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The revealing of arbuscular mycorrhizal fungi in Crimean Steppe
Abdurashytov S., Abdurashytova E.
FSBSI “Research Institute of Agriculture of Crimea”, Simferopol, Russia
E-mail: asuleyman@rambler.ru

Arbuscular mycorrhizal fungi (AM) are ecologically obligate symbionts of 80% terrestrial plant species. The use of AM fungi
in agricultural practice promote to increase the uptake of nutrients from the soil into plants, which leads to rise the
photosynthetic and nitrogen-fixing activity. Earlier, researchers of our Institute evaluated the mycorrhization degree of
cultivated and wild plants in the Crimea and the South of Ukraine. Assess of their populations diversity in the Crimean Steppe
is necessary because some agricultural managers changed the systems of plant growing, the source of irrigation or its complete
abandonment in some regions of the peninsula (rice paddy fields). This data will be used in ecologically balanced agriculture.
Therefore, the purpose of the research was to determine the distribution of AM fungi and the level of their colonization of
plants under different methods of agricultural production.

An expedition was conducted to the Crimean Steppe in 2016. Samples of soil and plant roots are selected by sites where
irrigation was previously carried out from the North-Crimean Canal and now revised to river or underground resources,
abandoned watering with the crop rotation exchange to drought tolerant plant (the rice-growing region), and switched to a
different farming system (No- till for 9-10 years). Plant material are chosing according to the principle of the greatest affinity
for mycorrhiza formation. Control was virgin soil of southern chernozem with wild plants from the families Asteraceae,
Linaceae, Poaceae.

The Crimea conditions were quite wet in 2015 and 2016, so the plants developed well and formed a symbiosis with AM fungi
in the drylands conditions. In 2016, the roots in the control site had a frequency of occurrence of AM fungi from various
families 73.2% with the intensity 22.2%. All the investigated objects possessed a high occurrence rate of mycorrhizal
colonization of 58.6-96.2%, the intensity amount 7.8-27.3%. There are no strict dependence on the difference between irrigated
and non-irrigated fields. Wheat, sainfoin and maize grown by No-till farming system had a more developed mycorrhizal
colonization by 8.0-10.9% compared to cereal plants of virgin land and by 32.0-33.9% in comparison with sorghum grains,
grown with full agrotechnics. Sunflower increased the frequency of occurrence by 29.9% this year compared to last;
presumably, the previous culture was a plant that intensively forms mycorrhiza. The average and low occurrence of
mycorrhizal colonization is caused both the plants species (apple tree) and the phase of their development (coriander and dill
immediately after harvest) under irrigation condition. The impact of diseases decreased frequency of occurrence AM fungi by
4.0 or more times compared to healthy sweet cherry trees (chlorosis). The highest colonization rate and intensity of mycorrhiza
were found in onions 96.2% and 74.6%, respectively. Onion is used as a storage plant for AM fungi both in laboratory
experiments and in the production of biopreparations based on them.

Thus, it was revealed that the change in the source of irrigation does not affect at the AM fungi population. AM fungi
intensively colonized healthy plants’ roots when there is watering. The No-till system promoted an increase in the colonization
of plants by mycorrhizal fungi compared to virgin and arable land.

This work funded by RFBR grant Ne 16-34-00548 mol a.



Antagonistic activity of fluorescent Pseudomonas strains to phytopathogenes of genus Fusarium
Abdurashytova E.R., Abdurashytov S.F., Yakubovskaya A.IL.
Federal State Budget Scientific Institution “Research Institute of Agriculture of Crimea”, Simferopol, Russia
E-mail: elvi-jadore@mail.ru

The search for new strains of phytopathogens biological control and determination of the chemical nature of the compounds
produced by them is a current task. Pseudomonas (P. aeruginosa, P. fluorescens, P. putida, P. chlororaphis and P. syringa)
produce a fluorescent pigment of pyoverdine. Certain strains of fluorescent Pseudomonas spp. are capable of producing a
number of antibiotic active compounds of various nature, HCN, phytohormones, and biosurfactants.

The purpose of our research was to investigate the antagonistic activity of new strains of bacteria of the genus Pseudomonas
when interacting with phytopathogenic fungi.

The modified synthetic nutrient medium King BS (Sivolodsky E.P. Patent No. 1296577) was used to detect fluorescent
pigment of collection P. fluorescens P-10 strain and new 13-A, MM-19 strains. The daily cultures of 13-A and MM-19 grown
on King BS without Ba2+ produce yellow-green fluorescent pigment in the ultraviolet part of the spectrum. This luminescence
gives one of the reasons to assume that they belong to the genus Pseudomonas. P. fluorescens P-10 strain — endophyte of
cabbage; 13 A is isolated as growth stimulator of rice; MM-19 — is able to use oil products as a one source of carbon.

The antagonistic activity of fluorescent bacteria was assessed for the phytopathogens Fusarium solani and F. oxysporum under
laboratory conditions. Collection strains of antagonists-phytopathogenes P. fluorescens 2-79, P. fluorescens IC7, P.
chlororaphis OV17(pOV17) were taken as a control, which were provided by the Laboratory of Plasmid Biology of Scriabin
G.K. Institute of Biochemistry and Physiology of Microorganisms RAS. They produce antibiotic agents of the phenazine
series, which suppress expansion of pathogenic fungi and bacteria and have a growth stimulating effect.

The potato-glucose agar was used to determine the antifungal properties of prospective strains of bacteria and their
metabolites. Two layers of medium were poured into Petri dish separated by a sterile filter paper disc to obtain metabolites.
The bacteria cultures were plated on the top layer of the nutrient medium. They were removed together with the paper after
three-day incubation. One block of the seven-day test culture of fungi F. solani or F. oxysporum was inserted into dishes with
test strains or their metabolites to evaluate antagonistic properties. The fungi growth zones were measured after seven-day
cultivation. The inhibitory activity of strains and their bacterial metabolites was calculated by the Abbott formula.

The maximum antifungal activity was shown by the metabolites of 13-A strain. The inhibition of F. solani and F. oxysporum in
this case amounted 100% that high on 10.3% in comparison with 13-A bacterial culture.

Significant suppression of phytopathogenic organisms was detected in the culture of P. chlororaphis OV17 (pOV17) by 57.4%
and 61.6% for F. solani and F. oxysporum, respectively, among the control strains which produce antibiotics of the phenazine
series.

MM-19 and P. fluorescens 2-79 strains exhibited similar antagonistic activity. The growth of F. oxysporum was suppressed by
42.5% and 38.4%, respectively, and for F. solani it was 1.4 and 1.7 times less than for the first fungus.

The inhibition of F. solani growth by metabolites was reduced in the following order: P. chlororaphis OV17(pOV17) > P.
fluorescens IC7 > MM-19 > P. fluorescens P-10 > P. fluorescens 2-79, which was 26.5-11.8%.

The results of inhibition of F. oxysporum expansion by metabolites decreased from 39.7 to 26.0% in the following series: P.
Sfluorescens P-10, P. fluorescens 1C7 > P. fluorescens 2-79 > MM-19 > P. chlororaphis OV17(pOV17).

Thus, growth inhibition of F. solani and F. oxysporum was amounted 100 % after seven days of cultivation by the metabolites
of 13-A strain. Antagonistic activity of live culture of 13-A strain reduced on 10.3% in comparison with its working agents by
interaction with fungi.



Immunobiotechnological approaches in the study of abscisic acid effects on auxin content and lateral root development
in ABA deficient mutant of barley
'Akhiyarova G.R., 'Ivanov R.S., 'Veselov D.S., *Veselov S.Yu., 'Kudoyarova G.R.
'Ufa Institute of Biology, Ufa Research Centre, Russian Academy of Sciences, Ufa, Russia
Bashkir State University, Ufa, Russia
E-mail: ivanovirs@mail.ru

Plant hormonal system plays an important role in the perception of external factors and the regulation of growth and
development of plants. The involvement of auxins in the regulation of roots branching is well known. The role of ABA
increases under stress conditions, which are characterized by the accumulation of this hormone. It is assumed that increasing
the level of this hormone during drought leads to suppression of formation of lateral roots, thus promoting the accelerated
elongation of the primary root. However, the mechanism of action of this hormone on the formation of lateral roots is not well
understood. Changing the branching of the roots under the influence of ABA may be due to the action of this hormone on
auxins. It is shown that ABA activates the conjugation of auxins with amino acids, which should help to reduce their
concentration in plants. However, recent studies have shown the ability exogenous ABA to increase the expression of the genes
controlling the synthesis of auxin. Due to the fact that the content of the hormone is determined by the balance between its
synthesis and inactivation, it was important to assess the effect of ABA on the level of auxins. To solve this problem in this
work we used the ABA-deficient mutant barley plants AZ34 and its parental variety Steptoe. In order to confirm a causal
relationship between changes in the level of ABA and IAA, an exogenous ABA was added to the nutrient medium of the ABA
deficient mutant plant. In our work it was shown that incubation in solution with exogenous ABA increased the content of
ABA in the roots and at the same time led to a decrease in the level of immunoassayed auxins and the number of lateral roots
in them. The number of primordia, on the contrary, increased under the influence of treatment with exogenous hormone, which
indicates the suppression of the elongation of the root primordia and the normal development of the lateral roots. Thus, the
change in the level of hormones and branching when introducing exogenous ABA into mutant plants indicates the important
role of accumulation of ABA in the roots in suppression of their branching and the relationship of this reaction with a decrease
in the level of auxins in the roots under the influence of ABA.

The work was partially supported by the RFBR grant No. 17-04-01477.



Immunobiotechnological approach for differential localization of free cytokinin bases and their ribosylated forms in
wheat roots
'Akhiyarova G.R., 'Korobova A.V., 'Kudoyarova G.R., *Veselov S.Yu.
'Ufa Institute of biology UFRC RAS, Ufa, Russia
Bashkir State University, Ufa, Russia
E-mail: akhiyarova@rambler.ru

We have shown previously that the level of cytokinin accumulation was higher in wheat plants treated with zeatin as compared
to zeatin riboside treatment. Inhibition of secondary active trans-membrane transport with the help of protonophore (carbonyl
cyanide m-chlorophenylhydrazone (CCCP)) sharply decreased root cytokinin accumulation in the zeatin-treated wheat plants,
while the inhibitory effect of CCCP on accumulation of exogenously applied zeatin riboside was less expressed. It was of
interest to study the effect of the protonophore treatment on the endogenous cytokinins (separately zeatin and its ryboside)
content in plant cells that became the aim of the present work.

Experiments were performed on seedlings of durum spring wheat (7riticum durum Desf., cv. Bezenchukskaya 139). When
plants were 7-day-old, they were treated with protonophore cyanide m-chlorophenylhydrazone (CCCP) by its addition to the
nutrient solution to yield 10-5 M concentration. Root tips (5 mm length) were fixed for cytokinin immunolocalization 1 h after
plant treatment with CCCP. Differential detection of free cytokinin bases and their ribosylated forms was based on different
methods of their conjugation to proteins prior to tissue dehydration. Ribosylated forms of cytokinins were conjugated with the
help of sodium meta-periodate that activates sugar hydroxyl groups by their oxidation enabling binding to proteins. A mixture
of aldehydes was used for conjugation of free cytokinin bases. Since after conjugation of ribosylated cytokinins with the help
of periodate, tissues were post-fixed with the mixture of aldehydes, this procedure may result in binding not only ribosides, but
also free cytokinin bases. Conjugation of free bases to proteins was prevented by an increase in pH of solution during the
treatment of the leaf tissues with the mixture of aldehydes.

We detected intensive immunostaining for zeatin and it's riboside in root tip cells. Immunolabeling of the cytokinins (both
zeatin and zeatin riboside) decreased with the distance from the root tips and cells enlargement the effect being best noticeable
in root cortex tissues. Immunolocalization of zeatin riboside revealed intensively labeled cell rows inside the central cylinder.
Their localization along the central cylinder coincided with the location of developing vessels that was in accordance with
assumed transport function of ribosilated form of zeatin. Incubation of the wheat plants in solution of protonophore CCCP
sharply decreased immunostaining for zeatin of root cells. Thus maintenance of zeatin location inside the cells depended on
generation of proton gradient that was likely to keep zeatin inside the cells. Inhibition of secondary active trans-membrane
transport by protonophore slightly decreased immunostaining for zeatin riboside although the extent of the effect was less than
in the case of immunostaining for zeatin. The decline in zeatin riboside immunostaining under protonophore treatment was
better noticeable in the root cortex and root cap but its intensity was not lower than in the control (without CCCP) in the tissues
of root central cylinder. This phenomenon can be explained by fact that the central cylinder is the site of cytokinins synthesis in
the form of hydrophilic riboside containing compounds characterized by lower diffusion capacity through membrane thereby
keeping them inside the root cells under CCCP treatment.



Resistance of different potato cultivars against latent infection of Fusarium spp.
'Akosah Y.A., 'Malova A.V.,, 'Hadieva G.F., 'Lutfullin M.T., *Vologin S.G., '"Mardanova A.M.
'Institute of fundamental medicine and biology of Kazan Federal University, Kazan, Russia
*Tatar Research Institute of Agriculture, Kazan, Russia
E-mail: akosah2005@gmail.com

Dry rot, a common disease of potatoes caused by Fusarium sp. can reduce potato yield by about 60%. Post harvest losses in
potatoes due to latent infections of Fusarium can approach 40%, with 5-10% losses common in even the most modern and
well-managed storage facilities.

We studied the fungal microbiome of potato rhizosphere and conducted a comparative analysis of the abilities of different
cultivars of potato (Solanum tuberosum) to withstand latent infection of Fusarium. As objects of study, we used tubers of the
potato cultivars: Vega, Wendy, Gala, Zhuravinka, Zhukovskiy, Sharpo-Mira, Zekura and Red Scarlett. The cultivars had been
cultivated for about 70 days, harvested in early August and kept in a storage facility at 40C for 100 days. Tubers taken from
visually healthy potato plants were assigned to the control group, whereas experimental samples consisted of tubers from
plants with physical features of Fusarium wilt. The high prevalence the genus Fusarium in the soil and rhizosphere stipulates
the possibility of tuber infection during vegetation. Hence, DNA was isolated for the analysis of fungal microbiome from 6
potato rhizosphere samples of the cultivar Zhukovskiy. The ITS regions of 5.8S rRNA gene in fungal DNA was amplified
using the polymerase chain reaction technique and sequenced by the Illumina MiSeq platform. The sequence data were further
analyzed using the bioinformatics pipeline QIIME, version 1.9.1. Taxonomy was assigned for a single representative sequence
from each clustered OTU using uclust and UNITE database for fungal gene fragments. After the analysis of the metagenome,
fungal communities were classified into 6 phyla, 31 classes, 91 orders, 191 families, and 329 genera. Ascomycota,
Basidiomycota and Zygomycota were the 3 phyla dominant in the potato rhizosphere, accounting for 98-99% of the all fungal
taxa. Sardoriomycetes Dothideomycetes and Eurotiomycetes were dominant in the class Ascomycota with respective
prevalence of 43.84%, 15.04% and 12.73% in the rhizosphere. Agaricomycetes and Tremellomycetes were dominant in the
class Basidiomycota with frequencies 1.9% and 6.32%. Mortierellomycotina and Mucoromycotina dominated the class
Zygomycota with occurrence of 3.58% and 3.66%. Fusarium population in samples of the rhizosphere varied, but averagely,
they comprised 10.3%. Investigating latent infection involved the isolation of fungi from 10 tubers per cultivar by conventional
microbiological methods. No isolates were obtained from the control samples. Among the experimental cultivars, Sharpo-Mira,
Zekura and Gala showed resistance to latent infection in tubers. A latent strain of Alternaria sp. was obtained from Wendy and
a total of 8 strains (2 strains of Fusarium sp. per variant) were isolated from the remaining cultivars. Primary identification of
isolates was carried out using morphological features on Czapek Dox Agar (color, growth pattern of the mycelium, the
presence and form of micro- and macroconidia as well as the formation of exudate). The predominant appearance of a whitish
cottony aerial mycelium with the presence of fusiform and sickle-shaped macroconidia as well as ovoid and curved
microconidia indicated the possible affiliation of these micromycetes to the genus Fusarium. Growth rate of isolated strains
was studied by measuring their colony diameter. After 7 days of incubation at 25 °C on Czapek Dox Agar, isolates did not
show any signs of pigmentation, but those from Zhuravinka exhibited the fastest growth rate with a mean colony diameter of
3.30cm, whereas the lowest growth rate of 1.65cm was observed in isolates from Zhukovskiy. DNA isolation and analysis of
the ITS regions of the 5.8S rRNA gene will be carried out for further molecular characterization of the isolates associated with
latent infection.

This work is performed in accordance with the Russian Government Program of Competitive Growth of Kazan Federal
University.



Amyloid-forming proteins of bacteria of the order Rhizobiales are involved in pathogenesis and plant-microbial
interactions
2 Antonets K.S., "*Kliver S.F., ""Nizhnikov A.A.
'All-Russia Research Institute for Agricultural Microbiology, Pushkin, St. Petersburg, Russia
2St. Petersburg State University, St. Petersburg, Russia
E-mail: kirantonez@gmail.com

Rhizobiales represent one of the most significant for agriculture and biotechnology group of prokaryotes including various
species of root nodule bacteria that fix atmospheric nitrogen and form symbiosis with leguminous plants as well as pathogenic
for plants and animals species. Due to the importance of symbiosis to the life of root nodule bacteria, their proteomes contain
many proteins responsible for plant-microbial interactions.

Recently, it was shown that some proteins of another group of bacteria, Enterobacteriaceae, are involved in biofilm formation
and host-pathogen interaction form amyloids and are functional in this state.

Amyloids are highly physically and chemically stable protein fibrils with monomers bound together with intermolecular 3-
sheets. Amyloids are widely known as the lethal pathogens causing dozens of incurable diseases of humans and animals, but
there are also a number of functional amyloids implicating various vital biological functions in a wide range of organisms,
from archaea and bacteria to humans. Most of the amyloid-forming proteins harbor characteristic features in their sequence:
short amyloidogenic hydrophobic regions or extended sequences enriched with amyloidogenic amino acids like asparagine and
glutamine (QN-rich).

We used Waltz tool and SARP algorithm to find both types of amyloidogenic regions in the proteins of Rhizobiales bacteria. 86
proteomes of different species of Rhizobiales were analyzed. As a result, we found that from 11 to 22% proteins contained
short amyloidogenic regions predicted with Waltz and up to 1.4% of proteins in the proteomes of Rhizobiales harbored QN-
rich regions found with SARP. Regions predicted with Waltz were most prevalent in transmembrane proteins involved in
transport and secretion, while QN-rich sequences were abundant in a broad range of pathogenesis-associated proteins, e.g.
LptD-like and YadA-like proteins, hemolysin-like and flagellar proteins. Some of these proteins represent virulence factors
which are important not only for pathogenesis but are also implicated in symbiosis. For example, proteins with LptD-like
domains participate in the surface lipopolysaccharide production that is involved in virulence and symbiosis. Proteins with
hemolysin-like domains include rhizobiocins, the calcium-dependent toxins that protect Rhizobiales from other bacterial
species and affect the effectiveness of symbiosis. Thus, considering similarities in the molecular mechanisms of pathogenesis
and symbiosis, we propose that formation of amyloids by these proteins might play functional role in the processes of host
roots infection and invasion during formation of plant-microbial symbiosis.

This study was supported by the Russian Science Foundation (Grant No 17-16-01100).
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Effect of bacteria titer on the results of biotesting their growth-regulating activity under conditions of heterotrophic
plant nutrition
'Arkhipova T.N., 'Kuz'mina L.Yu., 'Kudoyarova G.R., *Veselov S.Yu.
'Ufa Institute of Biology UFRC RAS, Ufa, Russia
Bashkir State University, Ufa, Russia
E-mail: TNArkhipova@mail.ru

The promising nature of biotechnology based on increasing crop yield and plant resistance with the help of Plant Growth
Promoting Rhizobacteria (PGPR) determines the urgency of the search for new and more effective strains. The ability of PGPR
microorgamisms to stimulate plant growth depends on their production of phytohormones. Although the evaluation of the
ability of bacteria to accumulate phytohormones in their culture liquid can be used for the initial selection of promising strains,
there was no direct correlation between the level of production of phytohormones in vitro and their growth stimulating effect
on plants in vivo. These results indicate the necessity to test the growth stimulating action of bacteria directly on plants
demanding application of simple primary biotests. The object of the study was a soil cytokinin-producing bacteria
Paenibacillus ehimensis IB 739 from the collection of the UIB RAS. Biotesting the plant growth promoting activity was
carried out by treating seeds of wheat (Triticum aestivum, cv Omskaya 35) with the initial bacterial suspension (titer 5.1x10°
cfu/seed), its ten times diluted sample (titer 3.3*10* cfu/seed), culture liquid (titer 1.2*10? cfu/seed) and bacterial biomass
diluted as described above (titer 5.7*10* cfu/seed). Wheat seeds were placed in Petri dishes and germinated in the dark at 23°C
for 3 days on sterile tap water or 100 mM NaCl. The length and mass of roots and shoot of wheat seedlings were estimated.
Treatment of seeds by the initial bacterial suspension with the highest titer had a negative effect on the plant growth, which
was most clearly manifested in the absence of stress (the mass of roots and shoot was less in comparison with the control by 33
and 19% respectively), while root mass was by itself also inhibited under salinity. Ten-fold dilution of the initial bacterial
suspension was accompanied by the manifestation of its ability to stimulate plant growth. This was clearly manifested in the
increase in mass (1.7 - 1.8 times) and the length of the roots (2 times) in both variants of the experiment. Treatment of seeds
with bacterial biomass without the culture liquid resulted in only a 1.5-fold elongation of the roots compared to the control in
the absence of salinity. The growth stimulating effect of the purified bacterial biomass on the root length was not manifested in
the presence NaCl. The same regularity was observed, when assessing the mass of roots. These results indicate growth-
promoting activity of the components present in the culture liquid manifested in the root growth stimulation, to greater extent
in the presence NaCl. Treatment of the seeds with a culture liquid without the cells also stimulated the growth of the roots of
wheat plants as suggested by the increase in their length and mass. The stimulating effect was the same as in the case of
treatment with microbe biomass but lower than in the case of the treatment of seeds with a diluted bacterial suspension in the
absence of salinity. The promoting effect of the culture liquid on the root growth was observed not only in the absence of
salinity, but also under stress conditions. This was different from the action of purified bacterial mass, whose stimulating action
on the roots was detected only the absence of stress. These data indicate that both bacterial cells and cultured fluid affect the
results of biotesting, and both of these components should be present during the testing of bacterial preparations. Thus our
results show that the primary biotesting of the potential ability of bacterial preparations to stimulate plant growth under both
optimal and stress conditions can be carried out on seedlings grown in the dark. The necessity of diluting initial bacterial
preparation should be also emphasized. These conditions do the process of biotesting simpler.

This work was supported by RFBR Grant Ne 18-04-00577 A.
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Aquaculture and introduction of water caltrop 7Trapa sibirica Fler. (Lythraceae) in the Republic of Bashkortostan

'Artyukhin A.E., *Mikhaylova E.V., "*Kuluev B.R.
'Bashkir State University, Ufa, Russia
*Institute of Biochemistry and Genetics UFRC RAS, Ufa, Russia
E-mail: mikhele@list.ru

Water caltrop Trapa L. in an annual aquatic plant, endangered in many regions of Russia. It is in the Red Book of The Republic
of Bashkortostan, where it can be found only in two lakes - Upkankul and Bilgilyar. On the basis of the results of RAPD and
ISSR analysis, we suggest that local population most probably belongs to the species Trapa sibirica Fler. We did not find any
genetic polymorphism between the populations in these two lakes. The fruits of water caltrop are edible and have better
nutrient composition than potato. They can even be used to replace real nuts due to the import substitution plan. However, in
Russia this plant is not grown in culture anymore, and the growth environment is completely forgotten.

In order to find optimal conditions for the growth of T. sibirica, we studied the lakes Upkankul and Bilgilyar, as well as 15
nearby lakes. We found that pH in the two habitats was around 6,7-6,8, however in other reservoirs it varied mostly from 7,5 to
8,9. The temperature in them was also a little lower, than in Upkankul and Bilgilyar. In the lake Bilgilyar the mineral nutrition
was rather poor, which could affect the size of the leaves and fruits of T. sibirica and the amount of the plants. We found only
28 plants there, however in Upkankul there were more than 5000 plants, and they were nearly twice bigger.

We planted the fruits in aquarium on the putrid mud with pH 6, and 90% of them successfully germinated and flowered. In
aseptic conditions and on the sand fruits did not germinate, probably because of the lack of organic compound. We also
introduced the fruits in the nearby lakes with most appropriate conditions in May 2018.
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Mechanisms of adaptation of associative symbiosis of peas with rhizosphere microorganisms to toxic aluminum
'Belimov A.A., 'Shaposhnikov A L, 'Azarova T.S., 'Makarova N.M., 'Puhalsky J.V,, 'Loskutov S.I., 'Sekste E.A., 'Kichigina
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In the circumstances of increasing anthropogenic pollution of agricultural landscapes and the presence of large areas with high
soil acidity, especially important to search for environmentally friendly and energy-efficient approaches to produce
consistently high yields and provide the population with quality food. Therefore, scientists around the world conduct intensive
basic research aimed at the selection of resistant plant genotypes, the disclosure mechanisms of metal tolerance and
accumulation, as well as the study of the processes involved in transformation of toxic elements in soil and rhizosphere. Of
particular importance and urgency to address this complex problem are studies related to the interaction of plants with soil
microorganisms, as microorganisms are a key element in the transformation of nutrients and toxic elements in soil and form
different types of symbiosis, which play an important role in plant mineral nutrition and adaptation to the environment. This
report is aimed at reviewing and understanding the mechanisms of eco-chemical interactions and integration of plant-microbe
symbiotic partners in the presence of toxic aluminum, which are mediated by biotic factors of transformation the elements in
the rhizosphere, root exudation of low molecular weight compounds (organic acids, sugars and amino acids), genotype
dependent responses to stressful conditions and plant growth stimulation. The objects of the experimental research were
specially selected components of plant-microbe systems, namely pea (Pisum sativum L.) genotypes contrasting in tolerance to
aluminum. For this purpose a intraspecies variability of pea in tolerance to and accumulation of aluminum was studied in
details using hydroponics. A new methodological approach for selection of PGPR based on their ability to increase the pH of
the environment and immobilize toxic aluminum in the rhizosphere was implemented. The new strains were identified,
characterized and deposited in the Russian Collection of Agricultural Microorganisms (RCAM, St.-Petersburg, Russia). The
impact of PGPR on plant growth, uptake of aluminum and nutrients and symbiosis of plants with nodule bacteria or
mycorrhizal fungi, as well as and the possibilities of using plant-microbe systems for sustainable agriculture under adverse soil
conditions caused by high acidity and aluminum toxicity will be discussed. The work was supported by the Russian Science
Foundation (grant 14-16-00137).
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Methyl jasmonate and 20-hydroxyecdysone application for activation of potato plants defense systems
'Benkovskaya G.V., 2Mardanshin L.S., 'Sorokan A.V., *Savchenko R.G., 'Nikonorov Yu.M.
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Perceptions of tools for number control of phytophagous insect pests are closely related to environmental safety. Impetuous
expanding of insecticides spectrum doesn’t solve the problem of safety. Understanding of necessity to use natural defense
mechanisms of plants is more evident today. Human role in plant protection - assistance in organizing conditions for full
realization of the plants protective capacity. First of all, it regards to selection and breeding of new varieties resistant to attacks
of pests and pathogenic microbes. Taking into account the importance of plant cultivars in ecosystem we need to evaluate
possible consequences of intensification the inducible defense in plants which can change interactions between other members
of ecosystem, microbionts as well as macrobionts. New varieties of potato, Baschkirsky and Burnovsky created in Bashkir
Institute of Agricultural Science have been included into the State Register of Selection Achievements of the Russian
Federation. These varieties differing by barrier mechanisms depending on rate of signal systems working display remarkable
distinctions in effectiveness of insecticides application for potato yield protection. To continue our investigations we have
compared potato varieties with different mechanisms of resistance by reactivity toward the exogenous inductor of plant
defense response methyl jasmonate (MJ) and insect development steroid regulator 20-hydroxyecdysone (20E). Evaluation of
their impact on survival and development rate of Colorado potato beetle larvae under the laboratory conditions showed not
only the difference in cultivar’s effects, but also contrary results of MJ and 20E application. Under the field conditions MJ
reduced the number of egg batches on plants of varieties Nevsky, Udacha and Zhukovsky. Affect of MJ and 20E on the
Colorado potato beetle instars structure depended on the varietal difference too. There were not any younger larvae on
Lugovskoy plants 7 days after treatment, and 20E delayed larval development on this variety. Similar change of structure
caused by application of MJ and 20E on Nevsky and Zhukovsky plants. Thus, in the most cases use of MJ and 20E enhanced
the sensibility of I-I1I instars larvae to barrier properties of potato. MJ enhanced defense properties of potato plants, decreasing
larvae number on all varieties beside most resistant Baschkirsky and Zhukovsky plants. The effect of pest number reducing
after 20E application observed for plants Lugovskoy and Burnovsky, whereas 20E weakened defense properties of Udacha and
Baschkirsky plants. Recently obtained results of analysis of microbial community in the Colorado potato beetle’s gut showed
very high sensitivity of insect’s microbiom to the host plant features and its ability to display high plasticity level during the
development. Usage of elicitors and regulators of defense reactions in plants and phytophagous insects will allow us to choose
the most adequate approach to protect the concrete potato variety.

Investigations funded by RFBR — Bashkortostan Republic, Ne 17-44-020347-r a.
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Effect of the biofertilizer based on silicate solubilizing bacteria on the photosynthetic apparatus of Brassica juncea (L.)
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Borisova G.G., Maleva M.G., Koshcheeva O.1., Sedyaeva O.V., Panikovskaya K.A.
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Silicate solubilizing bacteria (SSB) can play a substantial role in solubilizing non available forms of silicates as well as
phosphates and potassium, hence increasing soil fertility and plant productivity.

The aim of this study was to investigate the influence of SSB-enriched biofertilizer (SSB-EB) on the structural and functional
photosynthetic parameters in wild and cultural forms of Brassica juncea (L.) Czern.

