHuoi#t coopku 25 npyrux (HeueneBbix) BHIOB OakTepuii poaa Xanthomonas.
benkoBbie MOCIIEIOBATENILHOCTH MAPKUPOBAIM B COOTBETCTBUU C BUJOM W IITAMMOM W MPOBOUIH
KJIacTepu3anuio ¢ nomouibio nporpammel Cd-hit (Bepcust 4.1) npu nopore uaentuyHoctu 70 % c
JIOTTyCTUMOM pa3HuULIed B JJIMHE nocieioBaTeabHocTert 80 % u IMHE «CI0Ba» U3 5 aMUHOKUCIOTHBIX
ocraTkoB. Mcnonb3ys ckpunt Python, u3 moiryueHHbIX HAOOPOB OETKOBBIX KJIACTEPOB BBIICIHIHN TE,
KOTOpBIC COJIEpXKallk TOJNbKO OenkoBble mocnenoBarensHocTH X. translucens. HykneortumHbie
MIOCJICIOBATEIBHOCTA T€HOB, KOAMPYIOIIUX OCJIKU W3 BBIICICHHBIX KIACTEPOB, CICHUMUYHBIX JUIS
X. translucens, ObLTH HCIOIB30BAHBI 151 pa3paboTKu mpaitmepoBs. [IpaiiMeps! MOAOUPAH C TOMOIIBIO
nporpamMmmbel  Primer-BLAST wu cunresupoBaniu B 3A0 «Eporen», Poccus. Amnpobamuro
pa3paboraHHbIX npaiimepoB npooawiu ¢ JJHK GakTepranpHBIX MITaAMMOB, IPHHAIICKALIINX K POITY
Xanthomonas, sximrouas X. translucens.

I'naBa 3. Pe3yabTaThl HCC/IeI0OBAaHUH M 00CyK/1eHHE

C6op oOpa3noB pacTreHHii 3epHOBBIX KYJIbTYP H3 Ppa3sHbIX pernoHoB Poccuiickoi
®enepanun (Mocksa, Pecnnyosiuka Kpbsim, CTaBponoJibCKkuii kpaii)

OO6pa3upl pacTeHud coOpaHbl Ha ydacTKax THUMHPS3EBCKOW IOJIEBOW OMBITHOM CTaHIIMU
(Mocksa) B 2020 r. (55 o6pasuoB), B KpacuorBapaeiickom, Cumdepomnonsckom u bermoropckom
paiionax PecnyOnmuku Kpeim B 2021 1. (60 00pa3ioB) ¥ AJEKCaHIPOBCKOM, AHIPOIOBCKOM,
bynénnosckom, I'eopruesckom, KouybeeBckom, MunepansHoBoickoM, HoBocenuiikom 1 CoBeTCKOM
paiionax CraBponosibckoro kpas B 2022 r. (66 oopasmoB). Becero B Tpex pernonax P® cobpan
181 o6pa3ern pacTeHuit MIIEHULIBI, P3KHU, TYMEHSI, OBCa, TPUTHUKAJIE U 36pHOO0O0BOI CMeCH.

Paspa6orka ITIIP-TecToB 15 maenTuduxamuu Xanthomonas translucens

[Tocne xnacrepuzanmu 667416 O€IKOBBIX TOCIEAOBATENFHOCTEH MO YCTAaHOBJICHHBIM
KPUTEPHSIM CHEU(PUUHOCTH, UIMHBI W BapuabeIbHOCTH OBLIM OTOOpaHBI IMOCIEI0BATEIbLHOCTH
6 TeHOB W UCTIOJIB30BaHBI IS 10100pa paiMepoB. (Tadm. 1).

Tabmuua 1 — HyxiieoTauHble 0oCae10BaTeIbHOCTH T€HOB, HCIIOJIb3yEeMbIe Ul N0A00pa NpaiiMepoB

No I'enomHuas Koopaunar | Kogupyewmsrit AHHOTAIU Hazpaumsa | JInmHa
n/m | mocnenoBar | bI TreHa B | OOk nap [I11P-
€JIbHOCTh TeHOME, I1.0. npaniMepoB | MPOJYKTa,
NCBI I1.0.
1 NZ_FLTUO |6002-8863 WP_03995636 | bernok, 1F8/1R8 711
1000142.1 9.1 coJIeprKan i 1F10/1R10 | 379
momern DUF5110
2 FLTUO0100 |5245-7368 WP_00958106 | TonB -3aBucumsrii | 2F6/2R6 759
0085.1 2.1 cuepoopHbIN
penenTop
3 NZ_FLTUO |3500-2202 WP_03995526 | nykmieosuaruapon | 3F3/3R3 246
1000009.1 7.1 asa 3F5/3R5 209
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3F9/3R9 869
4 NZLHSIO1 |2522179- WP_00958106 | benok, 4F1/4R1 503
000001.1 2523426 0.1 COJICP KALITHI 4F3/4R3 904
IOMEH ATO-
3axBara
5 NZ_ANGG |10914- WP_00959849 | 6emok  cemetictBa | 5F3/5R3 200
01000457.1 | 12119 6.1 anb030-1- 5F6/5R6 424
SIMMeEpa3s
6 NZ _ANGG |4667-3489 WP_00958105 | Tpaucmnoptep 6F6/6R6 970
01000136.1 7.1 M®C 6F10/6R10 | 663

Jiis xaxaoi u3 6 mocienoBaTelbHOCTEH ObLIO Togo0pano ot 1 g0 3 map mpaiimepoB. Beero
66110 MO100pano 12 map mpaiimepos (tabu. 1). B pesynbrare ITLP co Bcemu 12 mapamu mpaiiMepoB
OBUTH TOJY4YEHBbl TPOJIYKTHI OXKUJIAEMOHN JUIMHBI C HCIOJb30BaHHEM B kadectBe Mmarpuisl JJHK
mrramma 0337 X. translucens (puc. 1).

4F1 4F3 5F3 5F6  6F6  6F10
M M 4Rl 4R3 5R3 5R6 6R6 6R10 M

1F8 1F10 2F6 3F3 3F5 3F9
1R8 1R10 2R6 3R3 3RS 3R9

Pucynok 2 — Dnekrpodoperpamma pesyipratoB [P ¢ THK mramma 0337 Xanthomonas
translucens st kaxa0# mapsl MpaitMepoB, UCIOIB30BAHHBIX B UCCIIEA0BaHIHA. M — Mapkep
reneruueckoro Beca GeneRuler 100 bp Plus DNA Ladder, Thermo Fisher Scientific, CIIIA

[Tpaiimepsr 3F3/3R3, 3F5/3RS5, 3F9/3R9, 4F3/4R3, 5F3/5R3 u 6F6/6R6 mokazanu HU3KYIO
cneunduyHoctb. B 1o ke Bpems, mapsl npaiimepoB 1F8/1R8, 1F10/1R10, 4F1/4R1, 5F6/5R6 u
6F10/6R10 nmoka3anu BBICOKYIO crienin(pUIHOCTh MPH TECTUPOBAaHUU OakTepuii pona Xanthomonas; B
pesyabrare [P ¢ ykasaHHbIMH mpaiiMepamMu oOpasyeTcss | 4eTKo ompeaessieMblil aMIUIMKOH
oxkumaemoro pasmepa (711, 379, 503, 424 u 663 n.o. coorBercrBenno) ¢ JJHK X. translucens. C
JIpyruMy mramMmmamMu Oaktepuit poma Xanthomonas IILIP-mpoaykT 5mbo OTCYTCTBYeET, JHOO
OTIIMYAETCS 110 Pa3MePy OT OKUIAAEMOTO JUTS KAXKJIOTO M3 TeCTOB. TakuM 00pa3oMm, HCITOTb30BaHHE Iap
npaiimepoB  1F8/1R8, 1F10/1R10, 4F1/4R1, 5F6/5R6 u 6F10/6R10 mno3BonseT mNpOBOIUTH
uneHtudukamnuio X. translucens.

OnpeneseHne oNTHMAJILHON MUTATEILHOM cpenbl MJsi Rathayibacter tritici

Yepes 5 nmueit mocie moceBa Ha cpeasl NBY u YPGA, kononun R. tritici mocturim cBoero
MaKCHUMaJIbHOTO pa3Mepa (10 6 MM B TuaMeTpe) U MpHoOpenu spKo-KenThlid 1BeT. Kononun umenu
KpYyTriayto GpopMmy, C pOBHBIMHU KpasiMi M BBITYKJIBIM IpodusieM (puc. 2).
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NBY media YPGA media

Pucynok 2 — Yamku Iletpu ¢ 50 Mk 5-ro pazsenenus Rathayibacter tritici nra NBY u YPGA nocie
5 nHeii nuaKkyOupoBanus npu 25 °C

Kononnn Ha YPGA umenu cpennuii pasmep 3,92 mm, torna kak Ha NBY cpennuii pazmep
cocraBui 2,44 MM (Tabm. 2).

Tabnuna 2 — CpegHee 3HaUYCHUE, CTAHIAPTHOE OTKIOHEHHE M YPOBEHD JJOCTOBEPHOCTH VISl pA3MEPOB
kostonuit Rathayibacter tritici

3HaueHue (ypoBeHb 6- ° pazBenenue 5- “pa3BeicHHE
3Haurmoctu 0,05) YPGA NBY YPGA NBY
CpenHn.3Hau. 3,92 2.44 3.54 2.15
CTaHI.OTKIIOH. 0,99 0,81 3.30 0,82
JlocToBepHOCTh 0,46 0,37 0,42 0,12

Ha cpene YPGA xononun 6buta 60siee kpymHble (B cpenrem 5,60 mm), uem Ha NBY (okos10
3,00 mm). Cpennuii pasmep kononuit Ha cpene YPGA Obur 0ombllie, YeM MaKCHMAIBHBIA pa3Mep
xosionunii Ha NBY. Kak B 5 ™, Tak u B 6- ™ pa3BefieHusX cpeaHuil pasmep kojonuit Ha YPGA Obin
3HAUUTENBHO OoJbie, yeM Ha NBY. CpemHee KOJIMYECTBO KOJIOHHWHA OBLUIO OJMHAKOBBIM B 00EHX
cpenax B 6- ¥ pasBenenun (tadm. 3).

Tabnuua 3 — Pe3ynbraT nojcyera yucia KOJOHUN

3HaveHue (ypOBeHb 6- ¢ pa3BencHUE 5- ¢ pa3BeneHue
3Haunmoctu 0,05) YPGA NBY YPGA NBY
Oo6rree 48 47 586 444
Cpenn.3Hau. 4.8 4.7 58,6 44 4
CTaHI.OTKIIOH. 2,1 1,4 9,6 10,3
JlocTOBEpHOCTH 0,59 0,41 0,78 0,96

B 5- " pazBenenuu na YPGA Obu10 3HauUnTENHHO O0bIIe KooHMiA, yeM NBY (tadm. 3). Cpena
YPGA sBnsercs Haubojiee ONTUMANBHOW Ui KyabTHBHpoBaHus R. tritici, yem Cpema NBY,
MIOCKOJIBKY Ha Hell 00pa3yroTcs 00siee KPYITHbIC KOJIOHUHU, H UX KOJIMYECTBO OOJIbIIIE.
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OnTuMHu3anusa MNOArOTOBKH MNpPo0 ceMsiH /Il MOCJHEIYIOIIero oO0HApPY:KeHUusi M
unenTudukanun Rathayibacter tritici, Pseudomonas fuscovaginae, Pseudomonas syringae wu
Xanthomonas translucens meroxom ITLP

[TepBoe HM3KOCKOpPOCTHOE IeHTpHdyTupoBanue B teueHue S5 muH., 1200 g, 4 °C npuseno k
oOpa3oBaHuio ocaaka Mykud maccoil 10,3 r B kaxaoil neHTpudyxHOoi npodupke. Takum ob6pazom,
nepBoe IeHTPU(pYrupoBaHUE TTO3BOIMIIO U30aBUTHCS OT OOJIBIICH YaCTH KpaxMaia, KOTOPBIH SBISETCS
onuuM u3 uHrHOUTOpOoB IILIP. ITocnmexytromiee BBICOKOCKOpOCTHOE IeHTpUudyrupoBanue (10 muH.,
10000 g, 4 °C) mo3BOIHIIO MMOIYYNUTh KOHIIEHTPUPOBAHHYIO MUKPOOHOTY, COIEPIKAIIyIOCS B 00pasiie
3epHa, YTO IMOBBICKIJIO BEPOSATHOCTh OOHAPY>KEHHs (PUTOMAaTOreHa B mpooe.

J1i1s1 o1IeHKH 4Kciia 0aKTepHaIbHBIX KIIETOK B CYCIICH3HSIX, HCIIOJIb3YEMBIX IS 3apakeHUs IPo0
CeMsIH, TPOBOJIIJIM TOJACYET KOJOHHEOOpa3ymomuX eIWHUI Ha dYamkax llerpu. YcraHOBIEHO, YTO
HCITOJIB3YEMBIE CYCIIEH3MH COJIEP)KalId OAaKTePUH B KOHIICHTPAIUAX 107, 108, 10°, 10%, 10° KOE/mu Bo
2-M, 3-M, 4-M, 5-M 1 6-M 10-KpaTHBIX pa3BEICHUAX COOTBETCTBEHHO (Ta0I. 4).

Tabmuna 4 — Pe3ynbTar onpe/eneHus KoandecTBa kKoionueoopasyromux equaul] (KOE/mi) B
HCHBITYEMBIX OaKTEpHAIbHBIX CYCIIEH3HSIX Yepe3 7 JIHEeH Moce moceBa

Hanpsxerue Pa3BenieHre HCXOTHOM CYCIIEH3UU
2 3 4 o) 6
0335 4,2x10 7 4,2x10° 4,2x10° 4,2x10 4 4,2x10°3
0440 3,7x107 3,7x10° 3,7x10° 3,7x10* 3,7x10°°
0337 1,5x10 7 1,5%x10° 1,5x10° 1,5x10 * 1,5x10 3
0378 0,6x10 ' 0,6x10° 0,6x10° 0,6x10 4 0,6x10 3

ITockonbKy Ui MHOKYJISILIMU NTPOO CEMSIH UCIOJIb30BaIN OaKTepHasIbHble CYCIIeH3UH B 2, 3, 4
U 5 pa3BeJieHH B COOTHOIIEHUH 1:9, KOHIIEHTpalK OaKTepuil B IKCTPAKTaX HHOULIMPOBAHHBIX CEMSIH
710 1eHTpudyrUpoBanus cocTaBunu cootsercTenHo 10°, 10° 104, 10° KOE/mu.