Photosynthesis is the key metabolic pathway, which determines growth and development of plants. Assimilation activity of
leaves is closely related to their structure and the content of photosynthetic pigments.

The pure culture of SSB was isolated from the clay substrate, cultivated on Zak—Alexandrov medium and identified as Bacillus
sp. To obtain the biofertilizer, SSB culture (0.6 x 108 cfu mL™") was mixed with steriled peat (1:1, v/w) and dried at 35-40 °C.
B. juncea plants (wild and cultured forms) were grown from seeds during two months in the pots with adding SSB-EB to the
clay substrate (1:10 w/w). Mature leaves were used for the experiments. The clay substrate plus peat without SSB were used as
a control.

The content of total phosphorus in B. juncea leaves was determined spectrophotometrically at a wavelength of 680 nm after
wet digestion with the mixture of sulfuric and perchloric acids. The content of potassium was determined using the atomic
absorption spectrometry (AAS Vario 6, “Analytik Jena”, Germany) after wet digestion with 70% HNO3 (analytical grade).
Leaf mesostructure parameters were determined in 20 replicates. Transverse slices of leaves were obtained using a freezing
microtome MZ-2 (Russia). A computer-assisted protocol based on Simagus Mesoplant software (OOO “Siamz”, Russia) and
light microscope (“Meiji Techno”, Japan) were used to determine the quantitative parameters of mesophyll cells and
chloroplasts. Leaves were preliminary macerated with 5% chromic acid dissolved in 1 N HCIL. The pigment content was
determined in 96% ethanol according to Lichtenthaler (1987) using PD-303 UV spectrophotometer (“Apel”, Japan).

It was found that adding SSB-EB to clay substrate increased the content of total phosphorus and potassium by 20 and 25%,
respectively. The number of mesophyll cells per unit leaf area in B. juncea leaves (in both forms) was significantly higher
when the SSB-EB was added (by 20 % in average), than in the control plants. A similar trend was observed for chloroplasts,
their number per unit area was increased by 10% in average, which led to growth of plastid material volume. When the SSB-
EB was added, an increase in the surface index of cell and chloroplast membranes was also observed, that can provide an
upsurge in the conduction of the mesophyll for carbon dioxide.

The content of photosynthetic pigments in both forms of B. juncea was significantly increased with the addition of SSB-EB.
The amount of total chlorophyll in cultural form of B. juncea was increased higher (by 70% to control) than in wild form (by
30%), while initially its content in wild form leaves was higher (1.8 times) than in cultural. The ratio between photosynthetic
pigments with the addition of SSB-EB did not change significantly.

Addition of SSB-EB enhanced the solubilization of clay silicates resulted in the increase in available phosphorus and
potassium content in substrate, which further improved the growth of B. juncea.

The study concludes that adding SSB-EB to clay substrate can improve the photosynthetic function of plants via structural and
functional changes of assimilation tissue of B. juncea both in wild and cultural forms.

Hence the SSB-EB can be used as fertilizer for reclamation of disturbed lands, as well as for increasing the productivity of
agricultural crops.

The work was supported by the Ministry of Education and Science of the Russian Federation (agreement No 02.A03.21.0006).
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Screening of endophytic bacteria Bacillus spp. produced antifungal lipopeptides
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Improving agricultural crops productivity in the modern world involves the use not only of chemical, but also biological agents
of plant protection. Biocontrol involves the use of naturally occurring nonpathogenic microorganisms that are able to reduce
the activity of plant pathogens and thereby suppress diseases. Of particular interest are endosymbiotic bacteria, for example the
genus Bacillus spp. that live in internal plant tissues of apparently healthy host plants. Some endophytic bacteria are able to
systemically prime the plant’s immune system. The mechanism of biological agents’ action is involved in disease suppression
by endophytic bacteria, viz. production of metabolites with antibiotic properties. Lipopeptides produced by microorganisms are
one of the five major classes of biosurfactants and they have received much attention from scientific communities.

A screening assay and selection of efficient endophytic bacterial antagonists of the genus Bacillus spp. which can produce
lipopeptides. In this investigation, were used the strains B. subtilis 26D (collection ARRIAM St.-Pb. Pushkin, Nel128), B.
subtilis 11VM (ARRIAM Ne519), B. thuringiensis 10 (Russian National Collection of Industrial Microorganisms, B-6066), and
isolates bacteria Bacillus Nel and Ne8-2, isolated from wheat, zoned in the Republic of Bashkortostan. Previously, it was
shown that all the strains studied had endophytic properties to wheat plants. In the experiments, strains Fusarium culmorum,
Helmintosporium sativum, Alternaria solani, Phytophthora infenstans from the collection of the Plant Immunity Biochemistry
Laboratory of IBG RAS were used. Our results identify the surfactin gene (NCBI EU882341) in B. subtilis 26D, Bacillus Nel
and Ne 8-2. The iturin A biosynthesis gene (D21876) was present in B. subtilis 11BM. Whereas the fengicin synthetase gene
(AJ011849) was detected in B.thuringiensis 10. From each strain lipopeptides were isolated and their antifungal activity was
studied. It was shown fungicidal action to H.sativum had 4 strains: B. subtilis 11BM, B. subtilis 26D, Bacillus Ne 1 and Ne §8-2.
In relation to Ph. infenstans antagonistic activity was exhibited by strains of B. subtilis 11BM, B. subtilis 26D, Bacillus Ne 8-2
and B. thuringiensis 10. It is important to note of all the strains studied only B.subtilis 11BM showed antifungal activity to all
four pathogens, but more to F.culmorum and H.sativum, to a lesser extent to the other two. The remaining bacterial strains
displayed selectivity for pathogens. Thus, Bacillus Ne 8-2 most strongly inhibited the growth of Ph.infestans, and B.subtilis
26D - H.sativum and Ph.infenstans, but didn’t affect F.culmorum and A.solani. B. thuringiensis 10 slightly reduced the growth
rate of Ph. infenstans, but did not affect the rest of the pathogen. Bacillus Ne 1 also slightly inhibited the growth of only one
fungus - H. sativum.

Thus, among the strains studied were detected bacteria with antifungal activity to a number of fungi. The greatest influence on
pathogen growth was exerted by strains B. subtilis 11BM, to a lesser extent - B. subtilis 26D, Bacillus Ne 8-2 and B.
thuringiensis 10. It has also been shown B. subtilis 11BM contains ituA gene, B. subtilis 26D and Bacillus Ne 8-2 is srf gene,
B. thuringiensis 10 is fen gene. The endophytic microorganisms studied in this report require further study and may become
basis for creation of biological agents for plant protection.

The research has been carried out using equipment from the Regional analytical Centre of collective usage “Agidel” and the
Unique scientific installation “Kodink™ with partial financial support of the Russian Foundation for Basic Research (RFBR)
grant Ne 17-29-08014 (2018).
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The adaptive potential of winter wheat to the effects of heavy metals under application the complex of microbial
preparations
Chaikovskaya L.A., Baranskaya M.I., Ovsienko O.L., Klimenko N.N.
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One of the widespread pollutants for environment are heavy metals (HM): they cause significant harm for its different
components, in particular to the soil. By joining the trophic chain, HM change the intensity of metabolic processes of plants,
which reduces their productivity and crop quality. It is known that under the influence of adverse factors, in particular HM, the
formation of active forms of oxygen increases in cells: there is oxidative stress, which can lead to death of the organism. Plants
have various effective systems of protection against oxidative stress: they synthesize antioxidants and enzymes that eliminate
toxic oxygen radicals. At the same time, it is known that microorganisms are intermediaries between soil conditions and plants
and can significantly increase the stability of the macrosymbiont to stress. That is why the search for techniques that increase
the resistance of plants to the negative effects of HM, does not lose relevance. Application of microbial preparations on the
basis of bacteria with a complex of useful properties is an important aspect of modern agriculture biologization. In light of the
above, the aim of our research was to study the effect of seeds presowing bacterization on the formation of adaptive potential
of winter wheat on the early stages of development in soil pollution by HM (Pb, Cu, Cr) in the conditions of vegetation
experience.

The plants were grown for 6 weeks, the soil - southern carbonate heavy-loamy chernozem. The pots were filled with the soil
and HM salt solutions following levels of contamination: 1 MPC; 2,5 MPC and 5 MPC. In the control variant HM were not
applied. For seeds presowing inoculation used complex microbial biopreparations (CMB): Diazophit, Phosphoenterin,
Biopolicid. The seeds in control were not bacterizated. Sampling of plants for analysis was carried out three times: 2, 4 and 6
weeks after germination.

It was found that the content of glutathione was the most clear indicator characterizing the stress effect of HM on juvenile
plants of winter wheat: the presence of HM in the soil led to increase of its quantity in the leaves. Thus, in 2-week wheat plants
glutathione content in leaves was 21.5 mg % (control). Soil pollution of HM at level 1; 2,5 and 5 MPC led to an increase in
glutathione content in wheat leaves to 29,8; 97,3 and 139,4 mg%, respectively. Subsequently (after 4 and 6 weeks) this trend
has continued. It should be noted that presowing inoculation contributes to decrease the content of glutathione in leaves of
wheat. In our opinion, this indicates an increase in the adaptive potential of bacterizeted plants to HM and less intensive
development of oxidative stress. Thus, soil pollution of HM at the level of 1 MPC led to decrease in the content of glutathione
in the leaves of bacterized plants compared to not bacterized by 26%, 13% and 7% (2 -, 4-and 6-week plants, respectively). On
backgrounds 2,5 and 5 MPC HM similar action of inoculation is revealed: decrease in the content of glutathione in leaves on
15-30% and 5-20% respectively in different periods of sampling is noted. Thus, it was established that bacterized plants of
winter wheat are more resistant to oxidative stress.

The inhibitory effect of HM on the productivity of young plants of winter wheat was also revealed: their mass decreased from
0.29 g/1 plant (control) to 0.07 g/1 plant on the background of 5 MPC TM. Presowing bacterization contributed to increasing
the mass of plants. Thus, the backgrounds of TM (1, 2.5 and 5 MPC), it amounted to 0.30; 0.29 and 0.09 g/1 plant,
respectively, which exceeded the indicators of control options to 7-48%.

Thus, it was shown that the use of microbial preparations for presowing inoculation of winter wheat seeds contributes to the
adaptive potential of young plants and increase their productivity in soil pollution.
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In modern processes of environmental pollution the priority role belongs to heavy metals (HM). They have different ways of
entering to natural and agro ecosystems: discharge of factories and plants, motor vehicle emissions, the use of chemical plant
protection products, etc. As a result, HM accumulated in the soil and hydrosphere, as well as migrate into the plants grown in
contaminated areas. It is possible to reduce the toxic effect of HM in the conditions of agrophytocenosis in the transition to
biological agriculture, one of the methods of which is the use of environmentally friendly microbial preparations. It is known
that included in their composition beneficial microorganisms improve the growth and nutrition of crops, and also have
protective properties, defending plants from pesticides and stress.

The aim of our research was to determine the effect of presowing inoculation on the content of copper in the rhizosphere of
winter wheat and its migration into the plants in model field experiments.

Field studies were conducted at the experimental field of the Crimean agro-industrial College (Simferopol district). Soil —
southern low-humus carbonate chernozem. The replication of experiments — 4-fold. Culture — winter wheat. The area of
experienced plots was 5 m2, their placement is randomized. The CuSO4 solution was added before laying the experiment in
the soil from the calculations corresponding to the contamination levels: 5, 10 and 20 MPC. The control variant didn’t contain
Cu. For presowing inoculation of wheat seeds, a microbial preparation Phosphoenterin was used, the seeds were moistened
with water in the control. Determination of the quantitative content of water-soluble forms of copper in the soil and plants
(seeds) was carried out by atomic absorption analysis according to the methodological guidelines of GOST for the
determination of HM in soils of farm land and crop production.

The analysis of the obtained results showed that the background content of Cu in the soil of the experimental site was 0.59
mg/kg and did not exceed the permissible values of MPC (6 mg/kg). There was a trend to reduction in background
contamination of soil in the rhizosphere of wheat plants bacterisated. Pollution of the HM soil led to a significant increase in
the level of rhizosphere contamination by water-soluble compounds of copper. Thus, their content exceeded the permissible
value of MPC 3, 7 and 12 times against the background of 5, 10 and 20 MPC, respectively. The use of Phosphoenterin for
presowing inoculation allowed reducing the concentration of Cu in the rhizosphere of bacterisated plants in comparison with
the control: 4, 1.5 and 3 times and amounted to 4.8; 30.7 and 24.9 mg/kg on the background of 5, 10 and 20 MPC, respectively.
It should be noted that despite significant fluctuations in the amount of water-soluble copper compounds in the rhizosphere of
winter wheat on the background without introducing Cu and at different levels of pollution, their content in grain did not
exceed MPC (for grain 10 mg/ kg) and was 5,64 — 7,65 mg/kg. Thus, it was found that the use of microbial preparation
Phosphoenterin for presowing inoculation of seeds contributes to the reduction of water-soluble copper compounds in the
rhizosphere of bacterized plants. There was no noticeable effect of inoculation on the content of water-soluble copper
compounds in winter wheat grain.
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Microbiome of seeds and vegetative parts of conifers (Norway spruce, Scots pine, European larch) plants has been studied. It is
shown that at the level of phila dominated by the representatives of Proteobacteria and Actinobacteria. The most interesting
results of microbiome analysis of coniferous plants seeds was obtained at the level of families. For Norway spruce found that
the diversity of endophytic bacteria in the composition of the microbiome is small and is determined by two main families:
Enterobacteriaceae, and Comamonadaceae, which presented in the composition of the microbiome of the seeds from the
Republic of Tatarstan and the Republic of Mari EL

Analysis of species diversity of bacteria in the microbiome composition of the vegetative parts of conifers showed similarity to
the microbiomes of endosphere of seeds of conifers. It is shown that the composition of the endophytic microbiome of the
vegetative parts of conifers found not more than 2-3 species of bacteria that belong to the same families that were found in the
seeds. To study the sites of colonization of endophytic bacteria in the internal tissues of plants labelled strain of Pseudomonas
sp. 2ES+dsRED has been designed. It was studied the spatial localization of endophytic microorganisms in plants using
fluorescence in situ hybridization (FISH) and with the help of dsSRED -labeled strain.

It was established that the cells of the bacteria Bacillus atrophaeus 14 actively settled endosperm of wheat, lying in its
conductive tissues. Cells of bacteria Pseudomonas sp. 2ES+dsRED were localized in the porous vessels of the shoots of
grapes, lying single or in small clusters. Their ability to the circulation through the vessels of plants of grapes has been
observed. In model experiments it was shown that endophytic bacteria are able to colonize the root surfaces and the
rhizosphere of plants. In pot and field experiments the effectiveness of endophytic bacteria on grapes, oats and radishes was
demonstrated. Thus, the increase in root length of plants oat radish increased by 43-100% in comparison with the control, and
the grape harvest increased by 7.7%.

As a result of experiment with the transgenic line DR5-GUS of Arabidopsis thaliana changes in the amount and localization of
auxin under the influence of metabolites in culture medium of bacteria were identified. The increase and change in localization
of expression of DR5-GUS was observed under the action of metabolites of strains of Bacillus subtilis 6ES and Pseudomonas
asplenii RMBD. Under the influence of metabolites of the standard strain B. subtilis Ch-13 small increase in the expression of
DR5-GUS was detected only in the transition zone between the meristem and the zone of tension. In a solution of TAA at a
concentration of 10-7M (0.17 pg/ml) increase of GUS expression was strongest. Thus, on the basis of obtained data we can
conclude that not all indole compounds identified in culture medium of strains are biologically active auxins.

Technological parameters for cultivation of 5 promising strains of endophytic bacteria have been studied. Temperature and pH
optima for cultivation of five promising strains of endophytic bacteria were selected. Composed and optimized nutrient
medium for the cultivation of the studied strains of endophytic bacteria as a result of experiments. In experiments for study of
fungicidal properties of bacterial suspensions of tested strains produced on optimized culture medium it was shown that the
optimized medium has a beneficial effect on the production of antifungal metabolites. The work was carried out within the
framework of the study using the means of subsidies of the Ministry of education and science of the Russian Federation
(agreement No. 14.601.21.0016, unique identifier of the agreement: RFEMEFI60117X0016).
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Researches in our laboratory have shown earlier that endophytic strains of Bacillus subtilis induce an explicit protective effect
on wheat leaves infected with Stagonospora nodorum Berk, which causes wheat leaf and glume blotch. The ability of
endophytic bacteria from the genus Bacillus sp. to suppress the development of pathogenic microflora and to degrade pathogen
produced toxins, as well as their high growth-regulating activity, is related to the bacterial production of bioactive metabolites.
Among these metabolites, cyclic lipopeptides are of particular interest, since they have been shown to cause induced systemic
resistance (ISR) in plants. It is widely known that the production of reactive oxygen species (ROS) in the plant cell
dramatically increases in response to infection. ROS go through a chain reaction and in its last stage accumulate as hydrogen
peroxide. The main enzymes involved in the regulation of hydrogen peroxide concentration are catalase and peroxidase.
Peroxidase catalyzes the polymerization of phenolic compounds in a lignin barrier on the way of the fungi, preventing it from
spreading to healthy cells. There are evidences of PR-gene enhancing activity of bacterial lipopeptides in plant cells. In this
connection, the purpose of this research is to study the effect of lipopeptide-rich fraction from B. subtilis strain 11BM
metabolites on the generation of hydrogen peroxide, catalase and peroxidase activity and PR-genes (cat, LOX, PR-2, PR-6,
PR-9) expression in wheat leaves infected with the hemibiotrophic fungi S. nodorum Berk. For this, a lipopeptide-rich fraction
with a molecular weight less than 3 kDa was isolated by acid precipitation from a 3-day B. subtilis strain 11BM culture filtrate.
The object of study were soft spring wheat (Triticum aestivum L.) leaves of the cultivar Kazakhstanskaya 10, which is
susceptible to S. nodorum leaf and glume blotch. 6-day wheat seedlings leaves were sprayed with solutions of lipopeptides of
different concentrations (from 0 to 250 mkg/ml), and infected with a suspension of a spores (10° spores/ml) virulent strain S.
nodorum from the laboratory collection 24 hours after. The leaves were fixated 24, 48 and 72 hour after being infected. Non-
infected wheat leaves were used as a control group.

Our results showed that high concentrations of lipopeptide induces plant susceptibility to the pathogen attack, demonstrated by
wider necrotic zones on the leave surface and unbalanced protection system. Spraying the leaves of wheat with a solution of
the lipopeptides at a concentration less than of 50 pg/ml resulted in a reduction already 24 hour after infected catalase activity,
the increase in the concentration of hydrogen peroxide and increased the activity of peroxidase, the increase of the expression
the genes encoding of peroxidase, lipoxygenase and PR-6. Thereby, the use of low concentrations of lipopeptides from B.
subtilis strain 11BM leads to a moderate stimulating effect on the protective enzymes and the PR-genes, which was
demonstrated 5 days after infection by smaller necrotic stains as compared to leaves not treated with lipopeptides.
Undoubtedly, the speed of ROS generation plays a significant role in plant resistance to pathogens. However, only in case of
the pro-/antioxidant system working harmoniously not only generating, but also degrading ROS, plants are able to build a
successful line of defense against pathogens and maintain the vitality of their tissues.

The research has been carried out using equipment from the Regional analytical Centre of collective usage “Agidel” and the
Unique scientific installation “Kodink™ with partial financial support of the Russian Foundation for Basic Research (RFBR)
grant Ne 17-29-08014 (2018).



20
Endophytic bacteria from leaves optimization of isolation procedure and growing in different medium
Darkazanli M., Kiseleva 1.
Ural Federal University, Institute of Natural sciences and Mathematics, Department of Experimental Biology and
Biotechnologies, Yekaterinburg, Russia
E-mail: mdarkazanli@urfu.ru

The aim of this study was to the isolate the endophytic bacteria and Methylobacterium, optimize its isolation procedure and
check their ability to grow in different medium.

Ethanol, sodium hypochlorite, and mercuric chloride at various concentrations and duration were employed to optimize the
surface sterilization for the isolation of endophytes from Phaseolus vulgaris (beans), Pisum sativum (peas), Triticum (wheat),
and Hordeum vulgare (barley), and characterization of isolates were carried out by Nutrient agar, Methanol medium with 1%
peptone, and Methylobacterium medium.

Combination of 2% sodium hypochlorite, and 70% ethanol, was found effective for the surface sterilization of wheat and beans
but for different periods, In case of barley and peas, 0.2% mercuric chloride was found suitable for the surface sterilization.

In preliminary screening the bacteria grow good in Nutrient Agar, And for Methylobcterium, the methanol medium with 1%
peptone is more suitable for bacteria than Methylobacterium medium.

Ethanol, sodium hypochlorite, and mercuric chloride were found effective decontaminating agents in optimum condition but
for different time. In the preliminary screening diverse colony, different shapes, color, margins, and textures were observed,
and the methanol medium with 1% peptone is more suitable for Methylobacterium.
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Diatoms are perspective organisms for different biotechnological applications. Nowadays, reproductive biology of diatoms is
sufficiently elaborated, and main principals of their breeding and classical selection have been formulated. In view of
infraspecific variability, clones differ by their physiological and biochemical capabilities. The pennate diatom Haslea ostrearia
(Bory) Simonsen is known because of species-specific water soluble blue pigment, marennine. Clones maintained in our
laboratory are differentiated by the intensity of blue colour. In principal, production of target substances can be enhanced as a
result of clone selection. Sexual reproduction is a key point of genetic manipulations implied by classical breeding approach.
Many diatoms reveal heterothallic mode of reproduction, some of them strictly heterothallic. This suggests differentiation of
sexes. Coexistence of sexually compatible clones allows planned breeding manipulations. In the aforementioned H. ostrearia,
sexually compatible mating types (for convenience, "male" and "female") are morphologically indistinguishable. At the same
time, we were able to interbred them and isolate initial cells, i.e. a progeny of new generations. In the progeny, the clones were
also differentiated by the marennine production ability. H. ostrearia is known from different parts of the Ocean. We maintained
in a culture clones originated from distantly located populations. Mating experiment revealed sexual compatibility of some of
them. The fact makes it possible to interbreed clones which gene composition may be not so different to prevent mating but
sufficient to provide positive effect of hybridisation. The known genealogy of particular clones of H. ostrearia provides a good
base for breeding experiments.

Following broader definition of plant breeding, we have to recognize that mutation and genetic engineering are also applicable
procedures leading to gene composition changes, apart from classical selection. Discrepancy between these two principal
approaches, i.e. classical breeding and genetic engineering consists in the way the new generations acquire new traits. In the
case of artificial gene manipulation the genetic complex of a particular organism obtains new combination which may occur to
be misbalanced. Classical selection also directed to genome modification but suggests sustainability of newly acquired gene
compositions, resulted from sexual reproduction, gene reparation, and natural selection. Genetic engineering cannot substitute
classical methods; contrary, the use of both approaches may provide positive complementary effect.
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Filamentous aerobic soil actinobacteria of the genus Frankia can induce the formation of nitrogen-fixing nodules on the roots
of a diverse group of plants from eight dicotyledonous families, collectively called actinorhizal plants. Within nodules, Frankia
can fix nitrogen while being hosted inside plant cells. Like in legume/rhizobia symbioses, bacteria can enter the plant root
either intracellularly through an infection thread formed in a curled root hair, or intercellularly without root hair involvement,
and the entry mechanism is determined by the host plant species. Nodule primordium formation is induced in the root pericycle
as for lateral root primordia. Mature actinorhizal nodules are coralloid structures consisting of multiple lobes, each of which
represents a modified lateral root without a root cap, a superficial periderm, and with infected cells in the expanded cortex.

An overview of nodule induction mechanisms and nodule structure is presented, including comparisons with the corresponding
mechanisms in legume symbioses. The similarity between the infection thread growth mechanism in actinorhizal Fagales and
legumes is supported by the fact that in both symbioses, the promoter of a nodule-specific subtilase gene from Casuerina
glauca, cgl2, is only active in infection thread-containing cells, indicating the conservation of a transcription factor in both
symbioses. The infection thread growth mechanism in actinorhizal Cucurbitales is clearly different from the infection thread
growth mechanism in actinorhizal Fagales and in legumes.

Independent evolutionary origins have been proposed for the actinorhizal symbioses in the three phylogenetic groups of its
host plants. This is supported by the infection mechanisms which are consistent within the three groups. Many parallels exist
between legume/rhizobia symbioses and actinorhizal Fagales, but parallels between legumes and actinorhizal Rosales or
Cucurbitales are less obvious. This is interesting in that the newest phylogenetic studies showed Fabales as a sister group to
(Rosales, (Fagales and Cucurbitales)), i.e., the similarities between legumes and actinorhizal Fagales cannot be explained by
their phylogenetic position. Even in actinorhizal Fagales, phytohormone effects on nodule formation seem to differ from those
in legumes, consistent with the differences in nodule structure in both systems. Actinorhizal Cucurbitales offer a unique
opportunity to examine the differentiation of cells that can stably accommodate a eubacterial microsymbiont; however, it
seems that at least their infection thread growth mechanism is different from that established in legumes and in actinorhizal
Fagales. The fact that the mechanism of stably internalizing microsymbiont involves multinucleation might be correlated with
the endoreduplication of infected cells in legume nodules.

This research was financially supported by the Russian Science Foundation (grant no. 16-16-00089).
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Flax (Linum usitatissimum L.) is a widely distributed crop which is used for fiber and seed production. Cultivation of flax
varieties, that are resistant to unfavourable environments, is required for obtaining stable and high yields, while understanding
the mechanisms of flax stress resistance is necessary for the development of adoptive cultivars. Unfavourable soil acidity is
one of the most harmful abiotic stresses that significantly limits flax growing. Excessive liming of soils causes humus
decomposition and limited availability of some macro- and micronutrients, especially zinc (Zn), and results in “physiological
depression” of flax plants. Currently, flax genotypes with increased resistance to unfavourable soil acidity are identified, but
mechanisms of the resistance are unknown. In the present work, response of flax plants to increased pH level and Zn
deficiency was studied. Plants of flax cultivars Norlin (resistant) and Mogilevsky (sensitive) were grown under control
conditions, increased pH level (7.5), Zn deficiency (1000-fold reduced Zn content), and both Zn deficiency and pH 7.5. Total
RNA was isolated from root tips of pools consisted of 10-12 plants using RNeasy Plant Mini Kit (Qiagen). TruSeq Stranded
Total RNA Sample Prep Kit (Illumina) was used for library preparation. Sixteen cDNA libraries (two cultivars in four different
conditions, in duplicate) were sequenced on Illumina NextSeq500 with 80-nucleotide read length. As a result, about 40 million
reads were obtained for each experiment type. Transcriptome assembly, annotation, expression analysis, and gene set
enrichment analysis were performed using Trinity, Trinotate, TransDecoder, Bowtie2, RSEM, edgeR, and Goseq. At pH 7.5,
upregulation of stress-related genes and downregulation of genes, associated with the biogenesis of the cell wall, were revealed
in flax plants. Under Zn deficiency, expression alterations were identified for genes involved in transmembrane transport and
photosynthesis. Besides, distinct expression changes were revealed for flax genotypes with diverse resistance to studied
stresses. Thus, we identified genes with expression alterations in flax under non-optimal acidity and Zn deficiency. These
genes are involved in diverse processes, including cell wall biogenesis, transmembrane transport, and photosynthesis, and
could play an important role in flax response to the studied stresses. Genes with distinct expression changes between resistant
and sensitive genotypes could determine flax resistance to non-optimal acidity and Zn deficiency. This work was financially
supported by the Russian Science Foundation, grant 16-16-00114.
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Recently, the production of organic food and consumer demand in Kyrgyzstan has increased due to their health benefits and
mainly because of environmental safety and soil biodiversity. Organic farming, unlike conventional farming, does not use
chemical pesticides, synthetic fertilizers, irradiation and GMO seeds. An innovative view of agricultural production attracts a
growing demand for biological fertilizers, as an alternative to agrochemicals.

When biofertilizers are applied to seeds, to plant surfaces or soil, they colonize the rhizosphere or the interior of the plant,
promoting growth by increasing the availability of primary nutrients to the host plant.

Soil bacteria belonging to Streptomycetes are considered as promising biocontrol organisms, due to their potential to produce a
wide range of secondary metabolites such as vitamins, alkaloids, antibiotics, plant growth factors, enzymes and enzyme
inhibitors. We have developed a new formula of biofertilizer based on rhizosphere bacteria of the Streptomyces genus.

In the present study, we used this biofertilizer to treat the seeds of cereals and industrial crops before sowing them into low
fertility soil to determine the effect of this biological agent on the rate of germination, growth of seedlings and shoots, on the
maturation phase of plants, functional rhizosphere biodiversity and resistance of these plants to pathogens. Microbial diversity
of plant rhizosphere was studied in different phases of vegetation by amplifying of 16S rRNA genes.

Despite the low soil fertility and the lack of irrigation water in summer, this fertilizer or Streptomyces product has showed a
growth stimulating effect in all phases of development of soybean (Glycine max), wheat (Triticum aestivum) and beetroot
(Beta vulgaris), ultimately increasing biomass and yield of grain and beans, root crops as a whole. The germination rate of
seeds for eight days was ranging from 85,0 to 100%; in control — 70-71,8%.

Thus, as the results have shown, the effects of Streptomyces biofertilizer on the rhizosphere microflora of wheat differed from
that of soybean and beetroot in relation to phases of plant development. In the shoot phase of wheat, we observed a marked
restraining effect of biological agents on the development of ammonifiers in the rhizosphere. 16S ribosomal RNA analysis
revealed a rich biodiversity of bacteria in the rhizosphere of wheat in the maturation phase, which differs from the biodiversity
of bacteria in the rhizosphere of soybean and beetroot in the same phase. Bacteria of Microbacterium genus from the
Actinobacteria phylum dominated in the rhizosphere of wheat.

The degree of Streptomyces sp. survival in the rhizosphere of soybean and beetroot was stable and higher than in the
rhizosphere of wheat.

The results allowed us to confirm that Streptomyces sp.is an ideal biological agent for use against soil infections, due to its
high colonization of the root system of soybeans, beetroot and significant colonization of wheat. Streptomyces sp. introduced
into non-sterile soil entered into competition with the local soil microflora and had the ability to colonize the rhizosphere
system of plants.