[TL[P-TecTrpoBanue 00pa3ioB, coaepskammx mramm 0335, mokasano Hannuue P. fuscovaginae
Kak B OakTepHanbHbIX cycneH3usax B PBS, tak u B npo6ax MHQUIMPOBaHHOIO 3€pHA MIIEHUIIBI (Ta0JI.
5), npu 3TOM OTpHIaTeNbHbIe KOHTpONHU Bhiaenenus JTHK n aMmumukanum ObUid OTPUIATEILHBIMH.

Tabnuua 5 — Pesynprat nposeaenus Tecta «Pseudomonas fuscovaginae-PB», Cunron, Poccus
s uaentudukanuu P. fuscovaginae (muramm 0335) u tecta BTRIT2F/BTRIT2R/BTRITP1 mst
uneHTuukanmu R. tritici

[Tpoba ng\’/l HCI:Et’X Pesynbrar [Ipo6a Fitll\/l HCELX Pe3yTnLTa
0335-10°- PBS 27,0 34,0 + 0378-10°- PBS 30,1 30,8 +
0335-10°- PBS 29,7 33,8 + 0378-10°- PBS 32,2 31,3 +
0335-10*- PBS 30,8 34,1 + 0378-10*- PBS 31,1 -
0335-10%- PBS 31,6 34,2 + 0378-10°- PBS 31,6 -
0335-10°- 25,4 34,2 + 0378-10°- 28,5 30,7 +
OKcTpakT-1 DKcTpakT-1
0335-10°- 25,2 34,6 + 0378-10°- 21,7 30,5 +
DKCTPAKT-2 DKCTPAKT-2
0335-10°- 29,2 34,3 + 0378-10°- 31,6 31,2 +
OKcTpakT-1 DKcTpakT-1
0335-10°- 29,4 34,3 + 0378-10°- 32,0 31,5 +
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[Tpoba FZR/I HCI:Et,X Pesynbrar [Ipo6Ga Fi\tl’\/l HCEt’X Pe3mi°Ta
DKCTpaKT-2 DKCTpaKT-2
0335-10* 32,3 34,3 + 0378-10* 31,6 -
OKcTpakT-1 DKcTpakt-1
0335-10*- 31,6 34,2 + 0378-10" 31,5 -
DKCTPAKT-2 DKCTPAKT-2
0335-10%- 34,3 34,5 + 0378-10°- 31,8 -
OKcTpakT-1 DKcTpakT-1
0335-10° 353 34,5 + 0378-10°- 315 -
DKCTPaKT-2 DKCTPAKT-2
0335-10"- PBS - 22,9 34,1 + 0378-10"- PBS - 27,7 31,0 +
IIKO I[IKO
Okcerpakr-1-OKO 34,4 - Okcrpakt-1-OKO 34,4 -
DkcTpakT-2-OKO 34,6 - DkcTpakT-2-OKO 34,6 -
PBS -OKO 34,6 - PBS -OKO 34,6 -
Ipumeuanue: Ct — nopoeoswiti yuxn I[P, FAM — kanan obnapysicenus cneyugpuunocmu
I[P, HEX — kanan obHapyoiceHusi 6HympeHHe2o nonoxcumenvrozo IIL[P-konmpons, «+» —

nonoxcumenvuwlll, «-» — ompuyamenvhvid, PBS — ¢ocpamno-conesor 6ypep, KO —
nON0JHCUMENbHBIU KOHMPOAbHYIL 00pasey, OKO — ompuyamenvHblii KOHMPOIbHBIU 0Opazey

[TLIP-TecTrpoBanue 00pasoB, cogaepxamux mramm 0378, mokasano Hammuue R. tritici B
OakTepHuanbHBIX CcycrieH3usX B PBS u B 00pasmax 3apakeHHOTo 3epHa MIICHUIIBI PU KOHIETHPAITUU
GaKTepuaNbHBIX KIETOK B aHamu3upyemoii mpobe 10° KOE/wmi (tabmn. 5).

B xaxaom u3 uccienoBaHHBIX 00pasnoB, HHPUIMpoBaHHBIX mTammoMm 0440, obHapyxeHa
JTHK P. syringae (puc. 3).

Pucynok 3 — Dnektpodoperpamma pe3yabTaToB
[TL[P-Tecta PsyF/PsyR ¢ JHK 00pasIos.,
MHOGUIHMPOBaHHBIX mTaMMoM 0440
1, 10, 11 u 20 - wmapxep Omuner /JHK, 2, 3 —
ompuyamenvbuvili KOHMpoIbHbL 00pazey (skcmpakm), 4
— ompuyamenvHblil KOHMPOIbHBLL 00paszey (bygpep), 5—8
—  oygep, unguyuposannviti wmammom 0440 6
xonyenmpayuu 3,7*10° —3,7%10% coomeemcmesenno, 9,
12 — wmamm 0440 6 skcmpaxme (3,7*106 ), 13, 14 —
wmamm 0440 6 skempaxme (3,7*10), 15, 16 — wmamm
0440 6 sxcmpaxme (3,7*10*), 17,18 — wmamm 0440 &
sxempakme  (3,7%10°), 19 —  nonoscumenvhuiii
KOHMPOIbHBIN 00pazey

12 13 14 15 16 17 18 19

JIHK X. translucens oOHapy»eHa BO BceX 3apa)KeHHBIX TECTUPYEMBIX ¢ mpaiimepamu 4F1/4R1
npo0ax 1 He OOHapy’KEeHa B OTPHUIIATEIILHBIX KOHTPOJISX (puc. 4).
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Pucynok 4 — Dnekrpodoperpamma pesyibraToB [TL[P-
tecta 4F1/4R1 ¢ IHK o06pa3uoB, nHGUIMPOBaHHBIX
mrammom 0337

1, 10, 11 u 20 — mapkep oaunvr /JJHK; 2, 3 —
ompuyamenbHulll KOHMPOIbHLLL 00pazey (SKCmMpaxkm),
4 — ompuyamenvhwiil KOHMpPOIbHBLL 0Opazey (byghep);
5-8 — oygep, unguyuposannwviti wmammom 0337 &
T Y xonyenmpayusx  1,5%10%-1,5%10° coomeemcmeenno,
9, 12 — wmamm 0337 6 skcmpaxme (],5*106); 13, 14 —
wmamm 0337 6 sxcmpaxme (1,5*105); 15, 16 —wmamm
0337 6 skcmpakme (],5*104); 17, 18 — wmamm 0337
6 osxcmpaxme (1,5%10°); 19 — nonoscumenvhoiil
KOHMPOIbHBLIL 00paszey