Using Streptomyces sp.through the seeds has improved the composition of the soil microflora, attracting saprophytic
rhizosphere and nitrogen-fixing microorganisms.The use of Streptomyces sp.as a biological agent hastened the phenophases of
plants by 3-5 days, increasing the height of the plants and the size of the leaf blade, creating a hostile environment for the
development of weeds and phytopathogens. Treatment of seeds by biological fertilizer such as Streptomyces gn-2 is an
important prerequisite for profitable crop production and ensuring a full and environmentally healthy crop.
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In the present age, more than 500 different formulations of pesticides are used, mainly in agricultural tricks. These
formulations are in general artificially synthesized substances that are non-biodegradable and enhance environmental toxicity.
Kyrgyzstan is a unique country with a rich natural and agricultural biodiversity in almost every region. However, there is a
large legacy of former storehouses and dumping zones for obsolete pesticides and wastes from pesticide production, as is often
observed in former Soviet countries. They pose a serious threat to the people living there, to livestock and to the environment.
Pesticide persistence in the environment is caused by either the physic-chemical properties of the pesticide or the lack of
organisms able to degrade it. Degradation caused by organisms (biodegradation) could help decrease considerably pesticide
persistence in the environment. Microorganisms are vital for the bioremediation of pesticides. The complete biodegradation of
the pesticide involves the oxidation of the parent compound, resulting in carbon dioxide and water; this provides energy to the
microbes. In soil where the innate microbial population cannot manage pesticides by themselves, the external addition of
pesticide-degrading microflora is recommended. The main purpose of this research is to study the microbial structural
complexes of pesticide-contaminated soils in dumping zones, and to search for and select microorganism-destructors with
cytochrome P450 genes for pesticide degradation, the use of selected bacteria for the bioremediation of heavily polluted soils
around the burials sites in model experiments. The 16S rRNA analyses and the specific primer set P450R have revealed
bacteria from heavily polluted soils with cytochrome genes, which are directly involved in degradation process of organic
carbon compounds. Active bacterial strains from Pseudomonas fluorescens, Bacillus polymyxa, Micrococcus flavus, Bacillus
megaterium and Flavobacterium sp. populations were selected in vitro experiments. In vivo experiments blend of bacteria:
Micrococcus flavus, Bacillus cereus, Bacillus megaterium, Pseudomonas fluorescens and Flavobacterium sp, and single
culture of Pseudomonas fluorescens were used for biodegradation in soils contaminated with obsolete pesticides. The
chromatographic analysis of the polluted soils at the Suzak A site before and after biodegradation using a blend or a single
culture of active destructive bacteria was conducted. The level of degradation and transformation was different for each of the
various species of pesticides. Six months later, following the incubation of the soil containing high concentrations of pesticides
with active destructive bacteria, heptachlor-epoxide pure and dieldrin were fully degraded and their concentration was almost
reduced to zero values (0.382 mg/kg and 0.096 mg/kg respectively) by the blend of bacteria. On the other hand, Endrin
aldehyde was only subject to non-severe degradation by the blend of bacteria over this period; its concentration was reduced
only 1.5 to 1.6 times. The concentration of B-BHC was decreased by 5.5 times and that of Endosul-sulf + 4.4 DDT by 27.5
times within six months using the blend of bacteria.The single culture of Pseudomonas fluorescens reduced B-BHC and
Dieldrin pesticide concentration to zero values (0.044 mg/kg and 0.32 mg/kg). Endrin aldehyde was resistant to this bacterial
degradation and remained almost intact after the six onths. In the control soils for both sites, abiotic degradation was
insufficient, in spite of the fact that loosening and watering was conducted regularly. We conclude that the bioremediation of
polluted soils around the Suzak A and Suzak B burial sites should be achieved based on the type of pesticide, the
environmental matrix and the organisms present in this ecosystem. Soil pH, temperature, cell count, biomass growth rate,
substrate bioavailability and moisture are important parameters to assure bioremediation.
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Soybean (Glicine max (L.) Merr) is one of the many Far Eastern riches. The content of valuable nutrients (full protein and oil)
in the seeds makes it one of the main crops of agricultural production in many countries of the world. The traditional selection
of crops cannot provide the radical restructuring of plants, so the use of biotechnology and genetic engineering is of particular
in-terest. As a result of researches the genetically changed somaclones of soybean which reliably exceeded the initial forms on
a number of economic valuable features are received. Applying laser and gamma irradiation upon the seeds for the first time in
our practice there were obtained in vitro regenerant lines resistant to Septoria (R646) and Cercospora (R623). Using method of
ISSR-analysis there were defined genetic differences of the regenerant lines which were developed with the use of heavy metal
ions as a mutagenic agent (Cd*", Cu*"). In the analysis of the amplification products of regenerant line 1357 and its original
form-variety Hodson, there were identified 53 fragments, nine of which were polymorphic (16.98%). According to
biochemical indicators, the three lines had higher content of oil and histidine in the seeds, with a low indicator of linolenic acid
(R 1485, R 1357 and R 1490).

Applying method of agrobacterial transformation, we gave an estimation of influence of genotypes and type of explant upon
regeneration ability of sev-en soybean varieties. Immunologic evaluation in vitro of the soybean transgenic line containing the
gene AMP I, in its genome, allowing to expand limits of the plants resistance to phytopathogenes, showed that degree of the
Septoria leaves infection of transformant- plants (Septoria Glycines Hemmi) is 25.7% less than the standard variety Cercospora
infection, (Cercospora sojina Hara) and Peronospora infection (Peronospora manshurica (Naum.) Syd.) — 20, 0%. The results
present efficiency of use of the mentioned directions of biotechnology and genetic engineering used for the development of the
initial material for soybean selection.
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Plant-growth-promoting rhizobacteria are important for plant adaptation to external stress, in particular to water deficit or to
drought. We examined the effect of the associative plant-growth-promoting rhizobacteria Azospirillum brasilense Sp245 and
Ochrobactrum cytisi IPA7.2 on the physiological and morphological variables and proline content in potato (cv. Nevsky)
microclones. The microclones were osmotically stressed in vitro by adding 25 gl of polyethylene glycol (PEG; Mr 6000) to
the nutrient medium; this corresponded to an osmotic pressure of -0.0189 MPa in the growth medium. To study the effect of
bacteria and water deficit on the plants, we designed four experimental treatments: (i) control (no bacteria or PEG); (ii)
bacteria minus PEG; (iii)) PEG minus bacteria; and (iv) bacteria plus PEG. Suspended bacteria were added to a liquid
Murashige-Skoog nutrient medium so that their final concentration in the medium was 10° cells ml”'. The stress lasted 7 days,
after which the stress was removed and the efficacy of repair was assessed. The state of the plants was assessed on the basis of
morphological and physiological variables such as shoot length, number of nodes per shoot, number of roots per plant, average
root length, and wet weight of roots and shoots. We also measured the content of proline, a cellular defense component, in
stems, roots and leaves. In the absence of PEG A. brasilense Sp245 positively affected shoot length (increase, 37%) and the
wet weight of leaves, stems and roots (increases, 64%, 22%, and 77%, respectively), as compared with uninoculated plants. By
contrast, O. cytisi IPA7.2 under the same conditions was weakly stimulatory only to shoot length. PEG inhibited plant growth,
particularly root growth. Under osmotic stress, the leaf content of proline increased sharply. The proline content of root
decreased, possibly as a result of cell injury by PEG. Bacterial inoculation contributed in part to the alleviation of the stress and
to the promotion of shoot growth. After the stress was removed, the content of proline remained high for 7 days. Inoculation,
however, promoted a quicker decrease in proline content during repair, which correlated with shoot growth and,
correspondingly, with increases in leaf and steam weight, as compared with the control. During repair, O. cytisi IPA7.2 more
stimulatory to plant growth than A. brasilense Sp245. It may be that strain Sp245 could not withstand prolonged stress and was
losing its defense functions. Overall, inoculation of potato in vitro with A. brasilense Sp245 and O. cytisi IPA7.2 let to better
adaptation of potato microclones to osmotic stress. Increasing the adaptation potential of plants in purposely developed plant-
microbe associations is promising from the standpoint of general approaches to environmentally benign agriculture, with
decreased amounts of pesticides and fertilizers applied.
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Modern development of innovative directions of plant biotechnology requires new fundamental data on morphogenesis both in
natural conditions and in culture in vitro. Callus is a convenient model for studying various aspects of plant morphogenesis. To
date, considerable factual material has been accumulated concerning various aspects of callus research, but many questions
remain open. So, far from the final solution remains the question of the phytohormones participation in the realization of the
morphogenetic potential of callus cells. In cultivated wheat calli there are different morphogenesis pathways in vitro, one of
which is embryoidogenesis - the formation of embryoids (embryo-like structures). The role of auxin (considered to be the main
regulator of embryogenesis from the earliest stages) has been studied quite well. At the same time, data on the role of other
phytohormones, including cytokinins, are few in number. The aim of the investigation was to study the cell localization of
cytokinins in the early stages of embryoidogenesis, which are critical periods of development. The objects of investigation
were embryo calli of wheat (cv. Bashkirskaya 26). The standard methods of histological studies and the method of
immunolocalization of phytohormones with the using of gold-labeled antibodies were applied in the work. It has been
established that the initial stage of all morphogenesis pathways in vitro, including embryoidogenesis, is universal and consists
in the isolation in the callus of groups of meristematic cells that differ from the rest of the callus cells by a dense cytoplasm and
the central location of the nucleus. These cells are characterized by intense divisions.
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Traditional and genetic engineering selection of crops, growing them on a rich agronomic phone with the use of pesticides, in
optimal soil conditions lead to the loss of symbiotic connections with useful microorganisms, including bacteria protecting
plants from diseases and increasing stress resistance. Increased interest to "green" technologies, organic farming, revives the
demand for biological methods for managing the productivity and sustainability of cultivated plants. One of the promising
agrotechnologies is the use microorganisms associated with the plant and representing an "additional genome" of plants,
replenishing and improving some of the functions of the macroorganism. The plant microbiome consists of both ectophytic and
endophytic bacteria, capable of nitrogen fixation, phosphate-solubilization, production of phytohormones, physiologically
active substances, contributing to overcoming abiotic and biotic stress. The use of bacterial preparations ensures an increase in
the productivity and quality of biological products while reducing energy intensity and material costs.

In recent years, an interest in endophytic microbiome — the normal "internal" microflora of the plant organism — has increased
significantly. Today, more than 200 species of endophytic bacteria are known that can colonize any plant species without
causing pathogenesis, spread systemically over the plant and carry out a prolonged regulatory effect on its metabolism.
Deciphering the mechanisms of symbiosis of plants and endophytes at the molecular-genetic level is in the trend of modern
scientific research.

Endophytic bacteria are not characterized by highly specific relationships with plants like the legume-rhizobia symbiosis.
However, the same endophytic strain manifests its properties differently when interacting with even different varieties of one
plant species. The theory of a universal strain that works effectively on all kinds of plants is not confirmed in practice. The
solution of this problem could be application of bacterial consortia with a wide set of strains possessing specific activity to
certain kinds and grades of plants. But the maintenance of such consortia on artificial environments lead to a competitive
exclusion of some participants and the prevalence of others. Therefore, a system for maintaining the stability of bacterial
consortia in vivo is needed.

The second problem is related to take into account the different doses of the biologicals because growth regulating effect of
endophytic bacteria associated with the phytohormones production, which can be manifested in opposite ways in different
plant species. Therefore, precise adjustment of recommended doses of introducing bacteria into different crops is necessary.
The third task of creating preparations based on endophytes is due to the fact that under certain stress conditions, certain genes
"on / off" certain genes not only of plants, the expression of which can influence the host's relationship with microorganisms,
but also endophyte genes. Consequently, it is not enough to provide the plant with the right bacteria and to give them in the
right dose, it is necessary to help the owner activate the existing "additional genome" resource in order to successfully
overcome stress and be highly productive. To solve this problem it is necessary, on the one hand, to select the host genotypes
for the "ability" to control the endophytic microbiome, and on the other hand, the ability to enhance the metabolic capabilities
of endophytes with the help of effectors (signal molecules) produced by these endophytes.

Problems and strategies for the precise design of endophyte plant microbiomes (inoculation of flowers to form a microbiome in
the emerging seeds, injection into the plant in vivo, the creation of an "intelligent" capsule that selectively releases its
components depending on the signal requirements of the host plant and others) are discussed in the report.
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Bacteria of Pectobacterium genus cause plant soft rots that lead to great crop losses all over the world. These bacteria are
considered as inhabitants of intercellular spaces of core parenchyma where they degrade middle lamella resulting in
characteristic symptoms of tissue maceration. However, by a comprehensive analysis of plant-Pectobacterium atrosepticum
(Pba) pathosystem formation, we have demonstrated that a considerable part of the life cycle of this bacterium proceeds in the
primary xylem vessels, where Pba forms biofilm-like structures termed by us bacterial emboli. These structures represent
dense clusters of bacterial cells that tightly bind to each other forming huge bungs in the primary vessels. The assemblage of
bacterial emboli requires many physiological and biochemical processes to take place in the infected plant.

The effective association of separate microbial cells in a holistic structure — bacterial emboli — is provided by a peculiar
extracellular matrix composed of plant cell wall pectic polysaccharide rhamnogalacturonan I (RG-1). RG-I is released from the
plant cell wall into the vessel lumen because of the host plant susceptible responses. These responses include the accumulation
in the primary xylem vessels of the reactive oxygen species that were previously shown to provide scission of polysaccharides
and loosening of the plant cell walls. In addition, by RNA-Seq analysis of Pba-infected plants we revealed the induction of
expression of plant genes encoding the enzyme and proteins for the plant cell wall loosening, including those that encoded
rhamnogalacturonan lyases — the enzymes for scission of RG-I.

When released into the vessel lumen, RG-I forms a polymeric network that serves as an initial matrix for bacterial cells
enabling them to gain a foothold in a particular site of the xylem vessel and to form “multicellular” structure. Using the
original artificial model of xylem colonization by Pba, RG-I was shown to induce aggregation of pectobacteria. The phenolic
compounds included in the composition of RG-I are discussed to be engaged in the association of RG-I-fragments into supra-
molecular network resulting in matrix formation.

At the advances stages of bacterial emboli development, RG-I within the extracellular matrix is substituted for Pba
exopolysaccharides that were firstly identified in our study. The structure of these polymers was characterized by NMP-
spectroscopy; by immunolabeling, Pba exopolysaccharides were detected within mature bacterial emboli.

The observed phenomena permitted us to make conclusions on the functions of bacterial emboli in systemic plant colonization.
First, bacterial emboli by blocking upward transpiration stream in the primary vessels provide the conditions for the downward
migration of bacteria to underground plant parts, including progeny tubers that is advantageous for vertical transmission of the
pathogen to the next generation of the host. Second, within these structures Pba cells are likely to pass through developmental
stages that is supported by a gradual modification of Pba cells morphology in the course of bacterial emboli development;
herewith, the terminal stage is associated with conjugation-like processes that are know to precede the formation of dormant
cells. And third, bacterial emboli are unlikely to determine Pba aggressiveness, since their formation occurs not only during
acute infection but also in the course of asymptomatic one. In addition, these structures are not formed in the secondary xylem
— the major water-transporting tissue of the plant, therefore, bacterial emboli cannot significantly reduce water transport in the
whole plant. Thus, the life of pectobacteria in the primary vessels seems to be the basis for the development and functioning of
the pathosystems. The study was supported by RSF (15-14-10022) and a grant MK-2191.2017.4.
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Plant soft rot is a pectobacteria-caused disease that greatly impacts crop production worldwide. Pectobacteria are usually
considered as brute force pathogens that degrade plant cell walls. Nevertheless, these phytopathogens may presumably apply
much more sophisticated strategies during interaction with the host, since the genomes of pectobacteria contain genes that
encode type III and type VI secretion systems, effector proteins as well as phytotoxins — the weapons of “stealth” biotrophic
pathogens that normally induce specific plant susceptible responses in order to colonize macroorganisms. Unfortunately, plant
responses to pectobacteria including those related to susceptibility/resistance to these pathogens remain poorly described.

Here we compared the transcriptional profiles of mock and Pectobacterium atrosepticum (Pba)-infected tobacco plants in order
to describe general picture of the host physiology in the course of soft rot development. Over eight thousand differentially
expressed genes (DEGs) in infected and control plants were revealed. In order to correctly interpret a large amount of
transcriptomic data in terms of general physiology, cDNAs were functionally classified according to various general (UniProt,
KEGG, GenBank, Gene Onthology) and plant-specific databases (TAIR, SolGenomics, PlantPAN, PlantProm) using blastx.
For DEG classification into functional categories and evaluation of up- and down-regulated ones, custom scripts have been
written in R programming language. These scripts are now freely-available at GitHub (https://github.com/RimGubaev). Since
automatic classification may possess some drawbacks, it was manually checked and supplemented according to literature data
in order to avoid information losses. To present complex transcriptome information within representative schemes and plots,
KEGG Mapper, MapMan, BioCyc software as well as custom R scripts were used.

The application of various databases and computational approaches allowed us to draw very detailed and literally colorful
picture of infected plant. Gene categories related to some hormonal systems (jasmonic acid- (JA) and ethylene-mediated), cell
wall modification, secondary metabolism, respiration, protein and starch degradation were up-regulated during the infection. In
turn, processes that control cell cycle, plant development, auxin- and gibberellin-mediated responses, photosynthesis were
repressed after pathogen invasion. Gene expression changes of several functional categories are discussed in terms of
susceptibility/resistance of the plants. For example, the induction of JA-related genes represents plant susceptible response,
since 1) the coronafacic acid-deficient mutant unable to induce JA-pathway is avirulent, and 2) pre-infectional treatment of
plants with JA did not reduce lesion development caused by Pba.

This study was supported by Russian Scientific Foundation Nel15-14-10022.
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Respiratory tract infections (RTI) are responsible for health burden worldwide. The major etiological agents of RTI are viruses.
However a disease is often complicated by bacterial pathogens that colonize respiratory tract. Currently, it is considered that
the opportunistic microflora plays an important role in the development of respiratory diseases. The problem is complicated by
the increasing resistance of microorganisms to currently used antibiotics. So, nowadays it is important to search for new
antimicrobials agents of natural origin. Endophytic actinobacteria are the microorganisms found inside the plant tissues (roots,
stems, flowers, fruits, seeds) and not causing damages to their plants. Endophytic microorganisms can prevent plant from
diseases and they can be used as biological agents for treating human diseases also.

In this work, we obtained 11 isolates of endophytic microorganisms from Achillea millefolium L. (1 - from the leaves, 5 - from
the stems and 5 - from the roots). By using agar block method we obtained that 8 isolates of endophytic actinobacteria show
antimicrobial activity against microorganisms associated with respiratory tract infections (Escherichia coli, Acinetobacter
baumannii, Pseudomonas aeruginosa, Klebsiella pneumoniae, Enterobacter cloacae, Staphylococcus epidermidis,
Staphylococcus aureus, Enterococcus faecalis, Corynebacterium striatum, and Candida tropicalis). Endophytic actinobacteria
from roots exhibited the highest activity against the selected microorganisms than those from leaves and stems. Isolate 8R2
from roots showed antimicrobial activity against Staphylococcus epidermidis and Candida tropicalis. The antimicrobial
activity of cellular acetone extract, extracellular ethyl acetate and n-butanol extracts of the 8R2 isolate was measured using the
disc diffusion method. Extracellular ethyl acetate extract caused the largest growth inhibition zones of microorganisms tested:
Staphylococcus epidermidis (31 mm), Enterococcus faecalis (27 mm), Candida tropicalis (22 mm), Klebsiella pneumoniae (20
mm), Enterobacter cloacae (20 mm), Escherichia coli (18.5 mm), Pseudomonas aeruginosa (17.7 mm), Staphylococcus
aureus (17.7 mm), Acinetobacter baumannii (13 mm). The results obtained show that endophytic actinobacteria 8R2 from
Achillea millefolium L. can be considered as a promising source of novel antimicrobial agents against respiratory tract
infections microorganisms.
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Iasakov T.R.
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The genus Serratia belongs to Enterobacteriaceae family and its members are widely distributed in soil, water, insect and
animal organisms, in plants. Often are pathogens. At the same time, many are capable of degrading a variety of xenobiotics, for
example, chlorophenoxyacetic acids, crude oil. To a large extent, their high adaptive potential is ensured by the plasticity of the
genome. In this case, plasmids as a mobile part of their genome provide them with additional competitive advantages. The aim
of the work is in silico analysis of the plasmidome (a collection of plasmids) of bacteria of the genus Serratia. The tasks of the
work included: searching for full sequenced sequences of plasmids in GenBank international database, their annotation and
classification. The subjects of the study were plasmids of bacteria of the genus Serratia, isolated from various sources,
sequenced and deposited in GenBank. The search for complete sequenced plasmids of bacteria of the genus Serratia revealed
29 plasmids with a sequence length range from 3 to 275 kb. Using the pMLST resource, plasmids were classified by replicon
types as members of IncHI2, IncFII and IncA/C incompatibility groups. At the same time, the classification of some of them
proved to be difficult due to the restriction of pMLST to new types of replicons. Later, the plasmid sequence was analyzed for
the relaxase protein sequence (if available) for their classification by the conjugative transfer system. It was found that a
significant part are belongs to the families MOBr, MOBy, MOBp, MOB,,. Thus in this work the plasmidome of bacteria of the
genus Serratia was analyzed and identified plasmids, probably, having Inc-specific loci not described previously. It is shown
that a number of plasmids are non-transmissive.
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Hakea prostrata R. Br. (Proteaceae) has evolved in extremely phosphorus (P)-impoverished environments. This species
displays particularly low leaf P and nitrogen (N) concentrations, but has comparatively fast photosynthesis rates. The delayed
greening phenomenon, which is characterised by slow development of the photosynthetic apparatus until after the completion
of leaf expansion, is one of the P- and N-saving strategies in H. prostrata and at least some other Proteaceae. Nothing is
known about the effect of external P and N availability on their allocation to young and maturing leaves in species with
delayed leaf greening. We examined developing leaves of H. prostrata plants growing in their natural habitat on two soils
differing in plant-available P and N. Nutrient, pigment and gas exchange analyses were made on developing leaves at four
distinct leaf stages. The P allocation and investment patterns in developing leaves were dependent on soil P
concentrations, whereas N and S distributions [WU1] were independent of soil N. Moreover, there was a close link between
the ratio of organic P and total P concentrations in leaves and leaf metabolism in general, including photosynthetic capacity,
that is important in determining the extent of leaf growth. However, the P- and N-conserving strategy of delayed leaf greening
was unaffected by ecologically-relevant variation in leaf P concentration.
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subsp. vulgaris Koch.) in association with Rhizophagus irregularis
'Jacobi L.M., '*Zheleznyakov S.V., 'Kojemyakov A.P.
'All-Russian Research Institute for Agricultural Microbiology, S. Petersburg, Russia
“Saint-Petersburg State Agrarian University, Faculty of Agrotechnologies, Soil Science and Ecology, S. Petersburg, Russia
E-mail: lidija-jacobi@yandex.ru

Arbuscular mycorrhizae (AM) are the close symbiotic associations of a living host plants (mainly grasses and shrubs) and the
fungi affiliated to the Glomeromycota phylum, a group of obligate biotrophs. AM root colonization is known to have beneficial
effects on plant growth especially under phosphorus (P) deficit conditions. In particular, AM play a pivotal role in plant uptake
mineral nutrients and water from the soil. Typical characteristic of all mutual symbiotic relationships in AM is the exchange of
benefits between partners: the host plant transfers the carbohydrates to the fungus in return for the nutrients (especially
phosphorus).

The study of biological bases of mycorrhizal activity has both scientific interest and practical significance. Mycotrophic plant
line (Medicago lupulina L.), which formed the effective (mutual) symbiosis in association with Rhizophagus irrigularis, was
pre-selected by us for investigations. The mycorrhiza-defective plant mutants (M. lupulina L.) have been derived via the
application of ethyl methanesulfonate. Thus the semi-dwarf mutant was isolated from M2 population of the plants, growing on
the P deficit soil. This mutant formed non effective symbiosis with Rh. irrigularis. Namely, the mycorrhiza formation in mutant
did not influence on root and shoot productivity and phosphorus accumulation of the plant. The semi-dwarf sign of mutant (or
«non effective mycorrhizay sign) was stabile observed in series of generations (M3 — M11). Most probably, the formation of
non effective mycorrhiza by mutant was directly or indirectly connected with lack of P transfer from the fungus to the plant
Specific morphological features of mutant mycorrhiza were revealed by light microscopy examination: the intercellular hyphae
were very thin (width up to 2 um), the vesicles were small and weakly developed and the arbuscules looked like very small
shrubs. In spite of this the appressoriums were normal. At the same time AM of wild type line was characterized by the big
arbuscules, vesicles and spores, and by presence of the thick intercellular hyphae (width up to 7 um). In addition, the frequency
of AM in the root system (F%), abundance of arbuscules (A%) and vesicles (V%) in the root system of mutant in M11 (on 70th
day after sieving) amounted only to 43%, 5.6% and 0,4 %, accordingly, that was significantly less than the AM values of wild
type line (81%, 10% and 15%, accordingly).

Thus, the mycorrhiza of mutant (M. lupulina L.) with semi-dwarf phenotype (or «non effective mycorrhizay» phenotype) has
been characterized by wasted intercellular and intracellular structures of the fungus (Rh. irrigularis), what is probably due to
the limited transfer of the carbohydrates from plant to fungus. Based on our observations of the plant mutant and the wild type
line (Medicago Ilupulina L.) outlined above, we have assumed that there is any host plant mechanism (for example,
transpiration) which provides the primary driving force for the useful interchanges between the components of symbiosis in
AM of mycotrophic plants and adjusts the intensity of these exchanges and the effectiveness of mycorrhiza.
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Bacterial infections annually destroy a significant share of the potato crop, leading to large losses for the agricultural sector.
Preparations of bacteriophages specific to bacteriosis pathogens are considered as effective means of combating
phytopathological processes. The purpose of our study is the selection and characterization of bacteriophages, and the design
of the drug to control black leg and soft rot of potato caused by the pathogen Pectobacterium parmentieri.

P.parmentieri, a potato specific P. wasabiae genotype, recently isolated in a separate species, is characterized by high
aggressiveness and adaptability to moderate climate conditions. Episodic outbreaks of infections caused by these pathogens,
introduced through seed and irrigation water, cause significant damage to potato cultivation in the US, Europe and Russia.

A number of bacteriophages infected with the typical Russian isolate P. parmentieri PB20 were isolated during the work, also
were studied their morphological and biological features (adsorption rate, parameters of the infection cycle, optimal
multiplicity of infection, resistance to chloroform, ultraviolet, pH and temperature sensitivity, kinetics of formation and
virulence of phage-resistant mutants). The bacteriophage PP74 has been fully characterized genetically. Model tests on potato
slices and tubers showed high efficacy of the bacteriophages studied as antibacterial agents.

The project is supported by Russian Science Foundation, Grant #16-16-00073.
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Application of microbial preparations based on active strains with a complex of characteristics useful for plants is an
ecological method to increase the productivity of agrophytocenosis. Preparations containing strains of several microorganisms
of different functional orientation are the most promising. Notwithstanding the experience throughout the world, issues of
establishing the efficacy of microbial preparations, including poly-strain ones, remain relevant in the technology of growing
agricultural crops. The multifunctional complex of microbial preparations (CMP) for mineral nutrition optimization and
biocontrol of pathogenic micromycetes of cereal crops was developed in the Department of agricultural microbiology of
FSBSI “Research Institute of Agriculture of Crimea”. Research according integration of biological methods into intensive
agrotechnology of growing agricultural crops are of scientific and practical interest. These methods allow obtaining high yields
and at the same time reducing the anthropogenic (industrial) impact on soils.

The aim of the work is to study the influence of the multifunctional complex of microbial preparations on the productivity of
such cereal crops as rice (Oryza sativa L.) and winter wheat (Triticum aestivum L.).

On the meadow-chestnut soils of the Crimea, pre-sowing seeds bacterization positively influenced on the structural elements of
the rice crop: number of productive shoots increased by 11.7%, grains in panicle - by 10%, thousand-seed weight - by 15.2%
compared to control. Yield increase on average during the years of research (2011-2013) was 3.6 tons/ha. Enhance of
biological activity in the rhizosphere of inoculated plants, as well as decrease of phytotoxicity of the soil has been established.
This is important when growing rice in monoculture.

High efficiency of CMP was established in the fields of wheat on the southern chernozems (formed on heavy loams and loess
rocks), when black fallow was preceding crop. Agroclimatic conditions during the period under review (2006-2017) were
contrasting, differed from the average multi-year indicators, and in some years were extremely arid. The CMP steadily raised
grain productivity of winter wheat on a conventionally intensive agricultural background (N30P60K30 + early spring
application of mineral nitrogen (N30) as well as chemical insecticides and fungicides). It was noted that seeds bacterization
functioned best (9.2-31.8% to control) on the background application of mineral fertilizers before sowing (N15P15K15)
without use of chemical plant protection products (conditionally biological technology of cultivation). Taking into account that
wheat productivity essentially depends on cultivation technology and initial parameters of soil fertility, application of CMP
activates reserve capacity of increasing plants’ productivity. Bacterization of seeds promoted an increase in the number of
useful forms of microorganisms in the rhizosphere of wheat and an increase in the biological activity of the soil.

Thus, during multi-year field research, the effectiveness of multifunctional complex of microbial preparations, when rice and
winter wheat are grown, has been established. Application of CMP is an alternative resource-saving and environmentally
friendly method to intensify grain production of the studied crops.
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Adhesin RapAl is a Ca’ " -binding protein isolated from Rhizobium leguminosarum by. trifolii. It is shown that the increasing
of constitutive expression of the gene rapAl affects the competitiveness of rhizobium strains of R. leguminosarum and
increases the adsorption capacity of bacteria to the root hairs of plants.

The aim of this work was to study the possibility of using the bacterial adhesin RapA1 from Rhizobium leguminosarum as a
tool for creating artificial symbiotic systems between cultivated plants and PGPR microorganisms.

Rhizobium strains R. leguminosarum (TPr4, PVu5) with increased production of RapAl and R. galegae and E. coli producing
RapAl de novo were obtained. Recombinant strains had increased agglutination activity. In addition, the expression of rapAl
in a co-cultivated strain of microorganisms led to the sufficient agglutination after binary inoculation. A positive effect of the
overexpression of the rapA1 gene in R. leguminosarum PVu5 on the formation of nodules and the growth parameters of the
bean plants was also found. In addition, transgenic tobacco plants were obtained using the pCambial301LPSLRapA1l vector
with the leader peptide psl of pea. These plants had RapA1 protein on the surface of the roots. The study of the colonization of
transgenic roots of tobacco plants by fluorescently labeled bacterial strains showed that the number of E. coli cells adhering to
transgenic roots was an order of magnitude higher than the control, and the number of rhizobial cells doubled. Thus, it has
been proven that the RapAl adhesin can be used as a tool for bioengineering for creating de novo bacterial and plant
associations.

In the future, the use of the gene rapAl for the transformation of bacteria and plants is proposed with the aim of creating new
stable symbiotic systems for phytoremediation.

This work was performed with support from the Russian Foundation for Basic Research (projects Ne 16-04-00902 A and Nel8-
34-00033).
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The CRISPR/Cas system is the most promising among genome editing tools. It can provide the development of modified
nontransgenic plants with the possibility of simultaneous multiple targeted mutations. Systematic analysis of the published
papers describing the utilization of the CRISPR/Cas system for crop gene modification has allowed evaluating the potential of
this technology as a new plant breeding technique. The systematic analysis was performed by searching for “CRISPR & crop
name” within article titles, abstracts and keywords in the Scopus database. The database was selected in order to assess results,
which have pass reviewing process. The search was carried out for 45 crop names. Only 42% of the results found by this
search have been recognized as original articles describing editing crop genes with the CRISPR/Cas system. However, even
within these studies the most part was aimed at the approbation of the technology or was to elucidate target gene function,
while modification of just 26% of the target genes was related with crop improvement. Among these results the largest number
of genes modified has been observed for rice. The catalogue of the CRISPR/Cas modified genes was composed for more than
15 crops. It is important that in most studies mentioned in the catalogue, the ability to get transgene-free modified plants with
desirable phenotype has been demonstrated. The preferred approach used in these studies was NHEJ-based knockout of the
genes such as negative growth and development regulators or negative regulators of plant resistance. However, since the
estimated number of “negative regulators” is limited in plant genomes, the CRISPR/Cas-directed gene knockout has a
restricted potential for crop improvement. Intensive application of the CRISPR/Cas system for more complicate modifications
such as replacement of defect alleles by functional ones or insertion of a desired gene is required (so far reports about such
modifications are very rare). In addition, to provide a basis for broad practical application of CRISPR/Cas-based genome
editing, more cultivars of crop species should be involved in ongoing studies. Just a few genotypes of crop species have been
used for gene modifications thus far, with the exception of rice. Nevertheless, in spite of the restrictions mentioned, essential
success has been achieved over a short period since the first publications on CRISPR/Cas application in plants.

The study was supported by RSF (No 16-14-00086).
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Nitrogen starvation of the legume plant, as known, induces establishment of rhizobia-legume symbiosis. This process requires
selective penetration of the soil bacteria belonging to the Rhizobium group into de novo formed symbiotic structures on the
roots of the legume plant, also known as nodules. Bacteria are differentiating into nitrogen-fixing bacteroids in that symbiotic
organ. The differentiation degree strictly depends on the species of plant. In some cases, the irreversibly differentiated bacteria
are not viable after extraction from the nodule in legume belonging to the IRLC (Inverted Repeat-Lacking Clade). Nodule-
specific cysteine-rich peptides (NCR-peptides) are the primary regulators of terminal differentiation process. NCR-peptides
were first described in the model legume plant Medicago truncatula, and by now about 700 NCR genes have been identified in
the genome of this plant. On the other hand, only eight NCR peptides involved in processes of establishment the symbiotic
relationships are known in pea, which is an important crop plant. Thus, the aim of the study was to describe and characterize
the gene family encoding NCR peptides in pea.

The available pea nodule transcriptome databases (such lines as SGE, Cameor, Kaspa and Parafield) and the transcriptome of
mycorrhized roots (Frisson line) were analyzed for identifying NCR gene candidates. The analysis was carried out using the
specialized script SPADA (Small Peptide Alignment Discovery Application), which algorithms involve the construction of
hidden Markov models based on the known sequences of NCR peptides of M. truncatula and P. sativum. We identified 554
sequences that satisfied all the criteria for the members of this family. Further, physicochemical parameters such as charge,
hydrophobicity, antimicrobial activity index, etc., were analyzed. Antimicrobial activity is one of the necessary characteristics
to control the differentiation of endosymbiont. Based on the obtained data, sequences with the predicted highest antimicrobial
activity were selected as the most promising plant effectors needed for bacteroid differentiation in pea nodules.

The antimicrobial activity of synthesized NCR peptides of P. sativum will soon be analyzed in microbiological assays. In
general, the results of the work allowed us to describe and comprehensively characterize the gene family encoding NCR
peptides in pea, which is of high importance for understanding the mechanisms of plant control over the fate of symbiotic
microorganisms in its tissues.

This work was supported by Russian Science Foundation [grant number 17-76-30016 and 16-16-00118].
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The most effective, environmentally friendly and cost-effective method of rehabilitation of oil-polluted areas is bioremediation.
It consists in treating soils with biological preparations of hydrocarbon oxidizing microorganisms. Often after this, plants are
planted so that they help to prevent erosion by their root system, improve the gas-air regime of the soil and enrich it with
various active compounds. This, in turn, leads to an increase in the number of microorganisms of the root zone and the
intensification of decomposition of oil and oil products. All this contributes to the restoration of soil fertility. Therefore, the
work on the creation of multifunctional biological preparations for soil purification from oil pollution and simultaneous
stimulation of growth of plants-phytomeliorants, are topical.

In a laboratory experiment, the soil was contaminated with oil in an amount of 3 or 6% by weight, after which it was
inoculated with any biopreparation in a volume of 10 ml/kg, watered and mixed thoroughly. The following biologics were
used: a consortium of microorganisms Acinetobacter calcoaceticus 1B DT-5.1/1 and Ochrobactrum intermedium 1B DT-5.3/2;
a mixture of microorganism cells of the consortium and Ps. koreemsis 1B-4 in the ratio 1:1; a mixture of cells of the
microorganisms of the consortium, Ps. koreensis 1B-4 and Paenibacillus ehimensis 1B 739 in the ratio 1:1:1. Consortium of
microorganisms has significant oxidative activity with respect to hydrocarbons of different classes, oil and its derivatives.
Strain Ps. koreensis IB-4 and P. ehimensis 1B 739 synthesize phytohormones. After 2 days, seeds of oat seed (Avena sativa L.)
(30 pieces per vessel) were planted. The experiment was carried out at a temperature of 24°C for 42 days.

The difference in the oil content in the soil did not have any significant effect on the number of soil microbiota, the size and
mass parameters of oat plants. Germination of seeds was approximately the same in all vessels — 94-96%, but more amicable
and early (for 2 days) in variants with inoculation with biological preparations. The initial titer of heterotrophic
microorganisms in the soil used was (1.6+0.1)-105, nitrogen fixing - (1.0£0.1)-105, hydrocarbon oxidizing microorganisms -
(2.4+0.1)-104 CFU/g. Processing by the consortium of microorganisms and a mixture of three strains increased the number of
heterotrophic and nitrogen-fixing microorganisms by 2 orders. A mixture of four strains contributed to an increase in the
number of these groups of microorganisms by 3 orders. The titre of hydrocarbon oxidizing microorganisms, regardless of the
composition of the biopreparation used, increased by 3 orders. Inoculation of contaminated soil with biological preparations
contributed to a decrease in the content of pollutant in it by 3.2-3.5 and 3.4-3.7 times (at 3 and 6% oil content, respectively)
compared with the variants where only oats were used without the addition of additional amount bacteria.

Introduction of biopreparations accelerated for 6-7 days the beginning of each stage of oat plant development and positively
influenced the length and weight of its organs. The best results were achieved with the help of a biopreparation containing cells
from a consortium of microorganisms and strains of P. koreensis 1B-4 and P. ehimensis IB 739. When used, the growth of oat
shoots increased by 54.0 and 77.8%, their mass in 2.3 and 2.6 times compared with plants in untreated soil with oil (3 and 6%,
respectively). This is probably due to the presence of phytohormonal activity in bacteria P. koreensis 1B-4 and P. ehimensis 1B
739. The obtained data testify to the principle possibility of using the developed combined biologics containing bacteria-oil
destructors and microorganisms with growth-stimulating activity, for soil purification from oil and acceleration of restoration
of its fertility.



42
Composition of shoots endophytic flora of Syringa vulgaris plants from different populations
Krinitsina A.A., Churikova O.A., Konorov E.A., Speranskaya A.S.
Lomonosov Moscow State University, Moscow, Russia.
E-mail: krinitsina@mail.ru

The vital activity of endophytic bacteria, associated with plants, doesn’t affect the appearance and state of plants as a rule. The
composition of endophytic communities which form in different organs (leaves, roots or shoots) may differ considerably as
within one organism both in different individuals. Host genotype, plant age, soil type and geographical location as well may be
involved in the composition and changeability of the shoot associated endophytic community.

The composition of endophytic flora of buds and adjoined parts of shoots of Syringa vulgaris plants from Moscow (municipal
green plantations and Botanical garden of Lomonosov Moscow State University), Moscow region (municipal green
plantations) and Voronezh (green plantations near small office buildings) was analyzed. Plant material was collected during the
physiological plant dormancy — in winter and early spring. After superficial sterilization the bud scales were removed in sterile
conditions from buds and bark — from the part of lignified shoot. Total DNA extraction was carried out with CTAB — method.
The preparation of samples for high throughput sequencing of the region of 16S rRNA gene was conducted according to
Illumina protocol. PCR was carried out on T100 ThermalCycler ("Bio-Rad", USA) with the use of primers recommended by
[llumina, sequencing — on MiSeq (Illumina). Phylogenetic profile of methagenome readings was get with the aid of BLASTN
(data base 16S RefSeq Microbial, e-value <0.01) and MEGAN v6.10.

7 independent bacterial communities were analyzed: 2 from plants which grow in MSU Botanical garden, 2 — from plants
which grow in Moscow near dwelling houses, 1 — from Moscow region, 2 — from Voronezh industrial zone. It was shown that
the most various communities (Shannon-Weaver index = 3.148, 2,32 u 2,304) turned out the communities of endophytic
bacteria from the shoots of lilac plants which grew near dwelling houses in Moscow and Moscow region. But on the whole in
these communities two genera are predominated: Chthonomonas and Dichotomicrobium. The same ones were found in other
analysed communities, while their shares were 3,04-8,07% and 3,02-5,43%, accordingly. The least variety (Shannon-Weaver
index =0,813 and 1,385) of endophytic bacteria genera turned out to be in shoots of plants from Voronezh industrial zone. For
four bacterial communities, which were obtained from plants growing in MSU Botanical garden and in industrial zone of
Voronezh the main genus of bacteria is Burkholderia. Its share is 46,34% and 68% (bacterial communities of plants from MSU
botanical garden) and 54,19% and 90,3% (bacterial communities of plants from Voronezh). In bacterial communities of shoots
from lilac plants from MSU botanical garden bacteria of genera Sediminibacterium, Ralstonia, Plesiocystis, Microbacterium,
Sphingomonas, Pseudomonas and Pseudanabaena were found as well. The representatives of three latest genera also were
found in other communities. In whole the composition of bacterial communities of lilac plants from Voronezh turned out to be
similar to the bacterial communities of plants from MSU botanical garden.

Thus the presence of Chthonomonas, Dichotomicrobium, Sphingomonas, Pseudomonas and Pseudanabaena representatives is
characteristic of all analyzed bacterial communities. Three latest genera are typical representatives of leaves and stem
microbiota. Chthonomonas and Dichotomicrobium were detected only in plant rhizospheres till quite recently.

This work was carried out in accordance to Government order for the Lomonosov Moscow State University (project No.
AAAA-A16-116021660105-3).
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Glyphosate (Gl) is an organophosphorus herbicide. The Gl molecule has phosphonate, amine, and carboxylate groups, which
can coordinate with metal ions, especially at near-neutral pH. Cu(Il) is extensively used for agricultural purposes as a fungicide
and also as a complex former in GI-Cu complexes. We examined the uptake of Cu(Il) and Gl-Cu complexes by alfalfa.
Another objective was to determine the protective effect of the plant—growth—promoting, Gl—degrading strain K7 on plants
under phytotoxic conditions and the strains influence on the bioavailability of the contaminants. Surface—sterilized seeds of
alfalfa (Medicago sativa Lam.) were grown in nutrient solution in a glass pot under aseptic conditions. In all experiments, fresh
solutions of Cu(Il) or of a GI-Cu complex was added to the nutrient medium at concentration of 0.5 mM and 1 mM. The seeds
were inoculated by soaking in a suspension of strain K7 (OD660=0.2) for 2 h, and then 15 seeds were planted in each pot.
After 30 days of growth, the plants were harvested, weighed, and dried at 65°C for 72 h. The amount of copper taken up by the
plants was found by atomic absorption spectroscopy. Inoculation with strain K7 did not produce statistically significant change
in the fresh weight of M. sativa, except in the treatment significant with the GI—Cu complex. Compared with the uninoculated
treatment, the fresh weight of the inoculated plants increased by 55% (p<0.05). Inoculation statistically significantly increased
the dry weight of control plants (by 11%; p<0.03) but did not change this variable in a polluted environment. Summary, Gl
significantly increased the Cu(Il) concentration in alfalfa (by 50%), as compared with the treatment with the non-chelated
metal. In addition, the amount of Cu(Il) in the inoculated plants was 1.29-fold greater with 0.5 mM Cu(Il) and 2—fold greater
with 1 mM Cu(Il) than it was in the uninoculated plants. Our data are important for the prediction of pollutant transport in
agricultural crops.
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Applying the bioinsecticides based on B. thuringiensis entomopathogenic bacteria in the potato pest protection system causes
the interest in studying the influence of these bacteria on the plants physiological condition. Changes in photosynthetic
pigments content of, activity of peroxidase and polyphenoloxidase have an adaptive significance and can be considered as a
necessary condition of plant resistance. Thus, the question of the bioinsecticides impact on the plant physiological condition is
of some interest.

The bioinsecticides based on B. thuringiensis 0371 and 836 strains (BT 0371 and BT 836) was used as the object of studies.
The strains were isolated from the natural populations of insects in the entomopathogenic microorganisms laboratory of
Research Institute for Agriculture of Crimea. The strain 0371 can produce the parasporal crystals and exotoxin during
sporification. The strain 836 can produce only the parasporal crystals. The action of strains was compared with the action of
the chemical insecticide Biscaya. All studies were carried out on the potato pea Nevsky variety. The pigments content was
determined spectrophotometrically. The activity of peroxidase and polyphenoloxidase was determined by the method of A. N.
Boyarkin (1961). Benzidine and paraphenylenediamine were used as a substrate.

The study of bioinsecticides effect on the pigment complex of potato leaves showed a decrease in the content of chlorophyll b
and carotenoids in germination phases (18,7 and 13,8% to control) and budding (29,4 and 12,3% to control) in the variant with
the plants treatment by BT 0371. The decrease in chlorophyll concentration may indicate that 3-exotoxin inhibits the activity
of light-harvesting complex. Treatment of plants by BT 836 had no negative impact on the pigment complex.

On the contrary, the most expressed decrease in the content of chlorophyll a were observed in the when flowering phase (by
45,6%) while processing potato plants with Biscaya. There was also a decrease in the content of carotenoids by 41,4% to
control.

It was found that the activity of enzymes peroxidase and polyphenoloxidase in potato leaves depends on the type of
insecticides and their safety on the surface of the leaf. Under the influence of BT 0371 and BT 836, there was a slight and
short-term increase of enzyme activity in 6-8 days after their application. There was no a significant impact on the activity of
antioxidant enzymes while processing the plants with Biscaya.

The obtained data indicate that bioinsecticides based on B. thuringiensis strains differ in the effect on the pigment complex of
potato plants. Their using in potato agrocenosis can contribute to the preservation of plants oxidative metabolism at a stable
level and provide an increase in the adaptive capacity of the plant organisms.
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Capacity of rhizobacteria to produce and destroy plant hormones as a basis for biotechnology to promote growth,
productivity and stress resistance of inoculated plants
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Introduction of plant growth promoting bacteria (PGPB) into rhizosphere became a popular approach aimed on increasing
plant productivity at both favorable and stressful environment. Capacity of PGPB to produce or destroy phytohormones is
believed to be one of important mechanisms contributing to their beneficial effects on plants. This assumption is based on
discovery of phytohormones or enzymes involved in hormone metabolism in the PGPBs culture media. In many cases this
discovery was considered as sufficient explanation for beneficial effects of PGPBs and researchers did not go further in their
study. High capacity of plant roots for the uptake of almost any compound suggests that phytohormones produced by PGPB
should easily penetrate plant roots. This assumption is confirmed by our experiments using immunohistochemical technique
showing increased content of cytokinins and abscisic acid in the root cells of plants, to whose nutrient medium we added these
hormones. Still experiments show the importance of following not only potential capacity of bacteria to produce hormones in
vitro, but also their effect on hormone content in the plants treated with PGPB. Comparison of the hormone content in wheat
plants inoculated with the strains of Bacillus subtilis IB-21, Advenella kashmirensis IB-K1 and Pseudomonas extremaustralis
IB-K13-1A4 showed that their effect on auxin content in the wheat plants and corresponding effects on plant productivity in the
field experiments depended on both potential capacity to produce auxins and efficiency of colonization of plant roots with the
bacteria. Detection of increased levels of auxins in the plants allowed predicting beneficial effects on plant productivity. The
increase in hormone content was also registered in lettuce plants inoculated with cytokinin producing B. subtilis 1B-22.
Changes in cytokinin content were accompanied by and were likely responsible for increased productivity of biomass
accumulation in inoculated lettuce. The effect of bacterial inoculation on leaf area of lettuce plants was far more noticeable
with the increased density of planting that by itself decreased cytokinins content in the absence of bacterial treatment. Elevated
cytokinin content and increased productivity of the lettuce plants treated with cytokinin producing bacteria were observed both
under optimal water supply and its shortage. Capacity of cytokinins to increase plant productivity under stressful conditions is
of special interest, since some researchers believe in detrimental effects of these hormones on plant stress resistance. This
assumption is based on experiments with excessively high (non-physiological) concentrations of exogenous cytokinins applied
to the plants. Concentrations of PGPB produced hormones, by definition, should be beneficial and within physiological range,
and consequently the study of the effect of phytohormone producing PGPB on plants is a promising model for revealing
mechanisms of actual hormone action. Thus capacity of PGPR to produce phytohormones has a distinct beneficial effect on
plant growth and productivity. But what is the profit of hormone production for microbes themselves? Our study of the effects
of both treatment of lettuce plants with exogenous cytokinin 6-benzylaminopurine and introduction of cytokinin producing
bacteria into their rhizosphere showed increased exudation of amino acids by the roots of treated plants. Similar effect may be
expected in the case of auxin producing bacteria, since auxins have also been shown to increase root exudation. These results
suggest that production of phytohormones by microbes is likely to elevate root exudation thereby increasing the supply of
carbohydrates necessary for microbe growth. Thus regulatory loop involving hormone production by microbes is likely to be
important for establishment of the successful association between PGPR and plants.
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One of the most important growth parameters of plants are the organ sizes that are regulated by a variety of internal and
external biotic and abiotic factors. In general, the size of plant organs is controlled by two main mechanisms, namely the
regulation of cell division and cell expansion. The aim of our work was to elucidate the molecular mechanisms of regulation of
transcription and interaction of the AINTEGUMENTA, ARGOS, expansins and endoxyloglucantransferases genes, as well as
the creation of transgenic plants with altered organ sizes. In the our research, it was shown that in the transgenic tobacco
plants, the dahlia mosaic virus promoter has a greater activity than the 35S promoter, and when combined with genes involved
in the regulation of growth, contributes to a more significant effect of the latter on organ sizes in transgenic plants. It was
proved that the compensatory cell growth with a decrease in the number of cells in growing organs is controlled by cytokinins
through the stimulation of expansins and endoxyloglucantransferases expression. It was found that the transcription factor
AINTEGUMENTA controls the organ size affecting not only cell division but also cell expansion, and its expression is
regulated not only by auxins, but also by cytokinins and brassinosteroids. It has been shown that the expression of the poplar
ARGOS-LIKE gene is controlled by auxins, and its protein product is involved in the regulation of cell expansion and the organ
size. It turned out that the signals from the phytohormones to the expansin and xyloglucanendotransglycosylase genes partially
go through the products of ARGOS genes, where the signal transduction occurs and its transfer to the transcription factor
AINTEGUMENTA. At this stage of the transmission of the cellular signal, its multiple amplification occurred. The PnANTLI,
AtARGOS-LIKE, PnARGOS-LIKE, NtEXPAI, NtEXPAS5, PnEXPAI and PnEXPA3 genes are involved in the regulation of organ
sizes through stimulation of cell expansion, while the NtANTL, BnaX. ANT.b, PnANTL2 and AtARGOS genes control the organ
size not only through the effect on cell division, but also through stimulation of cell expansion. One of the applied tasks of the
work was to increase or decrease the size of plant organs by changing the level of expression of the AINTEGUMENTA,
ARGOS, expansins and xyloglucanendotransglycosylases genes. In general, about 100 target genetically engineered constructs
in binary vectors were created and tested on tobacco within the framework of the whole work. For the morphological analysis,
about 400 lines of second-generation tobacco transgenic plants were used. About the third part of all the analyzed lines of
transgenic tobacco plants were characterized by a significant change in the size of the organs compared to wild-type plants.
The genetically engineered constructs (in binary vectors) approved on tobacco were selected for transformation of other
economically valuable plants. For example, in the our research, transgenic plants of rapeseed, aspen, and amaranth were
obtained and analyzed, with constitutive expression of ARGOS genes, which were characterized by an increase in the size of
organs.

The study was funded by RFBR according to the research project Ne 18-04-00118.
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Diazotrophic Azospirillum bacteria are known for synthesizing biologically active substances, which positively affect plant
growth and development, and used as model objects to study plant-bacterial associations. We have recently demonstrated that
these bacteria can produce a phenol-oxidizing enzymes complex together with the other enzymes like laccase, Mn- and lignin
peroxidases.

The three-day sterile wheat seedlings of Saratovskaya strain 29 were inoculated with 4. brasilense Sp245 (endophytic strain)
and Sp7 (epiphytic strain) with subsequent co-cultivation for 4 weeks to study the dependence of phenol oxidases activity in
the presence of host plant.

The inoculation of wheat with bacteria resulted in increase of laccase and Mn-peroxidase activity in the growing medium
compared to the control samples. The inoculation of the host plant with an epiphytic strain showed the main increase of
extracellular Mn-peroxidase activity. The lignin-peroxidase activity was detected in trace amounts with non-strain specificity.
The colored zones on the light microscopy images of bacterial cells clusters on the root surface dyed with specific
chromogenic substrates indicated the accumulation of phenol oxidases. In contrast, the control samples without bacteria were
colorless. Analogous staining was noticed both for the endophytic 4. brasilense Sp245 strain and A. brasilense Sp7.

The formation of biofilms and cell clusters with inner accumulation of biological active compounds and enzymes is one of the
well-established ways for bacterial environmental survival. The obtained data indicate that Mn-peroxidases and laccases are
accumulated in the bacterial cluster zones on the root surface activity thus indicating the possible role of these enzymes for
azospirilles adaptation to rhizosphere conditions.

It can be assumed that extracellular phenol oxidase production is functionally significant both for bacteria and host plants. The
kinetic properties of laccases, lignin and Mn-peroxidases mediate the elimination of the negative effect of toxic substances
accumulated in soil. Finally, we have demonstrated the azospirilles’ phytotoxic pollutant dyes biodegradation ability.

The reported study was funded by RFBR according to the research project No 18-316-00008 mol _a.
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Bacteria that capable to colonize the rhizosphere and positively affect plant growth are commonly termed as plant growth-
promoting rhizobacteria (PGPR). The mechanisms of the beneficial effect exerted by PGPR are associated with synthesis of
various metabolites and hydrolytic enzymes, as well as with their ability to increase the availability of nutrients and the
survival of plants. Currently the great significance for agriculture is search and characterization of plant-growth promoting
microorganisms promising as base of novel biopreparations displaying complex protective and stimulating effect.

The objective of the study is to evaluate the complex of PGP-properties displayed by promising bacterial strains belonging to
genera Advenella, Bacillus and Pseudomonas including such characteristics as mobilization of poorly soluble phosphates;
production of phytohormones, chitinases and cellulases; nitrogenase activity; antagonism against phytopathogenic fungi;
relative halotolerance; and the potential of combined application of mentioned strains comprised of single biopreparation.

The subjects of the study were 14 strains of bacteria of the genera Advenella, Bacillus and Pseudomonas from the Microbial
Collection of UIB UFRC RAS. The ability of bacteria to synthesize hormones was evaluated in liquid media, where IAA was
determined by enzyme-linked immunosorbent assay in the appropriate test system. The nitrogenase activity of the bacteria
grown in a liquid submerged culture was determined by acetylene method. Enzyme production, phosphate-mobilizing and
antifungal activities were studied on agar media with appropriate substrates. Enzymatic and phosphate-solubilizing activities
were calculated from the index of the halo zone and colony size. The antagonistic effect of bacteria against micromycetes was
evaluated in co-cultivation experiments. Antagonistic interactions between bacterial strains were studied using perpendicular
streak technique.

All studied bacterial strains were capable to dissolve phosphates. Six strains additionally produced auxins (283 - 790 ng/ml).
Some of the cultures revealed also nitrogenase activity, antagonism against phytopathogenic fungi, production of extracellular
chitinase and cellulase. Most significant antagonistic effect was demonstrated by the strains belonging to genus Bacillus.
Among

the strains displaying nitrogenase and CMC-ase activity B. subtilis IB-54 was characterized with maximal antagonistic action
against broad range of plant pathogenic fungi, while the strain A. kashmirensis 1B-K1 exerted a significant phosphate-
mobilizing ability. Both the cultures belonging to Bacillus and A. kashmirensis 1B-K1 were moderate halophiles (up to 7%
NaCl), whereas the members of genus Pseudomonas were resistant to rather minor salt concentrations (4-5%).

In estimating of bacterial interaction specifics at co-cultivation experiments it was found unilateral antagonistic action of the
strains belonging to genus Bacillus against A. kashmirensis 1B-K1, P. mandelii 1BKil4, P. extremaustralis 1BKil3-1B and
Pseudomonas sp. IBKi-19 while all members of bacilli well grew under co-cultivation with each other. Only strain P.
extremaustralis IB-K13-1A could successfully grow together with all studied bacterial cultures.

The main experimental results revealed six bacterial strains (A. kashmirensis 1B-K1, P. extremaustralis 1B-K13-1A, P.
mandelii IBKi-14, B. atrophaeus 1B-21, B. subtilis IB-22, B. subtilis IB-54) demonstrating the properties specific for PGPR
and promising as base of novel multifunctional biopreparations for horticulture.

The study was carried out with the funding from Russian Foundation for Basic Research, grant No. 18-04-00577 A.
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One of the most laborious stages of microclonal reproduction is the introduction of explants into the culture in vitro. Different
parts of the plant, as well as seeds, can be used as explants. The last type of explant is preferable to use for input into sterile
conditions of rare plant species, because a relatively large amount of seed (if it compared to other types of explants) increases
the probability of success of microclonal reproduction.

The object of the study was the species Pulsatilla uralensis (Zamelis) Tzvelev, listed in the Red book of the Udmurt Republic
(2012) and has 3 category of rarity. Seeds for experiments have been collected from the plants growing in natural population in
the Yakshur-Bodyinsky district of Udmurtia. Generally accepted methods were used to determine the quality of the seed
material and input into the culture in vitro.

Estimation of seed’s quality showed that germination under non-sterile conditions was 88.3%=3.1. So the collected seed
material is suitable for further input into aseptic conditions.

According to literature data, pubescence of seeds of P. uralensis can be as a source of contamination. Just before input seeds in
culture in vitro pubescence has been removed by physically with the aim of increasing the probability of successful putting in a
sterile environment. For P. uralensis the best option of disinfectants was the combination of 70% ethyl alcohol and 15%
peroxide of hydrogen (germination 80,0%=5,8). Removal of pubescence and the use of complexes of various sterilizing agents
significantly reduced the likelihood of infection on the explants. Also for this species the process of seed germination in vitro
conditions and the further development of seedlings slowed down compared to similar indicators in non-sterile conditions. So
that the beginning of germination during the introduction into the culture in vitro ranges from 14 to 30 days, whereas in non-
sterile conditions the duration of the same period is twice less. Germination in aseptic conditions is sporadic, strongly stretched
in time, in non-sterile conditions the seeds germinate together. The peak of germination in vitro is observed about 17-25 days.
Seeds treated with ethyl alcohol and hydrogen peroxide begin to germinate earlier than seeds that treated by other sterilization
agents.

Thus seeds of rare species Pulsatilla uralensis are characterized by high rates of both laboratory germination and germination
under sterile conditions (over 50%). Application of various sterilizing agents at input in the culture in vitro slows down
germination process. The influence of sterilizing agents on germination should be considered in the selection of sterilizing
agents for the purpose of successful input in the culture in vitro of seeds Pulsatilla uralensis.
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At present, the problem of soil contamination with heavy metals (HM), in particular cadmium (Cd) and nickel (Ni), is
becoming more urgent. They are toxic to all organisms and cause diseases of animals and humans. In this regard, it is actual to
develop effective methods for cleaning contaminated areas from HM. For the cleaning and stabilization of contaminated areas,
the most attractive is the use of plants, or "phytoremediation." The use of plant-hyperaccumulators that are able to accumulate
significant amounts of HM and promote their removal from the soil, will allow the purification of contaminated areas. To
increase the phytoremediation efficiency of plant-hyperaccumulators HM, it is advisable to transform the plants with
phytohelatin genes, which encode the synthesis of metal-binding peptides. Most phytohelatins are characterized by the
presence of a gamma-peptide bond in the molecule, which complicates their synthesis in cells. Therefore, for the
transformation of plants the most promising is the use of synthetic pseudochelatin genes (without gamma-peptide bond) that
retain the ability to bind HM.

The aim of the study was to obtain tobacco plants transformed with pseudophytochelatine gene pph6.