Wurubuposanue [P He Habmromanock HM B OJHOM M3 mporectupoBaHHBIX mpod JHK,
BBIZICIICHHBIX M3 00pa3ioB, 3apakeHHbIX mrammamu 0335, 0337, 0338 u 0440. PesynbraThl
MIOKa3bIBAIOT, YTO JABOMWHOE IEHTPpHU(YrUpoBaHUE MPH MOATOTOBKE MPOO 3((HEKTUBHO IS yIaICHUS
Kpaxmajla, OCTaBIIerocss B ImpolOe Imocie ToMOreHu3aluu cemsH. lcronp3oBaHue MeToja
JBYXCTAJUIHOTO LEHTPUPYTHPOBAHUS /ISl YAAJICHUS MHTHOMPYIOMIMX BEIIECTB M3 PACTUTEILHOTO
MmarepHajia NpUMeHseTcsl B J1a00paTOpPHOI MpakTUKE, HO Ul MOATOTOBKH NMPOO CEMsH MIIEHULBI ¢
nocneaytomei [MIP-unentudukanmeit 6akTepuii JTaHHBIN METOJ] paHee He UCTOb30BaiICs. B padote
MeToa OblI ONTHMMHU3MPOBAH C LEIbI0 YJaleHWs Kpaxmajga IIpH IOJArOTOBKE Mpo0 3epHa.
PexoMeHyeTcs cieMy ol MeTo I TIOArOTOBKH TIPo0: 25 T 3epHa MIIICHHUIIB TOMECTUTD B ITAKET JIJIS
romorenuzanuu. Jlo6asute 60 a1 PBS u ocraButh Ha opbutanbHOM Iueiikepe mpu pexume 100
00/MUH. B TeueHue 2 yacoB. 3aTeM 00paboTaTh MaKeThl B TOMOT€HU3AaTOPE MIPU CKOPOCTU 4 B TeUEHUE
5 muH. Ilocne BbliepkaTh MakeT Ha opOuTanbHOM IIeiikepe npu pexxume 100 06/MUH. B TeueHHe
15 muH. IlepeHecTn XuAKyr0 4acThb FOMOI€HaTa B LIEHTpU]YKHbIe Tpodupku. Llentpudyruposarsb
npoobupku npu 1 200 g, 4°C B TeyeHue 5 MUH. AKKYypaTHO MEPEHECTH HaJ0CaJ0YHYIO KUJIKOCTh B
JIpyTYI0 HEeHTPUYKHYIO poOupKy u neHTpudyruposats 10 mun. npu 10 000 g u 4 °C. AkkypaTHO
yIAIUTh HAJI0OCAJOYHYIO KUIKOCTh, a K ocajKy nob0aButh 1 min PBS. PecycnenaupoBare ocajok Ha
BOPTEKCE U MEPEHECTU CYCIEeH3UI0 B npooupky Dnmenaopd 1,5 mi. [lomydeHHYI0 aHaTUTHYECKYIO
poOy MO>KHO MCIIOJIB30BATh AJISi TECTUPOBAHMU.

Mnentuduxanusa Pseudomonas fuscovaginae, Rathayibacter tritici, Pseudomonas syringae
u Xanthomonas translucens B o6pa3uax pacrenuii, coopannbix B MockBe, Pecnyonke Kpbiv u
CraBponosibckom Kpae

B pesynprare IILP-rectupoBanus JIHK, BeigenenHoi u3 00pa3iioB pacTEeHUN 3E€PHOBBIX
kyaetyp, JJHK R. tritici u P. fuscovaginae ne o6HapysxeHna Hu B ogHoM u3 181 obpasia. B pesysbrare
unentudukamu X. translucens B uccieayempix 00pasiiax, mojgyyeH oIuH MOJI0KUTEIbHBIN pe3yIbTaT
Ui oOpasiia 03uMoi mieHuIs copta AckeTr u3 KpacHorsapaeiickoro paiiona Pecriy6nuku Kpeiv. B
IBYyX npyrux peruonax P®, Mockse u CtaBpomnoisckoM Kpae, X. translucens He BBISBIICH.

Crenyroriue pe3yabTaThl ObLIH MOdydeHbl mocie mposeaenust [TL[P-recta PSYT/PSYr mis
obuapyxenust P.sSyringae B aHaimu3upyeMbIx oOpasiax pacTeHuil. Bcero ObLIO HCCIIETOBAHO
55 obpasuoB JIHK, BbIIeneHHBIX M3 aHAIMTHYECKUX NpoO pacTeHui, coOpaHHBIX B MocCKBe.
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Onektpodeporpammbl  ananmsza JIHK ¢ momomipio mpaiimepoB PSYT/PSYr mpencraBneHbl Ha
pHUCYHKE 5.

Moscow, 1-14

Moscow, 29-42
2 M

Moscow 43-55

Moscow, 15-28
188 M 189 20

43 44 45 460 M 47

s e R

.-

51 52, 53 M 54 55

Pucynok 5. Ilpumeuanue: «+» — oOHapy»KeH, «—» He oOHapyxkeH. 1. O3umas poxs CHexaHa,
2. Msarkas o3umas nmenuiia JKusa, 3. Msarkas o3umasl mineHuna AjiekceeBud, 4. Msrkas
o3uMasl TieHuIa Ypyim, 5. Msrkasi o3umas mmeruria Moposko, 6. Msirkast o3umast mieHuIa
TumupsizeBckass FOOuneinas, 7. Msrkas o3umas mmieHunia MockoBckas 56, 8. Msrkas
o3uMas mineHuna buproza, 9. Msirkas o3umas nmenunia TumupsizeBckas 150, 10. Msrkas
o3umas mmeHuna I'pag, 11 Tpurukane ozumas Anekcanap, 12. O3umas nmenuna Jlon
SAnrtapuas, 13. Tpurtukane o3zumoe Bukrtop, 14. Msrkas o3umas mnmeHuna Bacca, 15.
ITmennna o3umasi aBys3epHsiHKa, 16. Tputukane osumoe HemumnoBckuit 56, 17. O3umas
meHnia EpemeeBHa, 18. Tputukane o3umoe mapoBuaHoe Twut, 19. Msarkas ozumast
nmennna Mockosckasa 39, 20. Tpurukane o3zumoe Bamentun 90, 21. Msrkas o3umas
rmrenuna yo6mer, 22. Msirkas o3umas nienuna Kasanepka, 23. Msrkast o3umas TIIeHUIa
3aps, 24. Msrkas o3umas nmenunia HemuumnoBckas 24, 25. O3umas TBeplas INIIEHHULIA
ITobena 70, 26. Msarkas o3uMas mmieHuna Jlerenna, 27. Msarkas o3mumas miieHuiia ABecTa,
28. O3umas poxb Bepacensb, 29. Msrkas o3umas nienuna Muaua, 30. O3umas nmeHuna
Teppa, 31. Tpurukane oszumoe TumupsizeBckas 150, 32. Msarkas o3uMmasi HOIIEHUIA
Menpauna, 33. Msarkas o3umas mieHuna Acker, 34. Msrkas o3uMmas mueHuna Benena, 35.
Msrkas o3umas niieHuna Bans, 36. Msirkast o3uMast nmeHuna Aprenb, 37. Msrkas o3uMast
nmenuia HemunnoBckas 85, 38. Msarkas o3mmas nmiecHuna Bwuaea, 39. Msrkas o3umas
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mmenuna Jlonckas Jlupa, 40. Msrkas o3umas nmieHuiia ['omy6as, 41. Msrkas o3umasi
nmenua MockoBckas 40, 42. Msrkas o3umas mmenuna Jloackas 107, 43. Msrkast o3umast
mmenuna Cremnnas, 44. Msrkas o3umas nimenutia ['yoepuarop Jlona, 45 ner. Msirkast o3umast
noresuna Pocrosuanka, 46. Msarkas o3uMmas nmeHnna Bexa, 47. Msarkas o3uMas ONOIieHHIA
HemuunoBckas 57, 48. Msrkast o3umasi niieHuna ABrycra, 49. Msirkas o3umasi IieHua
Cobepbam, 50. Msarkas o3umas mieHunia Auka, S1. Msrkas o3umas miienuna ['ypr, 52.
Msrkas o3umas mineHunia AHTOHHHA, 53. Markas o3uMas nmenuiia HemunnoBckas 17, 54.
Msirkast o3umas mmenuia besocras 100 u 55. O3umas poxxks. M — JIHK-mapkep 100+bp
DNA-ladder (100-1000m.0. («EBporen», Poccus) (TumupsizeBckas I0JieBasi OIBbITHAsS
cranuusi, PTAY — MCXA um. K. A. TumupszeBa, Mocksa, 2020).