The transformed tobacco leaf sheets were grown at various concentrations of Cd**: 100, 200, 300, 400 uM. At a concentration
of 100 uM there were no special differences between the development of the experimental and control groups. With a
concentration of 200 uM, there were obvious differences between the experimental and control groups: the growth of the
control group was suppressed and proceeded slowly, and clear signs of growth and differentiation were observed in the
experimental group. In experiments with extreme concentrations of cadmium 300 and 400 pM, almost all plants died within a
month and there were no signs of regeneration of leaf blades. Thus, it can be concluded that at the metal concentrations of
approximately 200 uM, the transformed plants develop better than the control ones. It is indicates the stable expression of the
pseudophytohelicin gene, which increases their resistance to stress by reason of excess HM due to bind heavy metals.

To assess the storage properties of tobacco plants transformed with the pph6 gene, they were grown on soil containing 100 uM
cadmium. The results of the experiments showed that in the transformed plants cadmium accumulates by 35% more than in the
control plants.

In the future it is supposed to create recombinant soil bacteria transformed with pseudophytochelatine pph6, and plant-
hyperaccumulators transformed with the adhesin gene, for example, the gene rapAl. Adhesins promote the attachment of
bacterial cells to root hairs of plants. It will help to create new stable symbiotic systems for phytoremediation.

This work was performed with support from the Russian Foundation for Basic Research (projects Ne 16-04-00902 A and Nel8-
34-00033).
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Agrobacterium (Agrobacterium vitis and A. tumefaciens) are dangerous phytopathogens that can cause the development of
tumor formation in grape plants, the so-called crown gall. The systematization of agrobacteria is a complex issue, due to the
wide variety of bacteria of this genus. It is common to divide agrobacteria into 3 main species: 4. tumefaciens (mainly
parasitize on fruit crops), 4. vitis (parasitize on grapes), A. rhizogenes (cause the disease "bearded roots"). Grapes are mostly
parasitized by agrobacteria of the 4. vitis type, however, some strains of A. tumefaciens are also capable of causing the
development of crown gall. Agrobacterium strains are also classify by the type of Ti-plasmids contained in them. Currently,
eleven types of opines are distinguished: octopine, nopaline, succinamopine, agropine, agropine/mannopine, mannopine,
chrysopine/succinamopine, chrysopine/nopaline, cucumopin/mikimopine, octopine/cucumopine and vitopine. A. vitis
predominantly metabolizes nopaline, vitopine, octopine in various combinations and rarely other types of opines. The purpose
of our work is to identify and study the diversity of Agrobacterium by the type of Ti-plasmids contained in them.

76 samples of tumor-like growths were collected in 14 farms of the Krasnodar Territory, located in different geographical
areas. DNA was isolated by the CTAB method with some modifications. For PCR analysis, 5 test-systems were selected:
virD2A/virD2C to virD2 gene, for a long time considered universal for the identification of all agrobacteria; PGF/PGR to the
polygalacturonidase (PG) chromosomal gene, designed to identify only A. vitis; OCTF/OCTR to octopine synthase,
NOPF/NOPR to nopaline-synthase and VISF/VISR to vitopine-synthase genes, defining the type of Ti-plasmid of the studied
agrobacteria.

Using a universal test-system for virD2A/virD2C to the virD2 gene, the target sample (224 bp) was able to amplify only in 85
% of the samples, which probably tells us about the unique structure of the isolates studied. It should be noted that similar data
were obtained in the works of other scientists engaged in studying agrobacteria on grapes. Using the PGF/PGR test-system for
PG gene, the target fragment (466 bp) was amplified in 100% of the studied samples, which indicates the unambiguous
belonging of the studied agrobacteria to the 4. vitis species. Using the OCTF/OCTR test-system for the octopine synthase
gene, it was possible to amplify the target fragment (475 bp) in 73 % of the samples. With the NOPF/NOPR test system to
nopaline synthase gene, the target fragment (394 bp) was determined in 13,5 % of the samples. The VISF/VISR test-system for
the vitopine synthase gene revealed the target fragment (561 bp) of this gene in 27 % of the samples studied. As a result, the
agrobacteria studied by us were divided into 4 groups by the type of Ti-plasmids contained in them: octopine (59,5 %),
nopaline (13,5 %), vitopine (13,5 %), octopine-vitopine (13,5 %).

Thus, vineyards of the Krasnodar Territory are parasitized by A. vitis differing in type of Ti-plasmids contained in them.

The work was carried out with the financial support of the RFBR grant Ne 16-34-00827 mol_a.
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The development of fast, accurate and cheap methods for determining the content of antibiotics in bee products is an urgent
task for our region. To solve this problem, the use of electronic biosensory systems based on a specific enzyme and a digital
recording device is promising. A number of authors proposed similar systems for determining the concentration of some
compounds in the environment, for example, a conductometric biosensor for the determination of pesticides based on screen-
printed carbon electrode with immobilized phosphatase.

To create a model biosensor and choose an immobilization technique, we used the glass electrode, which is cheaper than
SPCE. As a model enzyme trypsin was used, for which it is possible to determine the activity quickly and clearly by hydrolysis
of synthetic substrate BAPNA. The activity was evaluated on a spectrophotometer at a wavelength of 405 nm.

To immobilize the first way on the glass electrode site with a size of 10 by 10 mm was applied a saturated solution of egg
albumin in 2% glycerol, dried, denatured at 70 °C in dry air thermostat, then added 10 pg of trypsin in 2% glutaraldehyde and
dried at 37 °C. To immobilize the second way the same amount of trypsin in 3% gelatin was dried, and then maintained at 2%
glutaraldehyde. Then the glasses were stored at 4 °C, and the activity of immobilized enzymes was measured for 10 days. The
hydrolysis reaction of BAPNA was carried out according to the previously described technique, keeping the glass in the
substrate solution for 20 and 40 minutes.

The measurements showed that enzymes immobilized using albumin remained an activity unchanged during the measurement
period, whereas the enzyme immobilized in gelatin showed a continuous decrease in activity. It should be noted that for the
reaction duration of 40 minutes there were actually no differences in enzyme activity due to immobilization technique. At the
same time, when the reaction lasted 20 minutes, the activity of trypsin immobilized in gelatin was significantly lower than that
immobilized in albumin. The observed effect can be explained by the fact that, in the case of immobilization using gelatin, the
active enzyme is inside the carrier layer, and it takes some time for the substrate to penetrate the enzyme. Therefore, in the
practical absence of differences in the effectiveness of enzyme binding between the two methods, binding the enzyme to the
surface of the carrier is more preferable to create a biosensor for use in express test systems.
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In plants, cell proliferation and differentiation processes are contained within specialized tissues called meristems. Ectopic
meristematic activity leads to formation of so called irregular meristems, which give rise to such morphological structures as
tumors, galls or calli. Unlike callus or gall formation, tumorigenesis has been reported in a narrow spectrum of species,
including those of genera Nicotiana, Raphanus, Arabidopsis, etc. Our research group has been studying tumor formation in
several inbred lines of Raphanus sativus (radish), in particular, with role of WOX-CLE signalling in this process. Several CLE
genes, such as RsCLEI, 2, 11, 13, 16, 19 and 41, were found to be expressed in radish tumors, either in specific tissues or
ubiquitously throughout the tumor. In the present work we elucidate the involvement of CLE peptides in tumorigenesis by
determining tissue localization of CLE receptors, such as CLV2, CRN and PXY. First, we confirmed the presence of respective
transcripts by RT-PCR and RNAseq. To localize these receptors, we constructed plasmids containing either coding sequences
of receptors in question fused with that of eGFP or native GUS coding sequences under control of respective promoters cloned
from Arabidopsis. We transformed radish plants of two genetic lines differing in tumor-formation trait with with
Agrobacterium rhizogenes containing aforementioned plasmids and obtained chimeric plants with transgenic roots.
Distribution of reporter signal was validated by means of confocal microscopy and suggests involvement of receptors of
interest in storage root formation as well as distortion of localization pattern in root tumors. We also plan to elucidate
localiztion of expression for several CLE genes and WOX4/WOXS5 genes to see whether its pattern is consistent with receptor
gene expression.
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Recultivation includes technical and biological stages. Technogenic landscapes formed as the result of anthropogenic activities,
military operations and tests as well as lands suffered due to elemental calamities and natural hazards fall under the
recultivation.

Waste dumps can occupy significant areas representing substrates unfit not only for the growth of higher plants, but for the
development of microbiota as well. This is determined by physical and chemical characteristics of substrates, among which
there are the low porosity, non-optimal acidity, content of harmful elements and so on.

Even in case of measures on the recultivation undertaken competently, it needs time, sometimes, significant to create a stable
phytocenosis, the formation of which also depends on the soil microbiota. Unfortunately, in practice, recultivation is not
always carried out at the appropriate level, often, we can observe the waste-pile sites, in which not all the procedures of
technical stage of work were fulfilled or the technologies of recultivation were violated. The deserted dumping sites also
represent a problem, where recultivation was not carried out in those volumes that are accepted at present.

Geomorphological features of the recultivated landscapes, the difference in physical-and-chemical conditions of potential
habitat of biota, climate, surrounding ecosystems and the direction of restoration determine the variety of approaches to the
biological stage of recultivation. The complex restoration of phytocenosis includes not only the selection of optimal, for this
region, microclimate and substrate species of plants, but the formation of soil and its microbiota as well.

Thus, it is necessary, in every particular case, to select the optimal choice of measures, strategy of restoration of relief, ground
and soil content, species of plants and microbiota to create stable associations and ecosystems.

In the implementation of biological stage of recultivation, a number of problems arises, for example, restoration of lifeless
substrates, in particular, rock exposures and waste dumps and, in case of soil cover restoration, maintenance of soil fertility and
its microbiota, since the soil used in recultivation is significantly transformed.

These problems can be solved by introduction of the associations of microbiota into the ground able both for a rapid
development at the initial stages of fouling and for enrichment of soil that was the purpose of this work.

It is considered as optimal to use species having a wide range of adaptations to the changes of the environment. Such species
can be obtained from the associations of the extremal habitats and ecotones. In this case, the associations of karst underground
ecosystems were chosen. As the result of analysis of the associations of fouling of the entrance zone of a number caves, some
species of cosmopolites and ubiquists, psychrotolerant bacteria stable to the deficiency of illumination, phototrophs able to
endure drought and rapidly to restore in moistening, were selected. The majority of community films represent the symbiotic
associations from photosynthetic species and micromycetes. As illustrated by caves of Bashkiria, Siberia, Crimea, Caucasus
and Abkhazia, it was established that there are stable associations of species of green algae Chlorella vulgaris Beyerinck
[Beijerinck], cyanobacteria Leptolyngbya tenuis (Gomont) Anagnostidis & Komdrek with micromycetes of the genus
Penicillium; species P. chrysogenum Thom and Alternaria alternata (Fr.) Keissl were isolated more often from the
associations. These associations can be used for recultivation.

The work is carried out with support of RFBR, grant Ne 17-55-40003.
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Formation of productive systems "plant-microorganism-soil" with the use of microbial preparations is an important prospect of
obtaining high-quality competitive agricultural products, preserving soil fertility and environment. Associative microorganisms
provide plants with elements of mineral nutrition stimulate growth, increase adaptive potential to stress factors.

In order to accelerate and make the selection process more focused, the methodical approach that allows general selection of
associative microorganisms for specific plant species is offered. Obtaining the apical part of the root, free from the substrate, is
provided by growing the plants in the vascular system. This part of the root is populated by those microorganisms that
independently or in cooperation with others are able to associate with the root system of a given plant species. Since
microorganisms and plants are in interaction and mutual influence on one another, conditions for a cumulative culture of
microorganisms with selective influence of root exudates are created.

As a result of the studies, associative strains of bacteria from southern chernozems in regard to cabbage (Brassica capitata var.
alba Lizg.), tomato (Licopersicon esculentum Mill.), cuacumber (Cucumis sativus L.) and soft wheat (Triticum aestivum L.)
were isolated. The number of associative bacteria for cabbage was 31 morphotypes with a frequency of occurrence 17-100%
and abundance 0.3-65.4%. The largest number of morphotypes (52) was obtained from the apical part of the tomato root. The
frequency of their occurrence and abundance was 10-100% and 0.2-49.9%, respectively. The least number of morphotypes (27)
was isolated from the cucumber with the lowest frequency of occurrence (10-70%) and abundance (0.2-65.4%). Two samples
of southern chernozems from the virgin soil and agrocenosis were used in the experiment. The maximum number of bacterial
morphotypes on each plant species was isolated from virgin soil. Five strains of associative bacteria were isolated from the
apical part of the wheat root.

Analysis of microorganisms for the presence of spores showed that 57% of all studied isolates were spore bacteria: 60% of
isolates isolated from the apical part of cucumber roots, 62% - from tomato, and 50% - from cabbage. On Vinogradsky's
nitrogen-free medium, 30% of isolates grew well, and the same number did not grow at all, and 40% of bacteria showed weak
growth. Strict aerobic organisms were 12% of isolates.

Our research shown, that associative strains positively influenced on the growth and development of different species of
vegetable plants. An increased stimulating effect on the development of the root system was noted. This is an important factor
for root development of vegetable crops seedlings. Tested strains positively influenced on the development of cress (sometimes
referred to as garden cress), increased above-ground dry weight of plant by 9.1-27.3% and dry weight of roots by 18.2-63.6%
compared to the control.

Twenty-one morphotypes were isolated from the apical part of the soft wheat root. Five strains of associative wheat bacteria
showed positive effect on various types of cereals. Stimulation of wheat roots during bacterization of seeds showed an increase
in their length by 8.5-21.3%, by 15.4-24.0% for barley, by 8.5-24.3% for triticale and by 26.8-63.5% for rye in comparison
with the control.

Thus, the developed methodological approach provides accelerated production of new strains of microorganisms that are
associative to particular plant species. The number of obtained strains, their abundance and frequency of occurrence in the
apical part of the root determine the type of plant and the characteristic composition of root exudates, as well as the diversity of
microorganisms in soil samples. Associative strains had positive influence on the growth and development of different plants
species.
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CRISPR/Cas genome editing technology is still used mostly on bacterial and animal objects, but not on plants. Although it has
great potential in fighting hereditary diseases, the practical use of technology for editing plant genome seems to be more
achievable in the coming years. However, a problem of delivering the genetic construct to the cell still remains. Successful
editing depends strongly on the design of the guide RNA, which should be chosen properly in order to reduce the possibility of
the formation of hybrid DNA / guide RNA duplexes in non-targeted genome sites. Many programs for the design of guide
RNA are available, however, they can only be applied to the organisms, which genomes have already been sequenced.

The most well studied plant organism might be Arabidopsis thaliana, a famous model plant. It is no good for agriculture, but
its close relatives are popular crops. The guide RNA design is available for economically valuable plants of Brassicaceae:
canola, turnip, mustard, cabbage and false flax. These plants are very stress-tolerant and, therefore, important for Russian
agriculture.

In 2015, the SU Canola variety, created with the help of CRISPR and resistant to sulfonylurea herbicides, was commercialized
for the first time. But CRISPR/Cas technology has not yet been applied on other listed species, so it is an important task of
great scientific and practical concern. As for knock-in, there are no published data even for the model plant A. thaliana.

It has been shown that gene knockout using CRISPR/Cas can be performed in Arabidopsis in planta, by floral dip method. This
type of agrobacterial transformation is well reproducible in many plants of Brassicaceae family, transformation success
averaging from 2 to 10%. To the date, noone ever performed the knock-in using in planta method.

So, Brassicaceae plants are the most subtable objects for genome editing, with both scientific novelty and a great chance for
practical application.
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Dickeya solani, a recently emerged virulent agent causing black leg and soft rot of potato, is a major threat to world
agriculture. Because of the limitations in antibiotic use alternative strategies of control are considered, including the use of
bacteriophages.

Complete characteristization of D. solani-specific phage PP35 proves it as an attractive candidates for this purpose. Similar
Myoviridae phages belonging to the newly proposes genus Limestonevirus of bacteriophages were isolated in all locations of
infection outbreaks caused by D. solani.

The host range of PP35 is determined by the function of the tail spike protein, PP35 gp156, and the sequences of corresponding
genes are highly conserved among Limestonevirus genomes. The recombinant tail spike protein was shown to degrade the O-
polysaccharide of D. solani. The polysaccharide structure, —2)-f-D-6-deoxy-D-altrose-(1—, is unique among soft-rot
Pectobacteriaceae, however may be present in non-virulent environmental bacteria. Such alternative host, Lelliottia spp. F154,
was isolated and characterized. Non-pathogenic bacteria may maintain the threshold population of the phage, and, thus, play an
important role in the ecology of environmental microbiome. Also, such bacteria may serve as non-pathogenic host for
industrial production of therapeutic phages.

The project is supported by Russian Science Foundation, Grant #16-16-00073.
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The aim of the research work is creation of the new competitive microbial preparations on the basis of local strains of
rhizobacteria increasing cotton plant resistance to stress conditions.

Scientific novelty of the research work is as follows: as a result of screening the strains which are stable at chloride-sulfate and
sulfate salinization (up to 200 mM) were selected from the cotton rhizosphere; by means of study of morphological-cultural,
physiological-biochemical properties and 16S rRNA analysis the local salt resistant strains of rhizobacteria Pseudomonas
stutzeri, Bacillus subtilis and Bacillus megaterium are identified; it is revealed that local strains of rhizobacteria have large-
molecular plasmid DNA with sizes for P. stutzeri SKB 308 - 55 kb; B. subtilis SKB 309 -13.3; 30 and 48.5 kb and B.
megaterium SKB 310 - 23.1 kb; it is established that isolated strains Pseudomonas stutzeri SKB 308, Bacillus subtilis SKB
309 and Bacillus megaterium SKB 310 in stress conditions (pH-9) reveal high activity of indole-3-acetic acid (IAA) in the
amount of 20.7+1.01; 19.4+0.79; 17.74+0.85 pg/ml respectively; it is revealed that strain P. stutzeri SKB 308 synthesizes the
intermediate substance 1-bromine-2-phthalimidethane possessing high antagonistic activity; the synergetic mechanism of
rhizobacteria-cotton mutualistic interactions is proved; the mechanisms of stability of the local rhizobacteria strains Bacillus
subtilis, Bacillus megaterium and Pseudomonas stutzeri to Cl- and SO42- ions and mechanisms of their antagonistic activity
are revealed, the strains are deposited; the biological efficiency of preparation «Zamin-M» against main phytopathogens of
cotton (Fusarium sp., Xanthomonas comprestris pv. malvacearum, Fusarium oxysporum f. sp. vasinfectum, Botrytis cineria
and Verticillium dahliae) is proved; the biotechnology of liquid and dry biopreparations production for plant growing with a
complex effect is developed; for the first time an associative culture of compatible, salt-resistant, non-competing in conditions
of joint storage and use, rhizobacteria strains P. stutzeri SKB 308, B. subtilis SKB-309 and B. megaterium SKB 310 is
developed.
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Amyloids represent protein fibrils with highly-ordered spatial structure called cross-beta. Such a structure makes amyloids one
of the most stable biogenic particles resistant to various chemical and physical influences. Historically, amyloids were mainly
perceived as the lethal pathogens causing dozens of incurable disorders in humans and animals but during last decade amyloids
became clear to be not only pathogenic but essential functional quaternary protein structures implicated in a wide range of
biological functions in prokaryotes and eukaryotes. Despite their social significance, plants remain the only large group of
multicellular organisms where amyloids were not identified.

We performed a large-scale bioinformatics analysis of the distribution of potentially amyloidogenic regions in the proteomes of
75 species of the land plants which involved about 2.9 million of proteins. Using two bioinformatics tools, Waltz and SARP,
we demonstrated that potentially amyloidogenic proteins are widespread in the proteomes of plants with their number
corresponded to the number of amyloidogenic proteins in the proteomes of organisms in which amyloids were identified, like
humans and different species of fungi. Amyloidogenic proteins tended to be associated with different biological processes and
functions including transmembrane transport, defense against pathogens and protein storage in seeds. We performed in-depth
analysis of the association between amyloidogenic properties and seed storage function of plant proteins. We found that seed
storage proteins comprising conservative barrel domain Cupin-1, predominantly 7S and 11S globulins, are rich in
amyloidogenic regions in the most of land plant species. So, 302 storage proteins with Cupin-1 domain belonging to 54 of 75
analyzed species contained amyloidogenic regions. For example, we identified 119 seed storage proteins with Zein domain,
121 proteins with Gliadin domain, 13 with Vicilin domain and 7 proteins with high molecular weight Glutenin. All of these
domains were found to be amyloidogenic. Experimental analysis performed with several storage proteins or their regions
confirmed their amyloid properties including formation of unbranched fibrils and binding amyloid-specific dyes.

Based on the data observed we propose that amyloid formation by seed storage proteins represent a novel molecular
mechanism of the protein storage in seeds which is important for stabilization of proteins to prevent their degradation and
misfolding during natural dehydration and unfavorable environmental conditions.

This work was supported by the Russian Science Foundation (Grant No 17-16-01100).
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Fusarium oxysporum sp. lini leads to fusarium wilt that causes over 20% flax yield reduction, and epidemics of the disease can
result in 100% yield loss. This is one of the most harmful flax (Linum usitatissimum L.) pathogens. Flax cultivars have diverse
resistance to fusarium wilt. Earlier, we performed transcriptomic analysis of resistant and susceptible flax genotypes inoculated
with F. oxysporum and revealed specific expression alterations for a number of flax genes in resistant genotypes compared to
susceptible ones. In the present study, we addressed the question of whether there is any difference in expression of the fungus
genes when the pathogen infects genotypes with diverse resistance.

Seedlings of resistant (Dakota and #3896) and susceptible (AP5 and TOST) to F. oxysporum flax cultivars were inoculated
with Fusarium oxysporum sp. lini isolate #39 from the collection of the All-Russian Research Institute for Flax. For each
cultivar, RNA was isolated from two pools of plant roots. TruSeq Stranded Total RNA Sample Prep Kit (Illumina, USA) was
used for the preparation of 8§ cDNA libraries. The libraries were further sequenced on NextSeq500 high-throughput sequencer
(Illumina, USA) using 80-nucleotide pair-end reads. As a result, about 25 million pair-end reads were obtained for each
cultivar. About 30-40% of the reads were mapped to genome and transcriptome of F. oxysporum. Then, the number of reads for
each F. oxysporum transcript was assessed, and expression analysis was performed using the edgeR. The similarity of gene
expression profiles was higher within groups of cultivars with similar resistance to the pathogen. F. oxysporum genes with the
most significant differences in expression level upon inoculation of resistant and susceptible flax genotypes were identified.
The analysis of expression of genes of F. oxysporum fungus upon infection of flax cultivars with diverse resistance is important
for understanding the plant-pathogen interactions. The data on F. oxysporum genes with distinct expression when pathogen
infects resistant and susceptible cultivars bring new insights into mechanisms of fungal infection. This work was financially
supported by the Russian President Grant MK-5828.2018.4.
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Salicylic (SA) and jasmonic (JA) acids are key regulators of plant defense responses to pathogen invasion. However, there are
examples indicating that the induction of the above systems leads to plant susceptibility. SA- and JA-induced pathways work in
antagonism and only one of these pathways can be active. In turn, pathogens possess different degree of sensitivity to SA- and
JA-induced responses and may activate the type of response preventing their development within the host to a lesser extent.
For example, biotrophic pseudomonads produce phytotoxin coronatin which activates JA-dependent plant responses and
represses the SA-dependent ones. Gene cluster that encode enzymes for biosynthesis of coronafacic acid (cfa) — structural
component of coronatin was detected in necrotrophic Pectobacterium atrosepticum (Pba). Despite the fact that Pba is usually
considered as brute force pathogen causing soft rots it may inhabit the host without any visible damage as biotrophic pathogen.
Here we assume that different types of interaction could be related to alterations in JA/SA balance in the infected plants.

First, we evaluated the activity of JA- and SA-dependent hormonal systems during latent and typical infection in potato and
tobacco plants by analyzing the expression levels of marker genes. We also estimated the effect of JA and SA pretreatment on
plant resistance to pectobacteria. The expression of JA-marker genes was activated during the typical infection in tobacco and
potato plants. During the latent infection the expression of JA-marker genes either did not differ from that of intact plants or
was significantly lower than during the acute infection. Typical infection was not related to activation of the expression of the
SA-regulated PR1 gene however during a latent infection the transcript content of this gene increased. Thus, the development
of disease with typical symptoms is associated with activation of the JA-dependent system which does not restrict pathogenic
organism in planta. In contrast the latent infection is related to the induction of the SA-dependent system and reduced
propagation of the pathogen. To confirm different effects of the JA- and SA-dependent systems on the disease development
exogenous pretreatment of plants with methyl jasmonate (MeJA) and SA was performed. SA pretreatment inhibited the
development of disease symptom while MeJA pretreatment caused no significant effect.

Next, we determined the role of cfa during the interaction of plants with pectobacteria. The strategies of plant colonization by
wild type Pba and cfa-deficient cfa mutant were compared. The wild type and cfa mutant bacteria were able to propagate
within the host with the same efficiency i.e. form the bacterial emboli and colonize the primary xylem vessels. In contrast to
the wild type the cfa mutant was unable to colonize the parenchyma and did not cause tissue maceration. To test whether
coronafacic acid may activate JA-responses, we compared the expression of the level of the JA-marker gene (LOX) in infected
plants. The expression level of LOX gene in plants infected with cfa mutant was higher compared to mock plants but much
lower compared to plants infected with the wild type.

Thus, we have revealed that development of disease caused by Pba is related to the balance of JA- and SA-dependent
responses. SA inhibits the propagation of pectobacteria and determines the development of asymptomatic interaction of
pathogen with the host. The development of typical infection is related to the induction of JA-mediated responses which is
determined by coronafacic acid production by Pba.

This study was supported by Russian Scientific Foundation #15-14-10022.
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Bacteria have high adaptive potential that provides their survival during various environmental challenges. For adaptation
bacteria activate a physiological program of stress-response that makes them able to persist under adverse conditions. Modern
views on the mechanisms of bacterial adaptation are based on the following postulates. The program of bacterial stress
response begins with the induction of stringent response related to the negative regulation of the expression of genes associated
with growth and cell division as well as the positive regulation of genes involved in the cell differentiation, resistance and
persistence. At the same time, the program of cell death is activated in the remainder part of the bacterial population. The
activation of stress response program occurs depends on bacterial systems of cell-to-cell communication and therefore it can be
implemented in populations of high cell density only. A universal cascade of stress reactions leads to the formation of one type
of a resistant cellular forms.

Considering the variety of stress factors in the environment, different physiological states of microorganisms and unequal cell
densities in bacterial populations under stress, we have assumed the existence of a multiplicity of the bacterial adaptive
programs. In our study we have revealed that phytopathogenic microorganism Pectobacterium atrosepticum (Pba) is able to
use different adaptive strategies under starvation.

First, the Pba cells were subjected to carbon (or nitrogen) starvation at high (10°-10°, above quorum level) and low (101-105,
below quorum level) population densities. Bacteria were able to adapt to starvation at low population density; herewith, the
initial part of stress response was related to cell proliferation until the population density reached 1 million cells/ml — the value
at which intercellular communication as well as stringent response was induced. Herewith, the cells acquired specific
morphology different from that of the cells starved at high density. As a result of adaptation, cells that starved at both low and
high density acquired cross-protected phenotype, e.g. became resistant to multiple stressors.

Second, the cells of Pba at different physiological states (actively growing exponential phase and stationary phase cells) were
exposed to carbon starvation. In exponential phase cells under starvation, the nucleoids of cells became condensed, and their
DNA was detected by qPCR less effectively than the one of the cells growing in nutrient-rich medium or stationary phase cells
encountered starvation. Exponential phase cells subjected to starvation shown increased expression level of genes encoding
DNA-binding histone-like proteins. In turn, cell wall deficient forms that were inefficient in their colony forming ability and,
thus, had non-culturable phenotype, were formed in the starving cultures inoculated by stationary phase cells. Cell wall
deficient forms displayed reduced expression level of genes of synthases of cell-wall components.

Third, when Pba was subjected to nitrogen starvation, no stringent response or nitrogen stress response controlled by global
transcriptional regulator NtrC (GInG) were induced in bacterial cells. Wherein the increase in the transcript level of gene
encoding master regulator of nitrogen fixation NifA has been observed for the starving cultures. These results point to ppGpp-
and NtrC-independent activation of stress response in Pba under the described above conditions.

Thus, phytopathogen P. atrosepticum is able to modulate its metabolism according to suitable adaptive programs. Herewith, the
following events may occur in the bacterial populations: cell lysis or cell division, the activation of stringent response or not,
the formation one or the other resistant cell phenotypes.