JIHK Pseudomonas syringae Obuia oOHapy:keHa B 5 aHaJIUTHUYCCKHX OOpasiax pacTECHHIA.
[lonoxureneuele pe3ynbrarel B Buae [ILP-mpoaykra mumHoil 1441m.0, mosydeHbl Takxke IpU
TECTUPOBAHUH MOJIOXKUTEIBHOrO KOHTposi. B octanpubix 50 obpasuax JHK P. syringae ue Obu1
0OHapy»XeH M B OTPULIATEIIBHBIX KOHTPOIBHBIX 00pasmax (OKO). 9to 9% obpasmos JTHK.

Bcero 6bu10 uccnegoano 60 o6pasuoB JAHK, BblIeneHHbIX M3 aHATUTHYECKUX 0Opa3LoB
pactenuii, coOpanneix B Pecrybmmke Kpemv. Dnextpodeporpammer ananuza JJHK ¢ npaiimepamu
PSYTf/PSYr npencraieHsl Ha pucyHke 6.
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Pucynok 6. [Ipumeuanue: «+» — oOHapy»eH, «—» He oOHapyxeH. 1, 11, 17, 18, 19. O3umsIit
saumenb Onera, 2. O3umas nmenuia Axkcunaus, 3, 4, 10, 16, 20-31. O3umas mieHuiia AcCKerT,
5, 9. O3umsiii sumens Bocxon, 6, 7, 12, 13, 14, 15. O3umas nmenuna ['yoepnarop JloHa, 8,

34



32, 50. O3umsbrii ssumenb Berora, 33, 51, 57. O3umeiii ssumens Pyoex, 34, 52, 56. O3umslii
stumenb CipuHTEp, 35, 53. O3umebIii stumenb Toma. 36, 48. O3umelil sumenb Mactep, 37, 49.
O3uMBIH guMeHb ODcnana, 38. O3umasn mienuia Anka, 39. O3umasa muenuna Besnena, 40.
Ozumas mnmenuna Bexa, 41. O3umas menunia Kapasan, 42. OBec Bepnbrii, 43. Osec
Mesmaii, 44. OBec YUepnurosckuii, 45. OBec CkakyH, 46. OBec Iloaropusiii, 47. OBec
I'y3zepuruis, 54. Tputwmkane, mmeHuna, suMmenb, 55, 60. Ozumas mmenuria Kopona, 58.
31ak0B0-0000Basi cmech, 59. Opec. M — JIHK-mapkep 100+bp DNA-ladder (100-1000r1.0.
(«EBporen», Poccust)  (tpm pationa: benoropckuii, = KpacHorBapaeWckui  u
Cumpepononsckuii Pecrrybmmmku Kpeim, 2021).

JIHK Pseudomonas syringae Obuta oOHapykeHa B 26 aHAIUTHYECKUX 00pasiiax pacTeHHUM.
[Tonoxutensubie pe3ynbTaThl B Bujae [IP-ipogykra mgmuHoN 1441m.0, Mody4eHbl TakkKe IpHU
TECTUPOBAHUU TOJOXKHUTEIBHOTO KOHTPOJs. B octampHbiX 34 obpasmax JIHK P. syringae ne ObLn
oOHapyeH M B KOHTPOJBHBIX oOOpasnax c¢ oTpuuarenbHbiM pesynbTaroM (OKO). Orto 43%
aHaym3upyembix oopasnoB JIHK pacrenuii.

Bcero Obuio uccnenoBano 66 ob6pasuoB JIHK, BbIgesneHHBIX M3 aHATUTUYECKUX 0Opas3IoB
pactenuii, cobpanHbix B CTaBpOnoibCKOM Kpae. Dnekrpodeporpammel ananmusa JJHK ¢ npaiimepamu
PSYTf/PSYr npencraieHsl Ha pUCyHKeE 7.
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Pucynok 7. Ilpumeuanue: «+» — oOHapyKeH, «—» He oOHapyxkeH. 1. O3uMblii ssuMeHb Pyoex,
2. O3umas nmenuna CodepoOari, 3. O3umas nenuna Ctuns 18, 4, 6, 8,9, 11-13, 15. O3umas
mmenuna Taxs, 5, 7. O3umas mmenuna [rtwrs 18, 10, 14. O3umas nmrenwniia 'pom, 16.
Os3umslii gumenp baszaneT, 17, 18. O3umas menuna FOouneiinag, 19, 20, 22, 23, 29, 32.
Osumast TBepaas mmeHuIa Ama3oHka, 21. SpoBas TBepmas nienuna Scenckas, 24, 31.
O3zumas TBepaas nuienuna Axont, 25. O3umas TBepaas nmenuua Arat JJlonckoi, 26. O3umas
TBepaas mmeHuna CrermHOW siHTaph, 27. O3umas mmenuna lleatpuna, 28, 33. Tsepnas
ozumas nmrenunia Opapu, 30. O3umas nirenunia Msirkast FOkka, 34, 36, 38-42, 44, 45, 66.
Osumas nmreruna, 35. O3uMebIil saMeHs + oBec, 37, 43, 46. O3umerii stumens, 47, 50, 55.
[MTmenunia YepnsiBa, 48, 49. O3umas niienuiia AnekceeBud, 51, 52, 54. O3umeblii suMeHb
Kappepa, 53. Sdumensr AnekceeBud, 56. Tputukane, 57. O3umas niieHuna AHTOHUHA, 58.
Sposoii ssumens ['puc, 59. Sposoii sumenbs A3umyt, 60. SApoBoii sumens Jleon, 61. Sposoit
s;umeHb PaTHuk, 62. SIpoBoit sumens @opwmar, 63. Sposoi ssumens lllenpsrit, 64. SpoBoi
samMeHb Bakyna, 65. SIpoBoii sumens ABanion. M — JIHK-mapxkep 100+bp DNA-ladder (100-
1000m.0. («EBporen», Poccus) (KouyOeesckuii, bynennosckuii, CoBeTckuii, [ eoprueBckuit,
AHnpponoBckuii, AnekcanapoBckuli, lllnmakosckuii, HoBocenuukuii 1 MuHepasoBOICKUN
CraBpomnoiibckoro kpasi. 2022).