This study was supported by RSF (15-14-10022) and a grant MK-2191.2017.4.
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Agastache is a genus of Lamiaceae encompassing more than 20 species of perennial aromatic and medicinal plants. Some of
Agastache species are used as a source of spice, essential oils and herbal drugs. Agastache are rich of specialized metabolites
such as phenylpropanoids and terpenoids. The first group contains phenolic acids, flavonoids and depsides. Terpenoids are
volatile compounds contained in various plant organs - monoterpenes and sesquiterpenes. Tissue culture technique is a
valuable tool for mass propagation and germplasm conservation of medicinal plants. Also plant in vitro culture is important for
secondary metabolites production. Agastache rugosa hairy roots culture and suspension culture are used for the efficient
production of rosmarinic acid. Plant irn vitro cultures have been applied mainly to 4. rugosa and only rarely to other species (4.
mexicana and A. foeniculum). Other Agastache species are not sufficiently studied in in vitro culture. The aim of our research is
to develop and to optimize an efficient and reliable protocol for direct regeneration of three Agastache species (A. foeniculum,
A. scrophulariifolia, A. urticifolia) by comparing the shoot regeneration capacity of various explant types on nutrient media
containing different plant growth regulators. Seeds were surface sterilized by soaking in 70% ethanol for 1 minute followed by
5% sodium hypochlorite solution for 15 minutes. Subsequently the seeds were rinsed three times with sterilized distilled water.
The sterilized seeds were cultured on the Murashige and Skoog (MS) medium without any growth regulators. For obtaining in
vitro explants, 30-days-old aseptic seedlings were used. Stem, leaf and node segments were the explants. Leaf-derived callus
was also used for shoot regeneration. Optimal callus was developed from 30-days-old in vitro plants on MS medium
supplemented with 0.5 mg/l 2,4-dichlorophenoxyacetic acid and 0.1 mg/l kinetin. For regeneration studying explants were
transferred onto MS medium supplemented with various cytokinins in different concentrations (kinetin — 0.1, 0.5, 1.0, 1.5
mg/l; 6-benzylaminopurine — 0.5, 1.0, 2.0, 5.0 mg/l; thidiazuron — 0.1, 0.5, 1.0, 2.0 mg/l) and the shoot differentiation
efficiency of the explants were evaluated. MS medium lacking growth regulators served as control. For all studied Agastache
species regeneration was possible only from nodal explants. The highest regeneration efficiency was achieved on MS media
contained 0.1-1.0 mg/I kinetin and made up 52.5-76.0 % for A. foeniculum, 72.0-82.0 % for A. urticifolia and 60.0-81.8 % for
A. scrophulariifolia. There was not significant difference between control for A. urticifolia and A. scrophulariifolia. But shoots
regenerated from kinetin supplemented medium showed better elongation for all studied species. In other variations of media
with cytokinins explants formed callus, teratomas, leaves and stems. Second set of experiments was carried out to test the
response of growing shoots to auxins supplementing. Explants were transferred onto MS medium supplemented with 1-
naphthalene acetic acid (NAA) or indole-3-acetic acid (IAA) (0.1 mg/l or 0.2 mg/l) in combination with kinetin (0.5 mg/l). MS
medium lacking auxins was served as control. Auxins did not have significant effect on the regeneration efficiency for all
studied species. MS medium supplemented with 0.2 mg/l NAA reduced the regeneration efficiency for all studied species. This
in vitro propagation procedure should be suitable for conservation and large-scale commercial cultivation of Agastache species.
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Plant growth promoting rhizobacteria are a vital component of soil ecosystem owing to their beneficial activities towards
plants. Presence and abundance of these PGPR’s within the vicinity of plants root helps in better growth, development and
production of plant. Fluorescent pseudomonads are one such group of PGPR that play a major role in plant growth promotion,
induced systemic resistance, biological control of pathogens and resistance against several types of abiotic stresses.
Pseudomonas fluorescens are known to enhance and promote plant growth and reduce severity of various abiotic stresses. The
present work was carried out with an objective to evaluate the plant growth promoting traits and abiotic stress tolerance
potentials of fluorescent pseudomonads isolated from different locations. A total of 16 fluorescent pseudomonad isolates
showing production of green fluorescent pigments on King’s B agar media were tested in this work. All the 16 isolates tested
were found positive for the production of the phytohormone indole-acetic acid. The amount of IAA produced ranged from 25
mg/L to 153 mg/L. All the 16 isolates were also found to exhibit phosphate solubilization potential under in-vitro conditions.
Using insoluble tricalcium phosphate as sole source of phosphate the amount of phosphate solubilized ranged from 3.18 mg/L
to 9.37 mg/L. These isolates were further evaluated for their tolerance capabilities against 3 different abiotic stressors viz.
salinity, heavy metal and water limiting/desiccation stress. All the isolates were tested for growth against salinity on 4 levels of
salinity amended media (250 mM, 500 mM, 750 mM and 1000 mM). All the isolates showed survival and growth upto the
highest level of salinity tested. These isolates when tested for heavy metal tolerance (Cd and Pb) showed selective tolerance
and only 8 out of 16 isolates exhibited tolerance against heavy metal stress. Both the heavy metals were tested at different
concentrations by amending the growth media with their respective salts. Incase of Cd applied as CdSO, 8 isolates exhibited
growth at 150 uM; amongst these 8 only 4 isolates showed growth at 200 uM; while further from these 4 only 2 isolates
survived at 250 pM CdSO.. In case of Pb the 8 isolates which expressed tolerance showed survival and growth upto 1000 uM
of PbCl, tested. Tolerance of the fluorescent pseudomonad isolates against desiccation was tested by culturing and growth
evaluation in media amended with different concentrations of PEG 6000. All the 16 isolates exhibited growth at 10% of PEG.
With increase in PEG concentration to 15% only 8 isolates showed growth and survival. With further increase in PEG
concentration to 20% and 25% respectively these 8 isolates exhibited significant survival but with delayed growth. The results
obtained in this study put forward that these fluorescent pseudomonad isolates tested hold promising potentials for their field
application owing to their dual nature of plant growth promotion capabilities and a wide range of abiotic stress tolerance.
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Among the many pollutants, heavy metals are one of the most dangerous. An increase in their content in the environment and
accumulation in the soil adversely affect the composition of the taxonomic groups of soil microbial sequences. In addition, soil
contamination with toxic concentrations of heavy metals can cause changes in the composition of root exudates of plants,
which are the main readily accessible sources of nutrition for microorganisms. The main classes of root exometabolites are
sugars, amino acids and amides, fatty and organic acids (aliphatic carboxylic acids), as well as aromatic and phenolic acids.
The quantity and quality of the root exudates depends on the age and health of the plant, the presence of other plants, the
organo-mineral constituent of the soil type, fluctuations in the surrounding environment and, as is known, the species and even
the plant variety.

Increase the synthesis of root exudates allows the binding of metals in the soil, with the formation of less toxic complex
compounds by phytohelatins and organic acids. The organic acids have stronger affinity with heavy metals than that of amino
acids.

The purpose of our work was to study the relationship between the accumulation of heavy metals and the change in the
composition of root exudation of organic acids in pea (Pisum sativum L.) with mono- and polymetallic contamination. Because
studying exudation from plant grown in unsterilized soil is challenging, most scientific research is conducted on hydroponic
culture. Despite the artificial environment, far from real environmental conditions, hydroponic techniques may still be suitable
for screening general plant root metabolic reactions to nutrient deficiencies or pollutant toxicities.

As the plant objects, we chose the laboratory line - SGE and obtained on its basis mutant - SGECdt, characterized by increased
resistance to cadmium and cobalt. Plants were inserted into a floating platform and this floating platform was placed on the
surface of the nutrient solution. Heavy metals were added to the solution in the form of solutions of salts: 2 uM CdCl, and/or
20 uM CoSO,. Anion of cadmium was not chosen by chance, since the salinity of chlorides is strongly associated with an
increase in the absorption of cadmium by plants from the solution. Controls were vessels without the addition of metals. In
each variant were put 4 replicates. The experiment was carried out in the phytotron within 14 days prior to the time of
collection of exudates.

The single introduction of cadmium and cobalt inhibited the growth of roots and shoots to a greater extent in wild-type pea -
SGE. With the combined addition of metals, an additive negative effect on plant growth SGECDt was not observed. The
measurement of elemental analysis using an inductively coupled plasma emission spectrometer ICPE-9000 (Shimadzu, Japan)
of dry straw plants showed, that the content of cadmium in mutant-genotype increased in the presence of a toxic concentration
of cobalt. On the contrary, the content of cobalt in plants decreased with the introduction of cadmium into the solution.
Hydroponic solutions containing exudates were analyzed by high performance liquid chromatography Acquity UPLC H-class
(Waters, CIIIA). The treatment with metals significantly changed the profile of root exudation of organic acids in both pea
genotypes. It was shown that the mutant SGECdt releases significantly more exometabolites. Adsorption of cobalt in solution
and reduction of its accumulation in plants with polymetallic contamination is most likely due to an increase in the yield of
pyruvic acid in SGE and acetic and malic acids in SGECDt.

Thus, the SGE line and the cadmium-resistant mutant SGECdt is a unique genetic model to search for plants with an increased
level of root exudation for use them in phytostabilization technologies on the interaction of plants with microorganisms. This
work was supported by the Russian Science Foundation (14-16-00137).
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Microorganisms associated with plants play an important role in their development, performing a wide range of adaptively
significant functions: Study of the structure of the rhizosphere microbiocenosis of a tea plant (the ratio of the number of
microorganisms of different groups), the properties of microorganisms participating in microbial-plant interaction (antibiotic,
fungicidal activity, ability) are needed to understand the conditions of the existence of the tea plant ecosystem and is necessary
in assessing adaptive sweat and the increase of stability by regulating the species composition of the microbiocenosis.

The investigations were carried out in 2014 in the zone of humid subtropics of the Black Sea coast of Russia (Uch-Dere
settlement, Krasnodar Territory), on the production tea plantation of the variety Kolkhida (50-80 centners per hectare), 1983
planting. The soil is brown, acidic, on mudstones-deluvium of argillites; agrofon N240P70K90 kg / ha, pH of the salt. in the
range 3.71 to a depth of 40 cm, 3.81 - in a layer of 60-80 cm; the humus content averaged 3.4%. In the fall period (October)
soil samples were taken from the rhizosphere locus (1 mm directly adjacent to the roots) in the depth of propagation of the
plant root system (up to 80 cm); a generic identification of the dominant forms of microorganisms of different groups was
carried out. From the rhizosphere of the surface layer of soils (10-20 cm), bacterial isolates were isolated and their properties
were studied. Fungicidal activity of isolated bacterial isolates was determined with respect to strains of phytopathogenic fungi
of the genus Fusarium using the method of "wells" on potato dextrose agar, bactericidal activity on 4 strains of
phytopathogenic bacteria using the "agar blocks" method on 2% potato agar. A qualitative reaction to indolylacetic acid (IAA)
and its derivatives was carried out with the aid of the Salkovsky reagent. The number of microorganisms was taken into
account in the reconstituted samples after storage in a freezer at a temperature of -180 °C by dilution and seeding the soil
suspension onto elective media (bacteria-MPA, actinobacteria-Gouse-1 supplemented with penicillin (1 mg /1) and nystatin (50
mg / 1), micromycetes - acidified Czapeka).

As a result of investigations, a fairly uniform distribution with depth in the rhizosphere region of saprotrophic bacteria was
established (from 3.0 = 1.0 in the 10-20 c¢m layer to 8.8 + 3.0 in the 60-80 cm x 10° colony forming units / gram of soil), with
the predominance of gram-positive (spore) forms of bacteria (71-96%) over gram-negative (non-spore forming) (4-29%) and
micromycetes (from 30.0 + 9.0 in the 30-40 cm layer to 60 , 0 + 5,0 in the 10-20 ¢cm % 10° colony forming units / gram of soil).
The higher abundance of actinobacteria (10 times) in the upper root zone of soils to a depth of 20 cm (190.0 £ 20.0 x 10°
colony forming units / gram of soil) was noted in comparison with the deeper layers. The dominant groups in the tea
rhizosphere were representatives of saprotrophic aerobic bacteria of the genus Bacillus; actinobacteria of the genus
Streptomicetes; micromycetes genera Penicillium (78%) and Aspergillus (14%), to a lesser extent genera Trichoderma,
Fusarium, Mucor, Alternaria 6 morphotypes of saprotrophic bacteria were isolated and described. Of these, 33 per cent had a
fungicidal activity and 100 per cent — bactericidal activity, while 33 per cent had an ability to produce auxins (IAA).
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Rape fields in Belarus occupy the total territory about 450 thousand hectares. The area sown by spring rape varieties
constituted in 2017 83 thousand hectares, by winter cultivars — over 360 thousand hectares. Rape is a unique agricultural crop
producing seeds containing up to 44% of vegetable oil, 18-22% of protein, 6-7% of crude fiber, 24-26% of nitrogen-free
extractive substances. This cruciferous culture is widely used in the republic for technical, fodder and alimentary purposes.
Rape is a valuable oleaginous crop. Rapeseed oil is properly balanced in the contents of major unsaturated fatty acids —
linolenic (omega-3) — 11%, linoleic (omega-6) — 20% and oleic (omega-9) — 59%. Omega-6 acid is the constituent of most
vegetable oils, whereas omega-3 is the food component deficient in human diet. Potential productivity of local rape cultivars
and hybrids is high: 35-50 c/ha for spring varieties, 55-70 c/ha for winter crops. However, the real harvests reach only 30 to
50% of the expected values and average rapeseed yields at many farms vary from 11 to 16 c/ha. To maximize genetically
determined characteristics of the culture it is essential to formulate grounded approach to tillage technology allowing to use
efficiently the inherent gene stock of the plants and soil-climatic resources of the country. The performed analysis of available
literature reports emphasizes bright prospects of microorganisms as the agents promoting rape productivity.

Researchers from Institute of Microbiology, NAS Belarus developed several biopreparations for plant cultivation — Gordebac,
AgroMyc, Bactopin, distinguished by a complex phytobeneficial action: growth stimulation determined by IAA synthesis,
nitrogen fixation, phosphate mobilization, antimicrobial activity. All biopreparations are based on nitrogen-fixing and
phosphate-mobilizing bacteria of genera Enterobacter, Rahnella, Pseudomonas, Rhizobium and arbuscular mycorrhizal fungi
of genus Glomus.

Variety — dependent influence of microbial preparations Gordebac, AgroMyc, Bactopin on seed germination and seedling
length of 12 cultivars and 2 hybrids of home-bred rape was investigated in a series of model experiments. The leading position
in these parameters was held by spring rape cultures Hedemin, Duke, hybrid Ruby F1 and winter crops Imperial and Vitaut.
Microbial treatment raised seed germination rate of spring cultivars and hybrids by 14.6%, length of seedlings — by 12.0% on
the average in comparison with the control values assumed to be equal to 100%. Germination and seedling length parameters
in winter rape cultures also increased under the impact of microbial treatment, with the average 14.5% rise over the control.
Effect of pre-sowing seed treatment with biopreparations Gordebac, AgroMyc, Bactopin on productivity of winter rape was
tested in field experiments. Favorable action of all studied biological products on productivity of oleaginous seeds was
recorded to reach 72.0-77.1 c/ha. The increment in yield of winter rape seeds equivalent to 11.9 c/ha, or 18.2% up the control,
was superior in experiments with Gordebac supply.

Summing up, application of microbial preparations possessing a set of valuable properties to promote rape cultivation is a
sound alternative to other types of fertilizers. Introduction of microorganisms isolated from natural sources into agricultural
practice is especially relevant non because shrinking share of mineral fertilizers is a vital prerequisite for production of eco-
safe vegetable products.
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The effectiveness of somatic embryogenesis (SE) in callus cultures in vitro largely determines the practical importance of plant
biotechnologies. The role of selection of optimal concentrations of exogenous phytohormones in SE induction and in increase
of the embryoidogenic ability of calli is well studied. At the same time, data on the involvement of endogenous phytohormones
in these processes are very limited. The aim of the work is to study the content of endogenous phytohormones (free IAA, ABA
and cytokinins) in calli and the effect of the ratio of their concentrations on the embryoidogenic ability of calli. The objects of
investigation were embryo calli of wheat (cv. Bashkirskaya 26) and barley (cv. Steptoe and its ABA-deficient mutant AZ34).
The concentration of phytohormones was determined by the ELISA method. It has been established that embryoidogenic calli
of wheat and barley cv. Steptoe are characterized by a relatively high level of IAA and low levels of ABA and cytokinins.
Thus, the relative ratio of the amount of ABA: IAA: cytokinins was 1:12:1 in wheat and 1:7:3 in barley. Wheat calli, obtained
on medium with a high content of 2,4-D and incapable of SE induction, showed a 2-fold increase in the content of IAA and
cytokinins with respect to ABA (the ratio of ABA: IAA: cytokinin was 1:24:2). Such a high content of IAA and cytokinins,
possibly, significantly increases the proliferative activity of calli and thus makes callus cells impossible for differentiation. In
addition, the obtained data support the opinion on the possibility of increasing the endogenous auxins concentration under the
influence of exogenous synthetic auxins, and also confirm the fact that ABA participates in SE processes in callus cultures in
vitro. Calli of the ABA-deficient mutant of barley AZ34, obtained under the same conditions as the embryoidogenic calli of the
parental form and incapable of SE inducing, showed a significant increase in the content of IAA and cytokinins in relation to
ABA (the ratio of ABA: IAA: cytokinin was 1:22:6). Such data can be explained by the antagonistic interactions of ABA and
auxins/cytokinins: very low absolute values of the ABA content in AZ34 barley calli cells lead to a significant increase in the
concentrations of IAA and cytokinins. The obtained data also confirm the participation of ABA in the SE processes in calli.
Calli of AZ34 barley, obtained on medium with the addition of ABA, were able to regenerate plants, and the relative content of
ABA: TAA: cytokinins was 1:2:1. It should be noted that the absolute values of cytokinin concentrations in all variants of the
study were similar. On the basis of these data, it can be concluded that the ratio of the concentrations of IAA and ABA plays a
decisive role in the ability of calli to SE induction. Thus, under the conditions of the performed experiments, the
embryoidogenic ability of the calli of the studied cereals is determined by the balance of endogenous IAA and ABA. Obtained
data make it possible to artificially increase the ability to SE induction and, in general, to plant regeneration in callus culture in
vitro of cereals.

The reported study was funded by RFBR according to the research project Ne 17-04-01477.
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Thladiantha dubia Bunge is a perennial herbaceous climbing liana from the Cucurbitaceae family, which in natural conditions
occurs in the Russian Far East and beyond - in Northeast China and on Korea. Potential aggressiveness and high invasive
potential are the distinctive features of this species. Such characteristics of the 7. dubia are prerequisites for a more detailed
study of the biological invasion of the plant and the possible exclusion of the Thladiantha from the range of cultivated plants in
the Republic of Bashkortostan.

The purpose of the study is features of biological invasion of the 7. dubia in the Republic of Bashkortostan with the
involvement of molecular genetics methods.

T. dubia plants were searched and investigated on the territory of several administrative districts of the Republic of
Bashkortostan in the summer of 2017. We found the plants of the 7. dubia in the villages of Ukarlino (55°1'53"N, 56°29'3"E),
Istrikovo (55°3'0"N, 56°29"21"E), Nimislyarovo (55°3'45"N, 56°34'2"E) and Bolshetenkashevo (55°0'15"N, 56°30'30"E) of
Nurimanovsky district of the Republic of Bashkortostan (RB), 60 km north of the Ufa city. The leaves and tubers of the T
dubia were selected for analysis in the Ukarlino village due to the most abundant growth. Part of the tubers of the T. dubia
were carefully washed, cut into small pieces and placed in Petri dishes with filter paper moistened with distilled water. Petri
dishes were then placed in a climatic chamber with a temperature of 25°C and a light intensity of 5 klux. Another portion of the
tuber is not washed and divided into pieces of different size with the skin or skinless. Then these small pieces of tubers were
placed in vegetation vessels with a universal soil and covered with a film for the first 5 days to prevent loss of moisture.
Vegetation vessels with slices of tubers were stored in a light room at a temperature of 27°C and a light intensity of 4 klux.

The leaves, tubers and fruits of 7. dubia were collected under natural conditions of growth (Primorsky Krai, Nadezhdinsky
district, neighborhood of the railway station Nadezhdinskaya, valley of the Schmidtovka river (131°98'53"N, 43°33'S8"E)).

The dry leaves of the T. dubia were used to isolate total DNA by the CTAB method. The quality of the isolated total DNA was
determined by electrophoresis in a 1% agarose gel. RAPD analysis was performed using universal primers LMBD, AFK1,
AFK3, DAPD171, OPAI-04, OPAI-05, OPC-06, OPAB-08, OPAC-14, which were synthesized in Evrogen (Russia). 6 ISSR
primers (IS1, IS3, DAC1, DAC2, HB12, HB14) were also used in the work.

As a result of our work, we detected the largest invasive populations of 7. dubia in the territory of the Republic of
Bashkortostan. By artificial reproduction of the 7. dubia with small pieces of tubers in the laboratory, we showed a very high
ability of this plant to vegetative reproduction. Comparative RAPD and ISSR analyzes of samples from the natural population
of the T. dubia from the Primorsky Krai of the Russian Federation and its invasive population from the Republic of
Bashkortostan were carried out. Between the native and invasive populations of the 7. dubia, genetic differences were
identified.

From our and published data it follows that the 7. dubia should be referred to a weed species with a high invasive potential,
and therefore all the necessary measures must be taken during its cultivation to exclude its spread in natural biocenoses and
agroecosystems.
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Nowadays, the genus Azospirillum of free-living alphaproteobacteria from the family Rhodospirillaceac comprises 19 species.
Many species of azospirilla have been isolated from cultivated soil in association with wild grasses and agricultural crops and
demonstrate plant-growth-promoting activity. Azospirillum displays a versatile C- and N-metabolism, which together with high
genomic plasticity, makes them well adapted to different, sometimes unusual environments. Several Azospirillum species have
been isolated from non-plant-associated sources: oil-contaminated soil (4zospirillum rugosum), discared road tar (Azospirillum
picis), sulphide spring (Azospirillum thiophilum), fermented tank (Azospirillum fermentarium), and microbial fuel soil
(Azospirillum humicireducens), but nitrogen fixation genes were identified in their genomes, therefore PGPR activity of these
species is to be investigated.

Lipopolysaccharides (LPSs), predominant cell surface components of azospirilla, in addition to barrier function are involved in
the early stages of colonization of the plant roots. Recently, it has been demonstrated that the LPS of Azosprillum induces
deformations of root hairs, stimulates plant-growth-related biochemical responses, and specifically enhances the
morphogenetic activity of wheat somatic tissues. Structural studies of lipopolysaccharides are essential for understanding their
role in the formation of the associations with plants.

In the last years, the structures of the O-specific polysaccharide (OPS), the most variable domain of the LPS, were elucidated
for about 40 strains of A. brasilense, A. lipoferum and A. halopraeferense. However, information about the OPS structures of
the other azospirilla species remains obscure. This work aimed at structural analysis of the lipopolysaccharides from the type
strains Azospirillum formosense and Azospirillum fermentarium.

A. formosense and A. fermentarium type strains IBPPM 579 and IBPPM 578, respectively, were obtained from the Collection
of the Rhizosphere Microorganisms IBPPM RAS. The bacteria were cultivated at 30 °C in a liquid malate medium to late
exponential phase, and cells were separated by centrifugation. Capsular polysaccharides were removed by repeated washing
with 0.15 M NaCl, the cells were washed with acetone and dried on air. The biomass (10 g) was extracted by the Westphal
procedure, proteins and nucleic acids were precipitated by TCA (pH 2.7) and removed by centrifugation. After dialysis of the
supernatant, LPS preparations were obtained in yields ~6-8 %.

Fatty acid composition of the LPSs by GLC of FAME revealed the presence of characteristic for azospirilla fatty acids: 30H-
C-14:0, 3-OH-C-16:0, C:16:0, C:16:1 and C-18:1. O-deacylated LPSs contained predominately 3-OH-C-16:0, indicating this
fatty acid to be N-linked.

SDS-PAGE analysis showed that LPS was of S-type, due to the presence of the bands in the upper part of the gel. The OPSs
were obtained by mild acid degradation of the LPSs and separated from low-molecular fractions by gel-permeation
chromatography on Sephadex G-50.

Monosaccharide analysis by GLC of the aldidol acetates revealed that the OPS of A. formosense contains Man, Man3OMe,
Fuc and Xyl, whereas the OPS of A. fermentarium — Man and Fuc. The structures of the repeating units of the OPS were
determined by 1H and 13C NMR spectroscopy, including 1H-1H COSY, 1H-1H TOCSY, 1H-1H ROESY, 1H-13C HSQC, and
1H-13C HMBC experiments. As a result, it was established that the OPS of A. formosense is presented by branched
trisaccharide repeating units having 4-substituted L-Fuc and D-Xyl in the main chain and Man (Man30Me) in the side chain.
The degree of methylation of Man residues was about 60-65%. The OPS of A. fermentarium is linear and composed of
tetrasaccharide repeating units, in which L-Fuc interchange with D-Man residues.
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Amaranthus cruentus (red amaranth) is one of promising crops for Russia. The high nutritional value due to the increased
protein content balanced by amino acid composition, vitamins and mineral salts makes amaranth attractive in cooking and
agriculture and there are also data on the use of amaranth and its products as a source of antioxidant and anti-inflammatory
substances. The works of domestic breeders are aimed at obtaining new varieties of amaranth with improved growth
characteristics and other economically valuable traits, however, modern methods of genetic engineering which involve the
introduction of target genes into the genome can also be used to increase the productivity and yield of amaranth.

For example, overexpression of the ARGOS-LIKE gene (ARL) which encodes an ethylene signaling inhibitor increases the size
of aerial organs of transgenic 4. thaliana due to a positive effect on cell expansion. At the moment, one can find the description
of only several works on agrobacterium-mediated transformation of amaranth in which embryogenic callus or epicotyl
segments were used as explants.

However, for the species A. cruentus the method of agrobacterium-mediated transformation has not been applied yet. In this
regard, there is a need to develop effective methods of transformation of this species of amaranth.

The purpose of our work is to develop a method of agrobacterium-mediated transformation of the cultural species of A.
cruentus. For this purpose, the task was to develop a method for microclonal propagation and agrobacterial transformation of
red amaranth in an in vitro culture with subsequent adaptation of rooted shoots to soil and open air conditions. The genetic
engineering structure 35S5::4ARL containing the target ARL gene from A. thaliana, was used in the study. For experiments on
agrobacterium-mediated transformation of amaranth plants epicotyl segments obtained from aseptic germinated seeds of A.
cruentus were used.

The works carried out resulted in generating three transgenic amaranth plants bearing the genetic engineering structure
358::ARL. The transgenicity of amaranth obtained during the study of plants was confirmed by PCR-analysis for the presence
of marker and target genes. Two transgenic amaranth plants were acclimatized to soil and open air conditions.
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This is a fact that if there is one feature that distinguishes plant from animal life on our planet, it is not plants being primarily
sessile, as a few animals share this trait, rather, it is the reliance of plants on solar energy to generate molecules with energy-
rich bonds, the fuel that will be used by almost the entire biosphere (including plants themselves) to build other organized
molecules and drive the rest of the processes that we know as life ,Chloroplasts are the sites of this wonderful process. Cotton,
as a world leading textile crop and a model system for studies of many biological processes, genomics research of cottons has
advanced rapidly in the past few years. Gossypium contains five tetraploid (AD; to ADs, 2n = 4X) and 47 diploid species
(designated A through G, plus K, 2n = 2X), but the origin and evolution of allotetraploid Gossypium has remained
controversial.