JIHK P. syringae 0buta oOHapyeHa B 5 u3 55 aHaIuTHYECKUX MPOO pacTEeHHid, COOpPaHHBIX B
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Mockse, B 26 u3 60 anamuthueckux mnpod pacrenuit m3 PecnyOmuku Kpeim u B 45 u3z 66
AQHAIMTHYECKHX P00 pacteHuit n3 CTaBpornoiabekoro kpas (puc. 8).
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Pucynok 8 — Pe3ynbraThl 0OHapysxeHus P. Syringae B aHaJIMTHYECKUX MPOOaX pacTeHUM. «+»
P. syringae ob6HapysxeH, «-» P. syringae e ooHapysxeH, «%» yactora Bctpedaemoctu P. Syringae, %

Yacrota BcTpeuaemoctH P. syringae B oOpasiax 3epHOBBIX KyJbTyp coctaBmia 9 %, 43 % u
68 % mis Mocksbl, Pecniyomukn Kpeim m CraBpomonbckoro kpast cooTBeTcTBeHHO (puc. 8). B
CTaBpoIoJabCKOM Kpae yactoTa BetpeuaeMocTu P. syringae Ha 25 % Bbiinie, ueMm B PecriyOiinke Kpbim,
u Ha 57 % BeIIIe, ueM B MockBe. YkazanHas BennuuHa B PecrryOnmke Kpeim Ha 34 % BIIe, uem B
MockBe, HO HIXKe, yeM B CTaBpomojbCKOM Kpae. B MockBe oTMeueH caMblii HU3KHI MPOLIEHT
oOHapyKEeHHUS cpeau Tpex pernoHoB. OOIIME MOKa3aTeslb 4acTOThl BCTpeyaeMmocT P. syringae mo
TpeM pernoHam coctaBui 41 %.

Nnentuduxanus 0aKkTepruaabHbIX H30J5TOB M3 00pa3noB, COOPAHHBIX HA TEPPUTOPHHU
TumupszeBckoii moJieBoii onbITHOI cranuun (MockBa)

Bcero naentuduimposano 168 uzonsaros. Cpenn uIeHTHUIMPOBAHHBIX H30JIATOB OaKTepHit
pona Pseudomonas, koTopble ObUIM TPENCTABICHBI HauOoOJee IUPOKO (YacToTa BCTPEUACMOCTH
70,9 %), unentudunupoBansl Takue Buibl, kak P. chlororaphis, P. graminis, P. poae, P. syringae,
P. trivialis u P. viridiflava.

CreyroImuM 1o 4acToTe BCTpeyaeMoCTH ObUT mpezcTtaBieH pox Frigoribacterium (36,4 %).
baktepun poma Frigoribacterium siBisioTCS pacpOCTPpaHEHHBIMHU MPEICTABUTEISIMH MHUKPOOHOTHI
pacTeHui, crmocoOCTBYIOIIMMH MX POCTy W aaantaiuu. Cpean HUX HIACHTH(QHUIMPOBAaHO 4 m301iTa
F. faeni. Yka3aHHbIN BUJI OTHOCST K SKCTPEMO(PHIBHBIM OPTaHH3MaM, KOTOPbIE MOTYT Pa3MHOKAThCS
Jlayke TIPU HU3KUX TeMIeparypax, Takux kak 2 °C, a Takke B yMEPEHHBIX TeMIleparypax, TaKhuX Kak
20 °C.

bakrepun poma Clavibacter, 3anmmaromme Tpethe MecTo mocie Pseudomonas wu
Frigoribacterium (gacTora BCTPEUYAEMOCTH cocTaBHJIa 16,4%), XapaKTepU3yeTCs
IPaMIIOJIOKHUTEIBHBIMI ~ aHadPOOHBIMH ~ CBOMcTBaMH. [IpencraBurenn poja XapaKTepU3yHOTCS
(HUTOMAaTOreHHBIMKU CBOWCTBAMH, BBI3bIBAsI Ha PACTCHUSAX CUMIITOMBI B BUJE YBSJIaHUS U 1p. Bcero
BhzesieHo 12 mramMoB Oaktepuit poma Clavibacter. Cpenu vux unentuduimporano 10 mramMmmoB
C. michiganensis. DToT BuI XapakTepu3yercsi Kak BO30YIHUTENb OaKTEpPHO30B, KOTOPBIA MOXKET
NPUBECTH K 3aMETHOMY CHIKECHHUIO ypokaitHocTu (10 50 %) BcnencTBue 0aKTEpUAIbHOTO 0XKOTa H
YBSITAHHUS.

K mpounM wmaeHTHQUIIMPOBAHHBIM OaKTEpUsIM OTHOCSTCS NpPEACTaBHTENU poaoB Agreia,
Arthrobacter (sxmirouast A. chlorophenolicus), Bacillus, Cellulomonas, Curtobacterium, Dyadobacter,
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Erwinia, Frondihabitans, Kineococcus, Microbacterium, Micrococcus, Oerskovia, Pantoea (Bkirouas
P. ananatis), Paucimonas (sxmrouas P.lemoignei), Phycicoccus, Plantibacter, Pseudoclavibacter
(sxmouas P. helvolus), Rathayibacter (sxmouas R. festucae), Rhodococcus (Bkmrouas R. fascians),
Salinibacterium, Sanguibacter, Sphingomonas, Staphylococcus u Streptomyces.

NnenTuduxanus 0akTepuaJbHbIX M30JTOB M3 00pa3unoB, codpaHHbix B PecnyOumke
Kpbim

Beero wunentuduuumpoBano 86 mzomsaroB. Cpeaum Hux 27 U30A4TOB (P 4acTOTE
BCTPEYaEeMOCTH Ha COOpaHHBIX 0Opasiax 3e¢pHOBBIX KyIbTyp 41 %) npunamiekan Kk poay Pantoea,
BKiovyas Buabl P.agglomerans, P.ananatis, P.vagans u P. pleuroti. Baktepuun poma Pantoea
YHUKAJIBbHBI, ITOCKOJIBKY IPEACTABUTCIN PpOJa o6naz[a10T KaK XOBHﬁCTBGHHO-HGHHHMH, TaK H
naToreHHeIMu cBoicTBamu. P. agglomerans xapakrepusyercs kak 3un0¢uT U smudur. Hexkoropsie
natoreHusle mraMmsl P. agglomerans BeI3bIBalOT OakTepHalbHBIA 05KOT 36pHOBBIX KyJIbTyp. [Apyrue
mrtamMbl P. agglomerans xapakrepusyroTcsi 0JaroTBOPHBIM BJIHMsSHUEM Ha pu3ocdepy. P. ananatis
BbI3BIBACT HaA JIMCTHAX IIHMICHHIBI KOPUYHCBATLIC ITIOPAXKCHHA C YCTKHMHU KpasiMHU H KCIITbIMU
opeosiamu. [lepenocunkom P. ananatis moxer siBisiThcs 37akoBbiid Jucroen (Oulema melanopus).
P. vagans ucnoss3yercs st KoaTpoist Erwinia amylovora, kotopast BeI3sIBaeT 6aKTepUaIbHbIN 05KOT
KOCTOYKOBBIX KyJbTyp. P. pleuroti usBecrten Tem, 4To BhI3bIBACT OAKTEPHATBHBIN OXKOT.