Complete chloroplast genome sequences belong to three diploid species were determined and annotated. Bioinformatics
analyses showed that, the chloroplast genomes of Gossypium were highly conserved. Three chloroplast genomes were typical
circular chromosomes like those of most other higher plants, including the large single copy (LSC), the small single copy
(SSC) and two IR regions. The whole genome size ranged between 159,945 bp (G. laxum,; Dy), 159,973 bp (G. turneri; Dio)
and 160,122 bp (G. shwendimanii; D1). The assignment of the potential genes identified 140 genes for each genome, including
113 functional gene (79 of protein coding genes, 30 tRNA and 4 rRNA), 2 ORFs, 4 pseudogenes and 21 repeated genes. Four
genes viz. inf4, ycf68, ORF42 and ORF56, in addition to earlier mentioned genes, were been confirmed to be existed in studied
genomes. SSRs totally varied from 62 to 64, and the average rate was 0.36 SSRs/kb between the three genomes. This study
revealed that wide ranges of expansions and contractions of IR are very common evolutionary events among 14 Gossypium
species, which compared in our research. The phylogenetic analyses based on 50 protein-coding genes for 41 angiosperms and
four gymnosperm out groups (Cycas, Ginkgo, Pinus and Gnetum) performed. Our phylogeny tree continued strongly support
that Theobroma cacao as the closest species to Gossypium inside eudicots.
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Cotton is the first and the main fibrous plant that plays an important role in the creation of careers for individuals and
development of textile industries in all over the world. Selection of a suitable cultivar for the West Azerbaijan region is
important since West Azerbaijan is the origin of cotton in Iran. This research conducted in order to evaluate of quantitative and
qualitative traits of hopeful cotton cultivars under cold weather conditions in Urmia region. In this study eight cultivars
evaluated with Varamin and Sahel as check cultivars in form of randomized complete block design (RCBD) with four
replications in 2014 and 2015 (two cropping seasons) at Saatluo station of West Azerbaijan Agricultural and natural resources
research and education center. Results showed that K8802 cultivar is earlier cultivar, one of the best cultivars according to
traits such as the number of bolls per plant, sympodia per plant, total yield, seed cotton yield (yield of per plant) and qualitative
traits. According to combination analysis results, the interaction effect between treatment and year (treatment*year) for seed
cotton yield, yield and the number of bolls per plant at probability level (a=0.01) were significant. In analysis of stepwise
multiple liner regression, three variables, the number of bolls per plant, boll weight and plant height entered in the model. Path
analysis showed that direct effect of the number of bolls per plant with yield, indirect effect of the number of bolls per plant
and boll weight with yield are the most in among all effects, as well as principal components analysis for two main
components with the high value for variables showed that there is the number of bolls per plant in both components and this
trait is one of the main traits in cotton and relevant studies to cotton, therefor the cotton breeders must work on the number of
bolls per plant trait. Due to the results of this study in two years, K8802 cultivar for cultivation in Urmia weather conditions
suggested.
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Chloroplast research have significant advantage of genomics and genome sequencing, and a new picture is emerging of how
the chloroplast functions and communicates with other cellular compartments. Grape (Vitis vinifera) is a genus of trees in the
family Vitaceae. Vitis vinifera species belongs to Eurasian grapes. The chloroplast genome is the most comprehensive genome
in plants and has many features for evolution analyses due to the unique molecular structure and single-parent inheritance.
Sequence and gene annotation was mainly performed by DOGMA. Map of chloroplast genome structure and gene distribution
was carried out using OGDRAW V1.1. Relative synonymous codon usage (RSCU) of different codons in each gene sample
was calculated by codonW in Mobyle. An online version of REPuter was used to specify the repeat sequence and location. this
research was targeted to study and compare the complete chloroplast genome sequences of Saperavi and Meskhuri mtsvane
from caucasia subspecies with common grape (Vitis vinifera) and as well genome structure analysis, gene content, organization
and repetitive sequences, codon usage and comparison among genomes. The chloroplast (cp) genome of Vitis vinifera is a
circular DNA molecule of 160928 base pair (bp) which is longer than chloroplast genome of Saperavi and Meskhuri Mtsvane
cultivars. Large and small unique regions are separated by two inverted repeat regions a, b. In all of three genomes, whole
genome contains 131 genes which include 79 protein coding genes, 4 rRNA genes and 30 tRNA genes. In other words, there
are totally 113 single-copy genes and 18 double-copy genes located in inverted repeat region (IR) in the three studied genomes.
The SSRs of the chloroplast genomes were identified and the results indicated that the chloroplast genomes of Vitis vinifera
and Saperavi both have 74 and Meskhuri mtsvane has 73 SSRs. The cpSSRs are important and useful for genetic diversity
studies. Low GC content is a significant feature of plastid genomes, which is possibly formed after endosymbiosis by DNA
replication and repair.
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In recent years, the study of the complex problem of the relationships between plants and the population of rhizosphere attracts
much attention. Studying the contribution of synthesis and degradation to an increase in protein content in plants under the
action of salicylic acid - one of the key factors of phytoimmunity we obtained data concerning this problem. Cycloheximide -
an inhibitor of protein synthesis by cytoplasmic 80S ribosomes was used to solve this problem. It was found that in pea roots,
cycloheximide inhibited the synthesis of salicylate-inducible proteins absent in the control. The content of a number of
salicylate-independent proteins, mainly involved in protein metabolism also decreased. Surprisingly, the content of more than
30 proteins mainly enzymes, catalyzing the synthesis of antipathogenic phenolic and terpenoid compounds increased under the
action cycloheximide. It was concluded that pea roots perceive

cycloheximide as a signal of the pathogens attack. None of the phytoimmunity inducers studied by us caused an increase in the
synthesis of such a unique large number of "phenolic" enzymes. It should be borne in mind that streptomycete Streptomyces
griseus is the producer of cycloheximide. Among more than 500 species of streptomycetes inhabiting the soil, there are
saprophytes, phytosymbionts and phytopathogens. A distinctive feature of streptomycetes is the formation of antibiotics,
intended to suppress the competitors in the rhizosphere mainly phytopathogenic fungi. We have found that cycloheximide
causes not only the induction of enzymes of phenylpropanoid metabolism, but also increases the content and appearance of
new types of soluble phenolic compounds. Confocal microscopy revealed that they accumulated in pea roots cortex, while
polymeric lignin - in xylem cells. Cycloheximide behaving in the root cells as a two-faced Janus - stimulated the synthesis of
proteins in endoderm and xylem cells, but inhibited - in parenchyma cells.It is believed that the activation of phenolic
metabolism occurs not only due to an increase in the content of "phenolic" enzymes, but is defined by the formation of
heteroenzyme complexes — metabolons. It is known that exudation of phenolic compounds from the roots to the rhizosphere
can occur. It causes the change in the structure of the rhizosphere community to a much greater extent than that by other
compounds released by the roots.The complexity of the relationship between streptomycetes and the microbial population of
the rhizosphere can be judged by the following example. Streptomycetes can inhibit the development of soil fungi by two
ways: directly - with the help of chitinases, endoglucanases and antibiotics; and indirectly - with help of phenolic compounds
of plants, induced in our case by cycloheximide.
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We studied the photomorphogenesis of calluses of various wheat species obtained from immature and mature embryos and
cultivated both under optimal conditions and under conditions of edaphic stresses (salinity — NaCl, 0.63% and drought -
polyethylene glycol, 16% w/v). PA of calluses was recorded at the day of their passaging to the stress proliferation medium and
then on third, seventh and fifteenth day of cultivation. The data recorded at PPFD of 20 umol/m2s were involved into analysis
of Y(II), Y(NO) and Y(NPQ) parameters. When visualizing the maximum quantum yield of photosynthesis of photosynthetic
system II (PSII) calluses obtained from immature embryos, the active formation of chlorophyll-containing areas (CCA) was
noted on the optimal background. The two-peak shape of callus PA dynamic curves of these two species was similar to those
described in other work conducted with spring wheat, as shown Stupko and Zobova earlier. Probably the second peak is
associated with increase of PA of existing CCA. In the process of photomorphogenesis, species-specific differences were
revealed. The maximum frequency of callusogenesis was observed in hexaploid forms, the minimum frequency in diploid
species of T. monococcum. The calluses of tetraploid species of T. dicoccum, T. polonicum, T. aethiopicum, and hexaploid T.
aestivum in control conditions were significantly superior to other species in the growth of raw biomass. The process of
histogenesis was accompanied by the mass formation of trachea-like structures, which are ringed or spiral formations that grow
green in the light. Chloroplasts in zones of somatic embryogenesis were similar to chloroplasts of leaf mesophyll cells. But in
contrast to intact plants, in which chloroplasts cells are usually located near the wall in the calluses the arrangement of
chloroplasts was predominantly chaotic. The stressful action led to the processes of degeneration of the photomorphogenic
tissues and the destruction of CCA and trachea-like structures, primarily in the calluses of less stable species. The most active
processes of photomorphogenesis under stress conditions are found in calluses which have a relatively small increase in the
biomass of cell colonies. This is confirmed by reveals the negative correlations between Y(II) and Y(NO) and callus weight (r
=-0.5*%, r =-0.7**) and between the same parameters of quantum yield and relative callus weight growth (stress / control %) (r
=-0.9%** g r = -1***) under drought conditions. The salt stressed calluses often characterized by high weight due to high level
of risogenesis. Relations between Y(II) and Y(NO) and relative callus weight growth (stress / control %) are described by
coefficients of r = 0.6* u r = 0.9%** respectively.

A large percentage of regenerating plants under drought conditions in vifro was noted in species 1. dicoccum (67%) and T.
aestivum (50%), under salt stress conditions — in species 7. compactum (80%), T. polonicum (65%), T. dicoccum (50%), T.
macha (50%), T. aestivum (50%).

For the purpose of optimization of photosynthetic callus culture development, the attempt of PA analysis of callus culture,
developed from mature embryos. Data on PA of calluses, developed from mature embryos, had wide scatter. The dynamic of
PA of other species refers their culture to old ones. The effectiveness of their photosynthetic reaction decrease with time on all
media including optimal background. Also Y(NO) of these calluses increased in that course. So we couldn't distinguish the
influence of stress on the culture. Such data recorded on optimal media can be the evidence of no CCA active grows.
Therefore, for the purpose of photosynthetic active callus culture of described wheat species production the immature embryos
are more suitable then mature ones.
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Lecanicillium species (former complex species Verticillium lecanii Zimm.Viegas) are a group of fungi which may exhibit
pathogenic properties both to insects and to other fungi. Some species of Lecanicillium genus has been developed as biocontrol
agents for control of soaking pests. To enhance fungal efficacy against pests by transferring endogenous or exogenous
pathogenic genes, the various transformation systems have been developed for a large number of flamentous fungi, but the
systems of transformation for Lecanicillium spp. are still not numerous. Here we have adopted a simply method of germinated
conidia electroporation, which was previously developed for other entomopathogenic fungus Beauveria bassiana, and
demonstrated efficiency of this technique for Lecanicillium muscarium.

Electroporation of L. muscarium V172 strain by pBARGPE1 vector harboring eGFP gene followed by selection of
phosphinothricin-resistant transgenic conidia demonstrated relatively high level of expression of fluorescent protein,
comparable to that observed in B. bassiana strain Bbl3 transformed with the same plasmid, without any influence on its
growth and virulence. Analysis of GFP-expressing isolates by fluorescent microscopy and immunoblotting showed that
Aspergillus nidulans PgpdA promoter and trpC terminator in pPBARGPE1 vector provide effective synthesis of heterologous
proteins in L. muscarium cells comparable to that observed in B. bassiana. During GFP accumulation, we did not detect any
influence of the foreign protein on growth rate, conidia production and virulence of L. muscarium. This result allows to plan
new experiments to study the relationship between insects and entomopathogenic fungi using their fluorescently labeled
isolates. We acknowledge financial support from the Russian Foundation of Basic Research (RFBR grant 17-34-50141
mol _nr).
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Obtaining minitubers from mericlones is an important stage in the healthy and disease-free seed potato production. Increasing
the efficiency of this stage is achieved through the use of innovative technologies, including aeroponic cultivation of plants.
Using this approach, it has become possible to regulate as the chemical composition of the nutrient solution, as and the
controlled bacterization of sterile plants.

The purpose of this work was to study the effect of Azospirillum brasilense Sp245 bacteria on the morphometric parameters of
the plant growth and the minituber production of potato in an aeroponic system.

Potato microplants of Nevsky and Kondor cultivars were planted into the aeroponic system. After 3 weeks, a bacterial
suspension of Azospirillum brasilense Sp245 was introduced on the nutrient solution, so that the concentration of bacteria in
the solution 108 cells / ml. Control was provided to plants that grown without bacterial inoculation. Results of enzyme-linked
immunosorbent assay for bacterial detection showed that during 3 days the number of bacterial cells is preserved in solution,
but by 7 days — it decreases more than 2 times, and after 7 days it drops pet up to practically undetectable level. At the same
time, morphometric analysis of plants in 3 weeks (the active growth phase of shoots) and 6 weeks later (in the beginning of
tuber laying on reaching the maximum vegetative mass) showed that inoculation of plant roots with Azospirillum brasilense
Sp245 had a significant effect on the growth of shoots. According to the shoot height, the superiority of experimental plants
was observed by 15.5% on average in two cultivars. The analysis of the productivity of plants also established the advantage of
experimental plants over the control (by the number of tubers by almost 1.5-fold, by weight of tubers from one plant by 1.3-
fold, and by a total yield of tubers from 1 m2 by 28%).

The size of the starch granules and the starch content of mini tubers can serve as an important indicator, on the one hand, of the
efficiency of photosynthesis in the process of producing mini tubers, and, on the other hand, the quality of the obtained seed
material. The maximum size of starch granules was noted in experimental plants of the Kondor cultivar, and minimal in the
control plants of the Nevsky cultivar. In general, starch granules were larger in experimental plants by 12%. The starch content
of the mini tubers depended on both the cultivar and the way they were obtained. Bacterization of plants significantly increased
the starch content in tubers of both cultivars by 1.5-fold.

Thus, as a results of the studies, it has been found that the inoculation of potato microplants by Azospirillum brasilense Sp245
bacteria under aeroponic conditions promoted the growth of shoot biomass and potato productivity, and also positively
influences the process of starch precipitation in tuber. The obtained data can be used to improve the agrobiotechnology of
healthy potato planting stock production.
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Industrialization has led to an increase in toxic contaminants (heavy metals, pesticides and chemical fertilizers) and hence its
subsequent release into the environment. Heavy metal (loids) are non-biodegradable contaminant, remain persistent for a long
period of time in soil and exert serious effect on its living biota. Chromium (Cr) is one of the most toxic elements when present
in higher concentration, causes significantly harmful effects on fertility of surrounding soil, vegetation status, rhizospheric and
endophytic microbial communities, as well as several health risk issues such as cancer. Plant growth promoting microbes play
a vital role in reduction of toxic metals from soil by associating either in the rhizosphere or/and phylosphere of the plant hence
improved metal uptake and plant growth. Therefore, it is important to understand and decipher the beneficial microbial
community of heavy metal stressed soils to get rid of this problem.

Present study investigates the presence of beneficial bacterial population in the rhizospheric regions of plants growing in
vicinity of Cr mine, near the town Verkhnyaya Pyshma, Russia. Brushed out rhizospheric soil from the roots of Red clover
(Trifolium pratense) and White sweet clover (Mililotus albus) was collected in triplicates. Cr resistant bacterial strains were
isolated by serial dilution technique by spreading over Luria Bertani (LB) agar medium amended with 100 mg Cr Kg™', and
growth were observed after 24 h of incubation at 28 + 2°C. Colonies showing different morphological features were selected
and further purified by streak plate method and pure cultures were kept at 4°C for further experiments.

Cr sensitivity of the isolates at different concentrations (200, 400, 600, 800 and 1000 mg kg™') was analyzed by minimum
inhibitory concentration test. The isolates were further identified and screened for plant growth promoting activities i.e. tri-
calcium phosphate solubilization (PS) by vanadomolybdate method at 420 nm and indole-3-acetic acid (IAA) using L-
tryptophan (200 mg L") as a precursor at 530 nm in microtiter plate in presence of 0, 100 and 200 mg Kg™' of Cr with varying
time interval (24 h and 120 h).

A total of 5x10° and 3x10° colony forming units per gram of rhizospheric soil were found, out of which 12 and 11
morphologically different isolates were selected from Red clover and White sweet-clover, respectively. A total of 6 and 4
isolates showed a maximum tolerance of 1000 mg Cr kg™ on LB agar plates were selected for quantitative analysis of IAA and
PS in the presence of varying Cr concentrations (0, 100 and 200 mg Kg™). With increase in time (24 to 120 h), PS has
increased significantly whereas, IAA was reduced for most of the studied isolates at all the three Cr concentrations. At 120 h,
significantly high phosphate solubilization (52 and 56 mg L") and IAA production (15 and 3 mg L") was observed at 100 mg
Cr Kg'! (for strains 25b and 26b, respectively). The strains 25b and 26b were identified as Bacillus sp. and Pseudomonas sp.
using Bergey’s manual, respectively. The results showed that both the plants pose significant high Cr tolerant rhizobacteria
which are capable to show high plant growth promoting (IAA and PS) attributes must needed for improving the nutrient
content of soil and thus luxuriant plant growth. Cr tolerant plant based experiments are required to further check the efficiency
of these isolates in clean-up of Cr contaminated soils.

The work was supported by the Ministry of Education and Science of the Russian Federation (agreement No 02.A03.21.0006).
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Orchidaceae Juss. is one of the largest and intriguing plant families. Many wild orchid populations are vulnerable and
threatened, but the conservation of orchids is a challenging process due to their biotic relations and the tiniest by size (0.05-6
mm) or weight (0.31-24 pg) seeds. Orchids form strong mycorrhizal associations, but their interactions with bacteria are still
poorly understood. In order to select the plant growth promoting rhizobacteria (PGPR) for orchid seed germination and to
determine if there is any species-specific relations between the host-plant and orchid-associated bacteria (OAB), we studied
two species, Dendrobium moschatum and D. nobile.

Among the isolated and identified OAB, colonizing the substrate and aerial roots of D. moschatum, several active
producers of auxin (indole-3-acetic acid, IAA), were selected. To study the bacterial plant growth-promoting capacity, and to
demonstrate the possibility of the application of OAB isolated from one orchid (D. moschatum) to promote germination of
another one (D. nobile), we tested Mycobacterium, Rhizobium and Bacillus, isolated previously, and newly isolated
Azospirillum, Streptomyces, Sphingomonas and Agrococcus strains by using Murashige and Skoog (MS) medium with no
addition of any exogenous plant growth stimulators, but supplemented with L-tryptophan (Trp) for favoring bacterial IAA
production.

Surprisingly, Rhizobium, Azospirillum and Streptomyces provoked obvious negative effect on the seed germination;
Streptomyces suppressed it, and the abundant extracellular mucus, produced by Azospirillum and Rhizobium on the
carbohydrate-rich MS medium, completely covered and drowned the seeds. The prominent positive influence was observed
with Sphingomonas, Agrococcus, Mycobacterium and Bacillus cultures. The seed bacterization of D. noblie with OAB isolated
from another host-orchid revealed that the tested orchids did not express any specificity in relations with favorable bacteria.
Isolated from D. moschatum, they successfully promoted seed germination of D. nobile. However, the minute size of orchid
seeds as well as the necessity of using carbohydrate-rich media, appear to narrow the application of the PGPR, particularly
those producing abundant extracellular polysaccharides.

We showed that OAB actively colonized the rhizoids of the germinating seeds, followed by populating the roots of the
plantlets. The extracellular matrix helps the bacterial cells to stick on the plant surface and to form microcolonies. The
endophytic localization of Sphingomonas and Agrococcus was also confirmed by SEM and TEM. By using gfp-tagged
Pseudomonas fluorescens and Klebsiella oxytoca, we studied the strategies of bacterial colonization on the roots, seeds and
seedlings of D. nobile. These endophytic PGPR, initially isolated from the crop plants, also rapidly colonized velamen and
core parenchyma of the roots of the adult plant. However, at the early stages of seed development, they stayed restricted to the
surface and the outer layers of the protocorms. Bacterization of D. nobile seeds resulted in the significant promotion of their in
vitro germination. The plants showed no species-specificity to the tested strains.

We provide new evidence regarding the orchid-bacterial interactions. The inoculation of D. moschatum and D. nobile
seeds with diverse selected IAA-producing bacteria significantly promoted in vitro orchid seed germination (number of the
germinated seeds, the length of the plantlets) thus, highlighting the successful application of OAB and PGPR strains in
biotechnology and conservation of the endangered and cultivated orchids.
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Orchidaceae comprises over 27000 species and thousands of hybrids, and constitutes one of the most diverse families, where
most of species possess medicinal and ornamental properties. The orchids are among the most evolutionarily and ecologically
significant plants, colonizing almost every habitat on earth, although epiphytes are most widespread and impressive. They are
essential for the ecosystems, though currently considered more vulnerable to climate change and anthropogenic disturbance.
They are extreme specialized in their strong biotic interactions, pollination strategy and symbiotic seed germination, which
makes the orchid propagation and conservation quite challenging both in natural and artificial environments. Orchids form
mycorrhizae, but no less important in the host-plant successful growth and adaptation might be performed by orchid-associated
bacteria, both epiphytic and endophytic. Our previous studies were the first to describe the localization, diversity and the
functional role of phototrophic and heterotrophic orchid-associated bacteria, colonizing wild-grown and greenhouse orchids.
Velamen (a structure, typical only for orchid aerial roots) is a comfortable econiche for bacteria and diazotrophic cyanobacteria
(Anabaena, Nostoc, Scytonema, Calothrix). Among cultivable heterotrophic bacteria isolated from diverse orchids (Calanthe,
Dendrobium, Acampe, Pholidota, Paphiopedilum), the most typical were Arthrobacter, Bacillus, Caulobacter,
Flavobacterium, Microbacterium, Mycobacterium, Paenibacillus, Pseudonomas, Rhizobium, Sphingomonas. Within one tested
orchid (D. moschatum), the bacterial diversity varied: the substrate roots (SR) were colonized by Acinetobacter, Azospirillum,
Bacillus, Caulobacter, Enterobacter, Jeongeupia, Mitsuaria, Mycobacterium, Paenibacillus, Pedobacter, Pseudomonas,
Rhizobium,  Streptomyces, Variovorax, =~ Xemnophilus, =~ whereas the strains of  Aeromicrobium,  Bacillus,
Brevundimonas, Caulobacter, Enterobacter, Flavobacterium, Methylobacterium, Microbacterium, Nocardia, Paenibacillus,
Pseudomonas, Rhodococcus, Roseomonas, Sphingomonas and Xanthomonas were isolated from the aerial roots (AR). Among
the endophytes, Caulobacter, Paenibacillus, Pseudomonas and Rhizobium were isolated from SR, and Agrococcus,
Brevundimonas, Caulobacter, Microbacterium, Paenibacillus, Pseudomonas and Sphingomonas — from AR.

For better understanding of the bacterial community structure in the rhizoplane of D. moschatum, culture-independent
techniques were carried out. Among the dominating endophitic bacterial populations, DGGE (denaturating gradient gel
electrophoresis) analysis revealed the presence of Bacillus, Flavobacterium, Herbaspirillum, Methylibium, Methylobacterium,
Phaeospirillum, and Ralstonia, as well as not identified earlier Erythrobacter, Dokdonella, Telluria and Dyella species.
Methagenomic analysis by Illumina high-throughput sequencing showed the prevalence of Microbacterium, Bacillus,
Sphingomonas, Chryseobacterium, Paenibacillus and Aeromonas in the AR rhizoplane, and the dominance of the
Pseudomonas, Aeromonas, Rhizobium, Phaeospirillum, Flavobacterium, Pantoea, Agrobacterium, Paenibacillus, and
Acinetobacter strains in the SR rhizoplane. Our results also indicate an active microbial colonization of the Dendrobium leaves
with the bacterial diversity similar to that of its aerial roots, including a number of species of Microbacterium, Sphingomonas
and Paenibacillus.

The bacterial communities vary within one tested plant, depending on the econiche and localization (epiphytic vs endophytic
bacteria). Among the identified bacteria, PGPR strains have been isolated. The better understanding of the bacterial diversity
and their role provides new features in orchid biotechnology, both for the in vitro seed germination approaches, and for the
formation of the orchid-bacterial consortium that enables a better adaptation of the plants during replanting and reintroduction
1n nature.
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Contemporary biotechnological applications of Se are undoubtedly broad. Elemental selenium and chemically synthesized Se-
conjugates are known to possess antimicrobial properties. However, more ecologically safe and beneficial approaches to
manufacture the Se-based antibacterial agents are current challenge. In this relation, of especial interest are the selenium-
enriched preparations of higher-fungal origin owing to their availability, biocompatibility, and proved biological activity.

The novel aspects concerned with the essential nutrient and antioxidant Se properties discovered in the 2nd half of XX century
and more recently, have changed the views on selenocompounds. Different chemical forms of selenium possess excellent
biochemical properties and have been implicated for use in biotechnology.

Wood-decaying higher fungi attract attention as the possible participants of the plant wastes biodestruction processes, as well
as the producers of unique complex of biologically active substances. The approach developed in our works recently would
allow the bioproduction of submicrostructured elemental selenium-based composites using the edible mushrooms cultures to
be put into practice.

We demonstrated the occurrence of bacteriostatic and bactericidal effects of the agents under study, and the results favor the
supposition on advisability of further research into the selenium bionanocomposites as the agents for agricultural recovery
from the bacterial pathogens.

The importance and possibilities for increasing the Se pool of mushroom culture at submerged cultivation, a fate of
organoselenium xenobiotics in macrobasidiomycetes for elaborating upon the "green" techniques of submicrostructured Se-
containing biomaterials production and evaluating their antimicrobial potentialities are discussed. The favorable profile of
newly synthesized organoselenium compounds including those explored in our research warrants their recognition as a
promising option for fortification purposes. Further thorough investigation should be focused on the mechanism of Se-
containing compounds' toxicity to take that into account when using the various Se sources in biotechnological fields,
including the production of ecologically safe antibacterial agents.

Further thorough investigation should be focused on the mechanism of Se-containing compounds' toxicity to take that into
account when using the various Se sources in biotechnological fields, including the production of ecologically safe
antibacterial agents.

As for the future perspectives of research in this area the following should be noted. Mushrooms are recognized to be
promising ecologically pure raw material for developing the medicinal preparations for care and prophylaxis with wide
spectrum of action. Contemporary biomedical applications of selenium are undoubtedly broad. In this relation, of especial
interest are the selenium-enriched preparations of higher-fungal origin owing to their availability, biocompatibility, and the
proved biological activity.

The development of elemental selenium should be based on natural edible and medicinal products, e.g., mushroom isolates,
and considered to be appropriate "green" method. As being originated from the biotransformed organoselenium compound, the
selenium submicroparticles incorporated in or separated from the submerged mycelium possess the benefit of their non-toxic
source and provide the potential multipurpose use. The approach developed in perspective research should allow the
bioproduction of submicrostructured elemental selenium using the edible mushrooms cultures to be put into practice.
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Herbaspirillum spp. is an endophytic diazotroph found in roots, stems and leaves of wide range plants such as maize,
sugarcane, sorghum, rice, and wheat. H. seropedicae may stimulate plant growth by supplying fixed nitrogen to the plant,
producing and secreting phytohormones or protecting the host against pathogenic microorganisms. Herbaspirillum seropedicae
is a useful model to study such group of bacteria, since this organism is easily cultivated, has its genome sequenced and genetic
manipulation techniques were developed.

A number of symbiotic bacteria with antagonistic activity toward phytopathogens can also cause opportunistic infections in
humans. Many soil bacteria and also Herbaspirillum can engage in bivalent interactions with plant and human hosts. Although
the ability of Herbaspirillum to colonize human body is now proven, the role of these bacteria in the pathogenesis of the
diseases referred to above remains unclear.

It is of great importance that Herbaspirillum is actively used as an effective component of complex biofertilizers recommended
for valuable agricultural crops. This enriches the environment with various biologically active molecules, the effect of which
on humans and animals has not yet been investigated. It is well known that realization of toxigenic effects and triggering of
inflammatory reactions during infections caused by Gram-negative bacteria are preferentially evoked by bacterial
lipopolysaccharides (LPSs). O antigens are biologically active molecules that play an important role in serotyping of some
bacterial species, contain receptors to many bacteriophages, and appear to be the endotoxins of Gram-negative
microorganisms. Since bacteria from this genus have been claimed to be potential opportunistic pathogens, the study of the
toxicity of their LPSs and their influence on the nonspecific resistance factors of humans and animals would become necessary,
and the results would also help to assess the potential risk for the use of these bacteria for biotechnological applications.
Understanding the mechanisms responsible for the realization of interactions between bacteria and macroorganisms is
impossible without data on the chemical structure and composition of the biopolymers involved in these processes.
Furthermore, detailed knowledge of the structural peculiarities of the LPSs is of great importance for the investigation of the
global functions of these molecules as virulence factors during the infection of eukaryotic cells by Gram-negative bacteria. In
this work, we studied the structure, antigenic composition, toxicity, and biological activity of LPS H. seropedicae Z778 and we
analyzed its structural-functional properties.

Lipopolysaccharide was isolated by phenol extraction from the surface membrane. The lipopolysaccharide's lipid A contained
3-hydroxydecanoic, 3-hydroxydodecanoic, dodecanoic, tetradecanoic, and hexadecanoic acids. The 3-hydroxydodecanoic acid
was amide linked to the sugar backbone of the lipid A. The structure of the O polysaccharide from H. seropedicae Z78 was
established for the first time. It is characterized by heterogeneity and by the presence of glycerol, a component rarely found in
Gram-negative bacteria. The O polysaccharide of H. seropedicae Z78 was found to consist of two types of repeating units: one
represented by glycerol-1-phosphate and the other by the glycerol-1-phosphate of the backbone, which is substituted at the 2-
position by N-acetyl-D-glucosamine. The lipopolysaccharide of the H. seropedicae Z78 was weakly toxic to warm-blooded
animals and moderately and dose-dependently induced interleukin synthesis by human whole blood cells and NO synthesis by
mouse splenocytes. This may indicate that the H. seropedicae lipopolysaccharide is a promising antagonist of classical
endotoxins.
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Saprotrophic fungi of different ecological groups are active soil builders that can degrade various organic and inorganic
substrates, secreting hydrolytic enzymes and organic acids into their surroundings. The effective enzymatic systems allow them
to degrade complex nonprotein polymers and transform heavy metal ions and other trace elements into less toxic forms. This
ability of saprotrophic fungi can be used to recover ions metals and metalloids to the elemental state with nanoparticle
formation. Recently, the use of living organisms for the environmentally- and human-friendly “green” synthesis of
nanoparticles has gained increased popularity. Edible saprotrophic basidiomycetes are promising for the biotechnological
preparation of nanoparticles, because they are grown in pure culture, are not toxic or pathogenic, and produce a broad range of
active protein molecules.

We showed the ability of humus basidiomycetes (Agaricus bisporus, A. arvensis) and xylotrophic basidiomycetes (Lentinus
edodes, Pleurotus ostreatus, Ganoderma lucidum, Grifola frondosa) to recover gold, silver, and selenium, to the elemental
state with nanoparticle formation. We examined the effect of these metals and metalloids compounds on the growth and
accumulation of biomass; the optimal cultivation conditions and concentrations of the ion-containing compounds used for
nanoparticle recovery have been identified. Extra- and intracellular extracts from the basidial fungi reduced HAuCl4, AgNOs,
and Na,SeO;, to nanoparticles of Au,, Ago, and Sey/SeO,, and also formed nanoparticles from Na,SiOs. The shape, size, and
aggregation of the particles depended both on the fungal species and on the extract type. Transmission electron microscopy,
dynamic light scattering, X-ray fluorescence, and X-ray phase analysis were used to find the degrees of oxidation of the
bioreduced elements, the {-potential of colloidal solutions, and the size, shape, and location of the nanoparticles in the culture
fluid, of on the surface of, and inside the hyphae. The reduction of HAuCl, with extracellular extracts yielded sufficiently
homogeneous, mostly spherical particles of 2 to 30 nm diameter. The Au particles produced with intracellular extracts were
sevenfold larger than those obtained with extracellular extracts; some particles of hexagonal, tetragonal, and triangular shape
were even larger. The reverse was observed with the bioreduction of AgNO3. With extracellular extracts, large and irregularly
shaped particles formed that were stuck together in aggregates. With mycelial extracts, very small and homogeneous particles
formed that had diameters of 1 to 5 nm. The {-potentials of colloidal Au and Ag ranged from —15 to —27 mV with different
fungi, this indicated that solutions were electrostatically stabilized and were not prone to coagulation or flocculation. The Se
and Si particles formed by the fungal extracts had a more or less regular spherical shape; the particle diameter ranged from 50
to 500 nm. We showed by TEM and by SAED analysis that the Au and Ag particles were of crystalline structure, as indicated
by their ring diffraction patterns. The Se and Si particles had a noncrystalline nature, in addition, nanoparticles formed from
Na,SiO; were of crystalline structure. The study found the part played by chromatographically pure, homogeneous fungal
phenol-oxidizing enzymes (laccases, tyrosinases, and Mn-peroxidases) in the recovery mechanism with the formation of
electrostatically stabilized of metals colloidal solutions. The cytotoxicity of the formed Au0 nanoparticles was negligible in a
broad concentration range (1 to 100 pg/mL), while the Ag, nanoparticles were nontoxic only from 1 to 10 pg/mL.

Biological synthesis of nanoparticles with the aid of cultivated xylotrophic and soil basidiomycetes holds much promise
because it is simple, accessible, and environmentally benign and because it yields nanoparticles of required chemical makeup,
shape, and size.
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Yakubovskaya A.I., Gritchin M. V.
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Rhizospheric bacteria play an important role in activation the resistance to biotic and abiotic factors in plants due to the ability
to convert mineral and organic compounds into a form available to plants, synthesize biologically active substances, and
change physical and chemical properties of the soil. Taxonomically, these bacteria are extremely diverse (genus Bacillus,
Psedomonas, Azospirillum) and, as a rule, are determined by the quantitative and qualitative composition of root secretions,
depending on the species, age and growing conditions of the plant. Bacteria of the genus Bacillus are of great scientific and
practical interest as they are widespread, multifunctional, and the stability of their spores to the chemical and physical factors
of the environment makes them promising bioagents of microbial preparations.

The aim of the research was to isolate strains of bacteria of the genus Bacillus, associative with rice plants, and study their
biotechnological properties.