Kpome Oakrepmii poma Pantoea, B pacturenbHbIX o0pasmax u3 PecnyOmmku Kpeim
uaeHTUGHUIMPOBaHbl mpeacTasurenn pogoB Ochrobactrum, Erwinia, Rathayibacter, Arthrobacter,
Stenotrophomonas, Frigoribacterium, Pseudomonas, Plantibacter, Clavibacter, Curtobacterium,
Enterobacter, Rosenbergiella, Exiguobacterium, Agrococcus, Microbacterium u Enterococcus.

Nnentupuxkanuss  0akTepHaJbHBIX H30JTOB M3  00pa3suoB, CcOOpaHHBIX B
CTaBpomnoybCcKoM Kpae

Bcero upentudunuposano 164 uzonsra. HanbGomnpimas yactora BCTpedaeMocTy HabIro1a1ach
y 6akrepuii poga Rhodococcus: 48,5 %. Beero Beiaeneno 36 mrammoB GakTepuii poga Rhodococcus,
yTo cocTaBisieT 19 % oT Bcex BbLAEICHHBIX MMTaMMOB. Cpeau HUX HIACHTU(QHUIMPOBAHBI BHJIbI
R. cerastii, R. yunnanensis u R. fascians. Kpome 6akrepuii pona Rhodococcus, naeHTuhunnpoBaHsl
npeCTaBUTENIN TaKKX pojoB, kak Achromobacter, Agreia, Agrococcus (Bkirouast Buabl A. Citreus u
A. jenensis), Arthrobacter (Bxirouast A. aurescens), Bacillus (Bxirouast B. pumilus), Chryseobacterium,
Clavibacter  (Bxmouast  C. michiganensis), Curtobacterium (Bxmouwas  C. flaccumfaciens),
Exiguobacterium, Frigoribacterium, Glutamicibacter (sxmouas G. bergerei), Knoellia (Bun
K. aerolata), Labedella, Luteimonas, Microbacterium (Bxirouas Bux M. hydrocarbonoxydans),
Mycobacterium (Bum M. frederiksbergense), Okibacterium, Paenibacillus (Bux P. lautus),
Paeniglutamicibacter (Bxmowass P.sulfureus wu P.terrestris), Pantoea, Pedobacter (Bun
P. petrophilus), Plantibacter, Pseudarthrobacter (sxirouast Bux P.equi), Pseudomonas (Bkmrouas
Buabl P.poae u P.syringae), Psychrobacillus (sung P. psychrodurans), Rahnella, Rathayibacter
(Bxirouas Bua R. festucae), Rhizobium, Sphingobacterium (skmrouas Buz S. faecium), Sphingomonas
u Staphylococcus (Bxirouas S. equorum).

3AKVIIOYEHHUE

> [TpoBeneH oTOop 00Opa3OB pacTeHU 3€PHOBBIX KYJIBTYp B TpeX pernoHax Poccuiickoit
®eneparun: Mocksa (2020 r.), Pecniyonuka Kpeim (2021 r.) u CraBpomnonbsckuii kpaii (2022 r.). B
ITUX TpeX pernoHax cobpan 181 oOpasern pacTeHUI MIIEHUIIBI, PXKH, STAMEHS, OBCA U TPUTHUKAJIC.

> Haiinens! yHUKaTbHBIE TEHETUYECKUE MUIIICHHU TSI BO30OYIUTENSI YePHOTO OaKTeprno3a
37aKOBBIX KynbTyp X. translucens, m Ha ux ocHOBe pa3paboraHo 5 HoBbix IIIIP-recToB st
unentudukarmu puromnarorena: 1F8/1R8, 1F10/1R10, 4F1/4R1, 5F6/5R6 u 6F10/6R10. Hossie ITLIP-
TECThI MOTYT CTaTh YaCThIO PEIICHUS MPOOIEMBbl YCTAHOBIICHUS (PUTOCAHUTAPHOTO COCTOSIHUS TAPTUI
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POCCUICKOM 36pHOBOM MPOTYKIIUH.

> Y CTaHOBIICHO, YTO ONTHMAIBHOM TUTATEIBHOM CPeoi I Ky IbTHBHpOBaHus R. tritici
sBIIsIeTCS mUTaTenbHas cpeaa YPGA.
> OnTtuMHu3UpoBaH METOJT TOJITOTOBKM MpoO 3epHa s mociexyromen [TLP-

unentudukarmu R. tritici, X. translucens, P. fuscovaginae u P. syringae, ucmosib30BaHHe KOTOPOTO B
coBokynHoctu ¢ [II[P-Tectamu no3BOJIMT MPOBOAMTH MAECHTH(UKALNIO (GUTONATOI€HOB B TEUCHHE
6 yacos.

. Bnepseie B Pocculickoit @enepanuu ¢ UCIOIb30BAHUEM MOJIEKYJIIPHO-TEHETHYECKUX
METO/OB JIMAarHOCTUKHM IIPOBEIEHO HCCIe0BaHUEe OOpa3loB pPAacTEHUH 3€pHOBBIX KyJbTYp Ha
coJepkaHue pUTONaTOreHHbIX OakTepuil. B pe3ynpTare TecTupoBaHus 00pa3oB U3 (UTOLEHO30B HA
teppuropun Mockssl, Peciyonuku Kpeim 1 CtaBponossckoro kpas, R. tritici u P. fuscovaginae ue
oOHapyxeHbl, X. translucens oOHapy»xeH B 01HOM o0pasiie nieHuIb u3 KpacHorBapeiickoro paiiona
Pecniyonuku Kpeim, a P.syringae o0HapyxeHa BO BCEX TpeX PpErdoHax, CyMMapHas YacToTa
BcTpeuaemoctu cocrapmia 41 %.

> BriepBble mpoBeZieHO MacHITaOHOE MCCIIEJOBAHWE KOMIIOHEHTOB KYJIbTUBUPYEMOMH
OaxTepuaabHOW MHUKpPOOMOTHI 3€PHOBBIX KyJIbTyp ¢ ucrnoib3oBanuem [II[P u cexBeHupoBaHwsl.
WneHTuduuupoBaHHble M30JATHl  MO3BOJIMIIM  C(OPMHUPOBATH  KOJUIEKIIMIO HATOT€HHBIX U
HENaTOreHHBIX OaKTEpHil, BbIIEICHHBIX U3 3€PHOBBIX KyJbTyp. Koyiekuus B HajgbHEHIIEM MOXKET
OBbITH MCII0JIb30BaHA Ul HAyYHBIX pa3pabOTOK, MPOU3BOJCTBEHHON JESITENbHOCTH U B 00yyaroIeM
mporecce.

Pe3ynbraThl MCClIEI0BaHUM MCIIOIB30BaHbl MPU pa3padOTKe METOJUUECKUX PEeKOMEHJalui
OI'bY «BHUUKP» mo BbIsABICHHIO W HWACHTHU(HUKAIMKA BO30yAHMTENeld OaKTEPHO30B 3EPHOBBIX
KyJIbTYp, KOTOPbIE B HACTOSIIEE BPEMs BBEICHBI B JCHCTBHE U PEKOMEHJOBAaHbI K IIPUMEHEHUIO
UCIIBITAaTeIbHBIMU JTAOOpaTopusiMu Ha Tepputopun PD.

CIIMCOK PABOT, OIYBJIMKOBAHHBIX 1O TEME TUCCEPTALIUN

[IyOnukanuu B U31aHUAX, UHJIEKCUPYEMBIX B MEXAYHAPOJAHBIX HUTATHO-aHAIUTUYECKUX
0azax naHHbIX Scopus u Web of Science:

1. CnomapeBa, O.FO. MWnentudukauusa Bo3Oyauteneil OakTepuo3oB M KOMIUIEKCA
aCCOLMMPOBAHHBIX MHUKPOOPIaHU3MOB B 3€PHOBBIX KYJIbTypaX, 3HAYUMBIX AJI DKCIIOpTa
3epHa (Ha mpumepe TumupsizeBcKoit moneBoit onbiTHOW ctanmuu) / O.}0. Crnoapesa, M.
Mysunru, A.b. fIpemko, B.H. Uronun, B.C. Py6en // Cenbckoxo3siicTBeHHast OUOIOTHSL. —
2023. —T.58. —Ne 1. — C. 188-199.

2. Kavhiza, N. J. Germination response of 12 onion varieties to inoculation with Xanthomonas
euvesicatoria pv. Allii / N. J. Kavhiza, M. Zargar, S. I. Prikhodko, E. N. Pakina, M. Muvingi
/I AIP Conference Proceedings. — 2023. — No 2777.
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3. MyBunrn, M. Unentudukanus Pseudomonas fuscovaginae, Pseudomonas syringae wu
Xanthomonas translucens B 3epue mnmienunsl meromom [P / M. Mysunru, O.I1O.
CrnoBapea, M. 3aprap // Bectauk Poccuiickoro yHuBepcurera npyx0bl HapoaoB. Cepusi:
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[TyOGauKanuu B perieH3uPyEeMbIX HAYUHbBIX U3JIAHUSX:

4. Crnosapena, O.10. Pa3zpaborka HoBbIX [IIIP-TeCTOB a1t AMAarHOCTUKHU BO30YIUTEIISI YEPHOTO
Oakrepno3a 3epHOBBIX KynbTyp Xanthomonas translucens / O.}O. CnosapeBa, E.B.
CrapukoBa, M. MyBunru // ®urocanurtapus. Kapautun pactenunii. — 2021. — Ne 2(6). — C.
37-49.
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Te3ucel u MmaTepuanbl KOHGEPECHIINNI:

5. Muvingi, M. Detection and identification of Rathayibacter tritici in Russian grain crop
survey / M. Muvingi, O.Y. Slovareva, V.S. Ruberts, V.N. Igonin // BuorexHoaorus B
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AHHOTALUSA

OnHuM 13 ($akTopoB, CIIOCOOHBIX OIPpaHUYMBATh SKCIOPT 3epHa U3 Poccuiickoit denepannu,
ABIIAIOTCS OaKTepHalbHbIe (PUTOMATOI€HbI, pEryIHpyeMble PUTOCAHUTAPHBIMU TPEOOBAHUSMU CTPaH-
umroptepoB. Hanbonee 3HauMMBIMU CpeId PETYJIMPYEMbIX BUIOB sIBIsitOTCS Pseudomonas syringae,
Pseudomonas fuscovaginae u Xanthomonas translucens, mockobky 3anpeT Ha X HAJTUYUE B 3¢PHOBOM
IOPOAYKUIUHN BBEIEH TaKUMU KPYIMHBIMH HMIoprepamu, kak Erumer u Typrus. OauH u3 BHIOB
¢duromatorenHbix Oaktepuii, Rathayibacter tritici, sBiseTcs KapaHTHHHBIM OOBEKTOM JUIsl CTpaH
EBpazuiickoro 5KOHOMHUYECKOTO CO03a U MOJIEKUT BBISIBICHHUIO B TPOAYKLUH MIIeHUIbl. Ha MOMeHT
Havaia pabOThl OTCYTCTBOBAIM HAACKHBIE M OBICTPHIE METOABl HICHTH()HKAINN yKa3aHHBIX
¢utonarorenoB. OObEKTaMu WUCCIeNOBaHMS sBIsLIMCH Pseudomonas syringae, Pseudomonas
fuscovaginae, Xanthomonas translucens u Rathayibacter tritici, B cBsi3u ¢ akTyanbHOCTBIO pa3pabOTKH
METO/IOB UX BBISBJICHHS U UACHTU(PHUKAIIMU IPH SKCIIOpTE U uMIiopTe 3epHa Poccuiickoit @eneparueii.

Ha ocHOBaHMM yHHUKaIBHBIX JaHHBIX pa3padboTtanbl HOBbIe [TI[P-Tector — 1F8/1R8, 1F10/1R10,
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4F1/4R1, 5F6/5R6 u 6F10/6R10 s noctoBepHOW BuioBoW wuaeHTudukamuu X. translucens.
VCTaHOBJIEHO, YTO ONTUMAILHON MHUTATEIbHOW Cpeloi s KyiabTuBHpoBaHus R. tritici seisiercs
YPGA. IIpoBenen c6op 181 obpasiia pacteHuii 3epHOBBIX KyJIbTYp B Tpex pernoHax P®D, B Mockse
(cemexmmonnas omnbiTHas ctaHiusa PIAY-MCXA umenu K.A. Tumupszena), Pecnybnuke Kposim u
CraBpomonbsckoMm kpae. O6pasibl nporectupoBanbl MerogoM I[P Ha manuume JJHK uccrienyembix
oaxrepuii, B pesynbrate JJHK P. fuscovaginae u R. tritici me oGuapysxkena, JJHK X. translucens
oOHapyxeHa B onHOM oOpasue u3 Pecrnyonuku Kpeiv, a JIHK P. syringae obGnapyxena B 42 %
o0pa3uoB. M3 pactutenbHbIX 00pa3loB BblaeiaeHbl 434 OakTepUaabHBIX H30JATa, CPEAH KOTOPBIX
NyTeM CEKBCHHUPOBAHUS U CpPAaBHCHHS TIOTYYCHHBIX HYKICOTHHBIX IMOCIEAOBATEIHLHOCTEH C
nocienoBareabHoCcTIMU B NCBI nnentudunmpoano 87 Buaa 6akrepuii, mpuHaaiexammx 49 pomgam.
Wnentudunmposansl Takue Buibl, kak Curtobacterium flaccumfaciens, Pseudomonas chromraphis,
Microbacterium foliorum wu apyrme. OnTHMHU3MPOBaH METOJX IOArOTOBKHM IIpOo0 3epHA IS
nocneaytomero [MI[P-rectupoBanuss mpu TPOBEACHUM JIA0OPATOPHOTO aHAlM3a Ha HAIWYHUE
P. syringae, P. fuscovaginae, X. translucens u R. tritici. Mcnoas30BaHre ONTHMHU3HPOBAHHOTO METO/1A
B couetanud ¢ [ILIP-Tectamu mo3BosieT mpoBecTH 1a00PAaTOPHBIN aHAIN3 B TEYCHUE OJTHOTO JHSI.

Pa3paboranbl ¥ ONTHMU3UPOBAHBl METOMABI BBIABICHUS M HACHTU(UKAIMKU BO3OyAHUTENEit
OaKTepHUaTbHBIX O0JIC3HEH 36pPHOBBIX KYJIBTYP, 3HAYMMBIX JUISI HMIIOPTA U DKCIIOPTA 3€PHOIPOTYKITHH
Poccuiickoit @enepanuei.
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