The search and isolation of bacterial strains were carried out in the apical part of the root using a methodological system
approach. Thirteen morphotypes of bacteria were isolated from the microbial soil cenosis formed in rice monoculture. Four
types of colonies dominated, the number of which was more than 10% of the total number of counted bacteria, and the
frequency of occurrence did not exceed 3.6%. Morphological features of the isolated strains are the following: colonies of
rhizoid or round form 3-5 mm in diameter, matte, flat, cream colored, with a rough (folded) surface. From the obtained
isolates, strains of aerobic spore-forming bacteria Bacillus sp. Ne 71, 710, 92, 10 were isolated. Their generic assignment was
confirmed by studies of morphological and cultural-biochemical properties.

One of the important mechanisms of the positive influence of associative rhizobacteria on the vital activity of plants is the
improvement of nitrogen nutrition due to the ability of bacteria to fix nitrogen from the atmosphere. In the isolated strains of
the genus Bacillus, acetylene reduction showed a high nitrogenase activity, which ranged from 326.6 to 509.9 C,HsnM/ml/hr.
Screening showed that the most active nitrogen fixers are Bacillus sp.710 and Bacillus sp. 92.

Another important mechanism of interaction of plant-associating bacteria is the synthesis of substances that stimulate growth
(auxins, cytokinins, gibberellins). Biotest on wheat seeds showed positive effect of seed bacterization with new strains of
Bacillus. Stimulation of coleoptile growth during seed treatment with a suspension of Bacillus sp. 10 was 11%, which may
indicate the synthesis of phytohormones of cytokinin nature. Treatment with Bacillus sp 92 promoted stimulation of root
growth by 10%. The germination of wheat seeds was increased by 30% when treated with a suspension of the strain Bacillus
sp.92.

For a comprehensive assessment of the economically useful properties of new strains of the genus Bacillus, their fungistatic
activity was studied influencing the phytopathogenic micromycetes Fusarium glumarum, F. oxysporum, F. moniliforme. Strains
Bacillus sp. 71, Bacillus sp. 710, Bacillus sp. 10 showed antifungal activity to F. glumarum. The zone of phytopathogenic
suppression was 5-7 mm.

Thus, strains of bacteria associative with rice plant were isolated and identified as Bacillus. It has been established that the
isolated strains have a set of useful properties for plants (nitrogen fixation, antagonism to phytopathogenic fungi, production of
phytohormones), which allows the formation of a stable plant-microbial system and contributes to better development of
Oryza sativa plants. As a result of screening, the most promising strain is Bacillus sp.92.
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In the launch of protective mechanisms in response to the introduction of the pathogen is important plant perception of the
signal of a pathogenic attack and its spread through the tissues of the plant. Currently, to protect plants from phytophagous
agents widely used bacteria-based products of the genus Bacillus, inhibiting the growth and development of pathogens, as well
as stimulating plant growth and resistance to adverse environmental factors. Increased resistance of plants to pathogens under
the influence of such drugs is associated with the ability of B. subtilis bacteria to production of various metabolites possessing
antiviral, antibacterial, antifungal action. Thus, bacteria-produced lipopeptides, like signaling molecules, contribute to the
development of systemic induced stability. For purposeful search and selection of B. subtilis strains with economically
valuable features knowledge about the mechanisms of formation of plant resistance under their influence is necessary.

The object of research was the plants of potato. The biological product was obtained on the basis of bacteria B. subtilis strain
47 (from the collection of the Institute of Microbiology of NAS of Belarus), which was used for spraying and watering plants.
The plant material infected by Y-virus of potato was carried out by injecting 100 pl of cell solution with the virus in the apical
part of the 20-day plants. Detection of viruses in potato tissues was carried out by the method of enzyme immunoassay. To
assess the inducing effect of the preparation on the protective potential of plants, the activity and molecular heterogeneity of
oxide reductase, the molecular basis of plant signaling systems, were measured.

The results of the study showed that the pretreatment of plants with a biological product completely protected plants from
infection with the virus. Anti-virus activity of the drug was accompanied by growth of stimulating effect and increase in the
content of dry matter in tubers. Under the influence of drug treatment increased the total activity of peroxidase in the leaves of
plants of both varieties. The increase in total enzymatic activity was due to the activation of various isozymes.

It was revealed that infection with the virus and potato plant treatment with the preparation did not affect the molecular
heterogeneity of superoxide dismutase, but had a significant effect on the activity of individual isoforms, and accordingly, on
the level of total activity of the enzyme. The greatest contribution to the increase in the total activity of superoxide dismutase
under the influence of the virus and the drug was made by isoforms with medium molecular weight.

Thus, as a result of the drug increased the activity of enzymes in the leaves of plants due to changes in the relative activity of
their isoforms. At the same time, the drug based on B. subtilis increased the activity of superoxide dismutase in the application
of both uninfected and infected plants. It is assumed that the change in the activity of individual isoforms of redox enzymes
that regulate the level of ROS in the treatment of bacterial preparations is one of the mechanisms to increase plant resistance to
viral infection.
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ANanTanMOHHBIN MOTEHIHAJ JeKTHHOB a30CIHPUJLI, CBA3AHHBIN ¢ QYHKIHOHUPOBAHUEM CHCTEMbl AHTHOKCHIAHTHOM
CHCTEMBI 3aIMThI
Anenbkuna C.A., Hukutuna B.E.
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AccornatuBHble  a3oThuKcHpyronme Oakrepun poma Azospirillum — PGPR (plant growth-promoting rhizobacteria)
MHKPOOPTaHH3MbI, CTUMYJIUPYIOIIIE POCT PACTCHHUI 3a CYET psJa MOJOKHTEIbHBIX 3(G(EKTOB Ha pacTeHus. B Hacrosiuee
BpEMsA, OIHUM U3 MNCPCHEKTUBHBIX HaHpaBHeHI/Iﬁ II0 IIOBBIIICHHUIO yCTOI\/’I‘-H/IBOCTI/I paCTCHI/Iﬁ K HeﬁCTBH}O Ppas3IMYHbIX
CTPECCOBBIX (baKTOpOB SABIIACTCA HMCIIOJIB30BAHUE DOKOJIOTHYECKHU YHCTHBIX TeXHOJ’IOFHﬁ, OCHOBAaHHBIX Ha HPUMCHCHHUU
AMU(PUTHBIX ¥ SHAOPHUTHHIX mTaMMoB Azospirillum. Hltammer A. brasilense Sp7 u Sp245 oTHOCATCS K Hanbolee H3yIeHHOMY
BUIYy a30CHHMPWDUI M OTIMYAIOTCA CTpaTerueidl IMoBeNeHWs B Iponecce (HOPMHUPOBAHHS CHUMOWOTHYECKHX OTHOLICHHIL.
Oo0pa3zoBanue a30THUKCHPYIOLIMX CHCTEM, MTOJOOHO KaK M JIFOOBIX APYTHX OMOJOTHYECKUX MEKKICTOYHBIX B3aMMOICHCTBHMA
BKJIIOYaeT (QyHKIIMOHHPOBAHHE YITICBOJACBA3BIBAIOIINX OSNKOB — JEKTHHOB. C OBEPXHOCTH OakTepuil - 4. brasilense Sp7 u A.
brasilense Sp245 GbUTH BBIICNICHBI JICKTHHBI, SBILSIFONIAECS TIMKOMPOTCHHAMH C Pa3IUYHBIMU MOJNEKY/SIPHBIMH MaccaMd U
YIJIEBOMHOM CICHU(PUIHOCTHIO. BBIIO MOKA3aHO, YTO JISKTUHBI a30CTTUPHILIT SIBISIOTCS MONMU(PYHKIHOHATBHBIMH MOJICKYJIaMH.
OKcTpeMallbHBIE TeMIIepaTypsl U 3aCOICHHUE SBISAIOTCS OMHUMHU M3 BaXKHEHIINX (aKTOPOB BHEIIHEH Cpenbl, BO3IEHCTBYIOMINX
Ha pacCTCHUs, IMMOITOMY H3YYCHUE MEXAHM3MOB aaalTallii BBICIIHX paCTeHI/Iﬁ nuMeeT 6OJ'HJIHOC HAY4YHOC U MPAKTHYCCKOE
3Ha4yeHue. [Ipy 3TOM TOKa3aHO, YTO OJHUM M3 CaMbIX paHHHX d()(PEKTOB SBIACTCS OKHCIUTEIBHBINA CTpecC, 00YCIOBICHHBIN
HAKOIUICHHEM aKTUBHBIX (opM Kuciopoma. s 3aliUTBI OT HEro B PACTEHHUSX CYLIECTBYET AHTHOKCHIAHTHAs CHCTEMA,
cocTosas u3 HEepMEHTOB - CyNEePOKCHITUCMYTa3bl, KaTana3bl, HEKOTOPHIX MEPOKCHIA3.

W3yyanu BnusHHE JEKTHHOB Azospirillum brasilense Sp7 (smmour) u Azospirillum brasilense Sp245 (sumodut) Ha
aKTUBHOCTh  (DEPMEHTOB  AHTHOKCHIAHTHOTO KOMIUIGKCA KOPHEH UYEeTHIPEXJHEBHBIX MPOPOCTKOB  IMMIICHHUIBI  TPH
KPAaTKOBPEMEHHOM (2 4) THIO-, TUIEPTEPMHYCCKOM BO3ICUCTBHH M 3acojeHHH. [loka3aHo, 4TO 00a JIeKTHHA BbI3BIBATH
YBCIIMYUCHUEC AKTUBHOCTU TMECPOKCHUIAA3bI, CYINECPOKCUIAUCMYTa3bl M YMCHBIICHUC AKTUBHOCTU Karajia3dbl IIPpH ﬂeﬁCTBHH
CTPECCOBBIX (haKTOPOB, HO BpEMEHHass M KOHLEHTPAI[MOHHAs 3aBUCHMOCTH OBUIM pPa3IM4YHbIMU. BeposTHOI mnpuunHOi
pasIH4YHON (YHKIMOHAIBHOH aKTHBHOCTH JIGKTHHOB MOXKET OBITh Pa3NUyHAas yIJIEBOAHAS CHENU(HUYHOCTB, CTPYKTYpHBIC
paznuuns OenkoB. PesynbraTel HacTosmIeH pabGOTHl CBUAETENBCTBYIOT 00 YYacTHHU JISKTUHOB a30CHHPUILT B aJalTallOHHBIX
W3MCHEHHSAX B KOPHSIX MPOPOCTKOB MIIEHHIBI, YTO CIHOCOOCTBYET HOPMAlbHOMY XOIy METabONMYeCKHX IIPOLECCOB M
o0ecIeunBaeT PEryJsilrI0 B3aUMOACHCTBHS PACTEHHHN € a30CIUPHIUIAME PH A0MOTUYECKHUX BO3ICHCTBUSAX.

Adaptation potential of Azospirillum lectins linked to the functioningof the plant antioxidant defense system
Alen’kina S.A., Nikitina V.E.
Institute of Biochemistry and Physiology of Plants and Microorganisms Russian Academy of Sciences, Saratov, Russia

Associative N2 fixers of the genus Azospirillum are plant-growth-promoting rhizo-bacteria (PGPR), which stimulate plant
growth through a range of positive effects. A promising current method to increase the resistance of plants to stress is the use of
environmentally benign technologies based on the use of epiphytic and endophytic strains of Azospirillum. A. brasilense
strains Sp7 and 245 belong to the best studied Azospirillum species and have a distinct strategy of behavior during the
establishment of symbiosis. The formation of N2-fixing systems, like that of any other intercellular biological interactions,
implicates the functioning of carbohydrate-binding proteins (lectins). We had previously isolated surface lectins from A.
brasilense Sp7 and Sp245 that were glycoproteins with differing molecular masses and carbohydrate specificities. The lectins
had been found to be polyfunctional. Extreme temperatures and saline conditions are some of the most important
environmental factors affecting plants. Therefore, study of the mechanisms governing adaptation in higher plants is of great
scientific and practical significance. One of the earliest effects is oxidative stress caused by the accumulation of reactive
oxygen species. To protect themselves from this stress, plants have developed enzymatic antioxidative systems consisting of
superoxide dismutase, catalase, and peroxidases. We examined the effect of the lectins from A. brasilense Sp7 (epiphytic
strain) and A. brasilense Sp245 on the activities of antioxidant enzymes in roots of 4-day-old seedlings of wheat under short-
term (2 h) hypothermic, hyperthermic and salt stress. Under all stresses, both lectins increased peroxidase and superoxide
dismutase activities and decreased catalase activity, but the periods of effect and the concentrations involved were different.
The differences in functional activity between the lectins could be due to the differences in carbohydrate specificity and in
structure between them. Our results indicate that the Azospirillum lectins are implicated in adaptational changes in wheat
seedling roots. This promotes the normal course of metabolism and ensures regulation of the plant-Azospirillum interaction
under abiotic stress.
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IIpoTtexTopHOe neficTBHeE MpenapaTa ryMu Ha pacTeHHs MIIEHHIBI B YCIOBHSIX COJIEBOTO cTpecca
ABanrbaeB A.M., Amnarynosa Y.P., Macnennukosa [I.P., bespykosa M.B., JIyosnoBa A.P., FOnnames P.A., Ky3Hemnos
B.A., Ilakuposa ©.M.

WHctuTyT OMOXMMHN 1 TEHETHKH — 000COOJICHHOE CTPYKTypHOE noapasnencane deneparbHoro rocyaapCcTBEHHOTO
OIO/DKETHOTO HAYYHOTO YUpEXKIeHHUS Y GHUMCKOro (eepatbHOTO NCCIeN0BaTeIECKOro eHTpa Poccuiickoii akageMun Hayk,
Yoa, Poccus

E-mail: avalbaev@yahoo.com

['yMHHOBBIE KHCIIOTHI SIBISIIOTCS OJHMM M3 B@KHBIX KOMIIOHEHTOB TI'yMyca IIOYB, C KOTOPBIMH CBSI3aHBI (DYHKLIUHU
MOJIepKaHUS KU3HEICATETLHOCTH IIOYBEHHBIX MUKPOOPTaHU3MOB, PACTCHHUH, )KUBOTHBIX, CTAOMIM3aINs CTPYKTYPHI IIOYBBI U
wionopoaus. K HacrosiimeMy BpeMEHHM HAKOMWIIOCh MHOTO CBeieHHH 00 3(Q(eKTHBHOCTH NMPUMEHEHHS I'YMUHOBBIX KUCIIOT U
MIPEnaparoB, CO3JaHHBIX HA WX OCHOBE, JUIi CTUMYJLSIIHUHM POCTA M IHOBBIMICHUS YCTOMYMBOCTH M HPOXYKTUBHOCTH Pa3HBIX
BHJIOB pacTeHHiA. B HacTosmel paboTe ncciiegoBany BIUSHAE TPEANIOCEBHON 00paboTKu ceMsH MueHuns! ( Iriticum aestivum
L.) mpenaparom I'ymu Ha ycrolumBocTh pacTeHmii k BosueicTBuio 2%-nHoro NaCl. 3aconeHne BbI3BaJO CYyIIECTBEHHOE
TOPMOXXEHHE POCTa NMPOPOCTKOB, O YEM CYAMJIH 10 MX JMHEHHBIM pasMepaM W MUTOTHYECKOMY HMHJIEKCY KIIETOK alnKaJbHOH
MepucteMbl KopHeil. [IpenoOpaboTka mpopocTKoB mpemnapaToM ['ymu cmocoOCTBOBaja 3aMETHOMY YMEHBUIEHHIO CTEIEHH
MOBPEXJAIOIEro AEUCTBHUS COJIEBOTO CTpecca Ha IOKas3aTelid MX pocTa. Bmecre ¢ TeMm, coneBod cTpecc MPUBOAMI K
CYIIECTBEHHOMY BO3PACTAaHUIO KOHIICHTPAlMM aMHUHOKHCIOTHI MPOJIMHA, MAJOHOBOTO JHANBICTHAA U YPOBHS IK300CMOCa
JJIEKTPOIUTOB M3 TKAaHEH MPOPOCTKOB, YTO YKa3bIBAeT HA HCIBITBIBAEMBIH pacTeHUsAMH cTpecc. O 3alUTHOM JEHCTBUU
npenoopadboTkn ['yMH Ha IPOPOCTKH B YCIOBHUSAX COJIEBOTO CTPECCA CBHUAETEIBCTBOBAIO CYIICCTBEHHOE YMEHBIIICHUE YPOBHS
MEPEKHCHOTO OKHCICHHUS JMIHIOB, 3K300CMOCA 3JIEKTPOJIMTOB M MPOJIMHA. TakuM 00pa3oM, IOJIydeHHBIC PE3yIbTaThl
WILTIOCTPUPYIOT SIBHBIN 3alUTHBIN 3¢ dekT npenapara ['yMu Ha pacTeHns MIIEHUIB K 3aCOJICHUIO TIPH PEIIIOCEBHOM CIIOC00e
00paboTKH.

Protective action of humi preparation on wheat plants under the action of salt stress
Avalbaev A.M., Allagulova Ch.R., Maslennikova D.R., Bezrukova M.V., Lubyanova A.R., Yuldashev R.A., Kuznetsov
V., Shakirova F.M.
Institute of Biochemistry and Genetics - Subdivision of the Ufa Federal Research Centre of the Russian Academy of
Sciences, Ufa, Russia

Humic acids are an important component of soil humus which being related to maintenance of vital activity of soil
microorganisms, plants, animals, soil water-holding capacity and stabilization of soil structure and fertility. At present a lot of
information accumulated about the effectiveness of humic acids and preparations created on their basis to stimulate growth and
improve resistance and productivity of different plant species. In the present work, we studied the effect of presowing
treatment of wheat seeds (Triticum aestivum L.) with HUMI preparation on plant resistance in response to 2% NaCl. Salinity
caused a significant growth inhibition of seedlings which was evidenced by measurement of their linear sizes and the mitotic
index of cells in the apical root meristem. Pretreatment of seedlings with HUMI preparation contributed to a marked decrease
of damaging effect of salt stress on their growth indices. At the same time, salt stress led to a significant increase in the
concentration of the amino acid proline, malonic dialdehyde and electrolyte leakage from seedling tissues which indicated that
plants experienced stress. The significant reduction of stress-induced lipid peroxidation, electrolyte leakage and proline
accumulation in HUMI-pretreated seedlings points towards the protective effect of HUMI on wheat seedlings under conditions
of salt stress. Thus, the obtained results demonstrated the protective effect of presowing treatment of wheat seeds with HUMI
preparation on wheat plants in response to salinity.
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N3ydenue pyHrunuaHbIixX cBOicTB cycnensun Boaopocau Chlorella vulgaris (Beijerinck) (Chlorophyta)
Annarysarosa P.3., Mscuna F0.b., Kyac6aesa [I.®., ['opmkosa O.B., Cyxanosa H.B., lNalicuna JI.A.
OT'BOY BO "BI'ITY um. M. Axmymnst", Yda, Poccus
E-mail: allaguvatova@yandex.ru

Crroco6HOCTH Bomopocieit poxa Chlorella x mogaBneHno pa3BUTHS MAaTOTEHHBIX MUKPOOPTaHW3MOB ObIIa JI0Ka3aHa B IIEJIOM
psine nybnukaumit. B To ke Bpems, (yHIMIMIHOSNSHCTBUE CYCHEH3UH BOIOPOCIH HCCICHOBAaHO HENOCTATOYHO M Tpedyer
JTANTbHEHIIIET0 U3Y4eHHSI.

Lenbto paboTsl ObUT aHANW3 (QYHTUIMIAHOTO BIUSIHUS CYCIICH3MU XJIOPENIbl Ha pa3ButHe rpuda Mucorsp. Ilpu npoBenenuu
9KCIIEPHIMEHTOB T'pHObI BBIpamMBany B yamkax IleTpu ¢ xaprodenbHBIM arapoM B TedeHHE 7 CYTOK. 3aTeM ITOBEPXHOCTh
YalleKk 3ajHMBald CyCIIeH3Wel XJopemisl Bo3pacToM 7-10 cyrok. Yamiku BbIpalliMBajii Ha OCBETHTENILHOH YCTaHOBKE IpH
KOMHATHOU TeMIlepaType MpH YepeoBaHUN CBETOBOW M TeMHOBOU (a3 12:12 a.IloBTOpHOCTH 3KCrIepuMeHTa Obuta paBHa 10.
[IpocmoTp wamek mpoBommuian depe3 14 m 21 cyrku. KoHTpobHBIE YalIKé 3ajiBaiiil KUIKOW MHUTATENbHOI cpemoit Bomma
(Bischoff, Bold, 1963).

VCTaHOBIICHO, YTO CYCIIEH3HMs XJIOPEIUIBl YTHETaeT pPa3BUTUE KOJOHWI Mucorsp., NMpUYeM C YBEIHYCHHEM BpPEMEHHU
BO3JICWCTBHSI HaOJIIOaeTcsl yCuieHne MHruoupyomero Bosneicteusa. Yepes 14 cyTox MHKyOMpOBaHHWS IUIOMIAAN KOJOHUH
rpuboB ymensinasnack Ha 7-20%, depe3 21 cyrku - Ha 33-100%. Kpome Toro, cycniensust Chlorella vulgaris Bnusiia n Ha
MOpGOIOTHIO KOJOHUM Mucorsp. B KOHTPONBHBIX dYaIlllKax TPUOBl MMEIH TEMHO-KOPUYHEBBIC CIOPAHTHH C OOJBIINM
Konn4ecTBoM criop. Uepe3 14 cyTok BO3JEHCTBHUS CYCHEH3UU XJIOPEJUIbl OTMEYAIOCh MMOOJIETHEHUE CIIOPAHTHEB U IMOSIBJICHHE
OecuBeTHBIX criop. Yepes 21 cyTKH BIUSIHUS CYCIICH3UH 3TH U3MEHEHHUS YCHIIUBAIIUCE.

Taxum 06pa3om, SKCIEPIMEHTHI IO U3y4deHnIo BIustHus cycnensun Chlorella vulgaris Ha pa3zButue rpuda Mucor sp. JOKa3ain
ee (yHTHIUIHOE BO3JEHCTBHE, YTO MO3BOJSIET PEKOMEH/I0BATh XJIOPEILTY Ul OoJiee MMPOKOTrO MCIIOJIB30BAHMS ITPU CO3TIAHUH
9KOJIOTHIECKH OE30MaCHBIX OHO(pYHTHIIIOB.

Study of fungicidal properties of Chlorella vulgaris (Beijerinck) (Chlorophyta) suspension
Allaguvatova R. Z., Myasina Y.B., Kunsbaeva D.F., Gorschkova O.V., Sukhanova N.V., Gaysina L.A.
FSBEI "M.Akmullah Bashkir State Pedagogical University", Ufa, Russia

The ability of algae from genus Chlorella to suppress the development of pathogenic microorganisms has been proved in a
number of publications. At the same time fungicidal action of the suspensionhas not been studied enough and requiresfurther
research.

The aim of research was analysis of fungicidal effect of the suspension of Chlorella on development of fungus Mucor sp.
Fungus were grown in Petri disheswith potato during 7 days. Then suspensionof Chlorella of age 7-10 days were added into
these dishes. Petri dishes were incubated on an illuminated shelf with 12h:12h light:dark regime. Repetition of the experiment
was 10. Growth of Mucor sp. were analyzed after 14 and 21 days. Control dishes were poured with liquid Bold’s medium.

It was found that the suspension of Chlorella inhibits the development of colonies of Mucor sp., with an intensificationthe
inhibitory effect with increasing exposure time. After 14 days of incubation, the area of the fungal colonies decreased on 7-
20%, after 21 days - 33-100%. In addition, the suspension of Chlorella vulgaris influenced the morphology of colonies of
Moucor sp. In the control dishes, the fungi had dark brown sporangia with a large number of spores. After 14 days of exposure
to the chlorella suspension, sporangia blanching and the appearance of colorless spores were noted. After 21 days of cultivation
these changes were enhanced.

Thus, experiments on the influence of Chlorella vulgaris suspension on the development of the fungus Mucor sp. proved its
fungicidal effect. It allows to recommend Chlorella for wider use for the creation of ecologically safe biofungicides.
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Bimsinne pacTHTeIBbHBIX 3KCTPAKTOB Withania somnifera L. na rpudsl poga Fusarium L.
Anpammau A.A., Kanamaukosa E.A., Kupakocsa P.H.
Poccuiickuii rocynapctBeHHsli arpapHbiii yHuBepcuteT-MCXA umenn K. A. TumupsizeBa, Mocksa
E-mail: kalash0407@mail.ru

JlekapcTBEeHHBIE pacTeHHUS IIPUMEHSIOTCS YETIOBEKOM €IIle ¢ JaBHUX BPEMEH M MMEIOT MHOTOBEKOBYIO UCTOPHIO. [IprMensroTes
OHH KaK CaMOCTOSTEJIbHBIE CPEACTBA, a TAKXKE HCIONB3YIOTCS B KayecTBE MEPBHYHOIO CHIPbs, M3 KOTOPBIX MHOJYYarOT
npenaparsl Uil pa3IMuHOro HampasieHus. [Ipupomsblii mpemapar crocoOeH BBI3BATh IOJOXKUTENBHBIH A(PQEeKT B TOM
HalpaBJIeHUH, TIJe Jpyrue OTJENbHbIE COEJIMHEHUs, TakKe BBIICICHHbIE M3 OJTOr0 JKE€ PpAcTeHMs, OKa3aJHCh
MaJ'[OB(l)(beKTI/IBHBIMI/I. 9t10 06yCHaBHI/IBaeTCH HaJIMYUEM B PACTUTEIIBHBIX OKCTPAKTAX KOMIIJICKCOB, KOTOPBIE MOT'YT COCTOATH U3
JIECATKOB U OOJiee OTAENIbHBIX XMMHUYECKUX COCAMHEHHUH, KOTOPbIE MOTYT IPOSBIATh Pa3HYI0 OHOJIOTHYECKYIO aKTHMBHOCTb.
Panee nmpoBeeHHBIE NCCIENOBAHUS Ha Kadeape TeHeTHKH, OMOTEXHOJIOTHH, ceIeKInU U ceMeHoBoncTBa PTAY-MCXA nmenn
K.A. TumupszeBa mokasand, 4to HauOonee 3(P(EKTUBHBIM PACTBOPUTENEM JUIS IOJYYEHHS PACTUTENBHBIX HKCTPAKTOB
SIBISIETCS CIIMPT, @ JJIsl BBEICHUS €TO B KyJbTYpy in vitro mumerwicyibdokeun (DMSO). Tloatomy B Hameil pabore MMEHHO
9TOT PACTBOPUTENH OBUT B3SAT 32 OCHOBY INpPU HW3YYCHHWH AHTUQYHTHUHMIHOW AKTUBHOCTH 3KCTPAKTOB, IMOJTYyYCHHBIX W3
MHUKPOPACTCHHUN U KALTYCHOM TKaHU amBarauipbl (Withania somnifera L.) in vitro. B Hareli paboTe pacTUTENILHBIC YKCTPAKTEI,
MOJTyYeHHBIE N3 MUKPOPACTeHUH alBaranibl paHee KyJbTHBUPYEMbIX Ha MHUTaTesibHOM cpene MC B coueTaHMu ¢ IpenapaTom
Hporm 0,05 Mr/n ¥ KaJUTyCHOM KyJbTYphI, OAYYCHHOW M3 JIMCTOBBIX JKCIJIAHTOB Ha MHUTaTeabHON cpene MC, comepxarieit
2,4-J1 1 mr/mn, ObulM anpoOMPOBaHBI HA YMCTOW KyIbType TpuOOB Fusarium culmorum (mramm, M -10-1) u Fusarium
sporotrichioides Sherd (mramm OP -14-1) B xornenTpamusax 30, 60, 100 mr/n. Kortponem ciryxxmia cpena 6e3 3KCTpakTa, a
TakK e 4uCThIii pactBopurens (DMSO). VccnenoBaHns moka3and, 9TO M3y4aeMble 3KCTPaKTHI OOJIAAlOT B TOW WM WHOMN
CTETICHN aHTH(YHTUIMTHON aKTHBHOCTBIO, KOTOPAs 3aBUCHT OT UCTOYHHUKA MOIyUCHHUS IKCTPAKTa, €r0 KOHIICHTPAIINH, a TAKXKe
OT HCCIIeNyeMOro IuTamMma (UTONATOreHa. YCTaHOBJICHO, YTO HCCIEAyeMble 3KCTPAKThl OKA3ajH Pa3IMYHOE TOKCHYECKOEe
neiicTBue Ha pocT Mmunenus rpuda Fusarium culmorum w Fusarium sporotrichioides Sherd. Ilpuuem 3TO ACHCTBHE SBHO
NPOSIBISIIOCH Ha Tpubax Fusarium sporotrichioides Sherd n mpakTHYeckH OTCYTCTBOBaJIO Ha rpubax Fusarium culmorum.
CrnemyeT OTMETUTh, YTO DKCTPAKTHI, MMOJyUYCHHbBIC M3 KAJUTYCHON TKaHU, 00JIafaii MEHbIIEH aHTU(YHTHIIUIHON aKTHBHOCTHIO,
[I0 CPAaBHEHMIO C IKCTPAKTaMH, IIOJYYEHHBIMU U3 PACTCHUH-pereHepaHToB. [Ipudyem naHHAs OTBETHAs peakLMsl U3y4aeMbIX
¢utonarorenoB (Fusarium sporotrichioides Sherd, Fusarium culmorum) Ha HEHCTBHE OBYX Pa3IMYHBIX IKCTPAKTOB ObLIA
OJIMHAKOBOI.

Effect of plant extracts of Withania somnifera L. on fungi of the Fusarium L.
Alrashidi A. A., Kalashnikova E. A., Kirakosyan R. N.
Russian state agrarian University-MTAA named after K. A. Timiryazev, Moscow, Russia

Medicinal plants used by man since ancient times and have a long history. They are used as an independent means, and are also
used as primary raw materials, from which drugs are obtained for various directions. The natural preparation is able to cause a
positive effect in the direction where other individual compounds, also isolated from the same plants, were ineffective. This is
due to the presence of complexes in plant extracts, which may consist of dozens or more separate chemical compounds that
may exhibit different biological activity.

Earlier studies at the Department of genetics, biotechnology, breeding and seed production of rsau-MSHA named after K. A.
Timiryazev showed that the most effective solvent for obtaining plant extracts is alcohol, and for its introduction into the
culture in vitro dimethyl sulfoxide (DMSO). Therefore, in our work, this solvent was taken as a basis in the study of antifungal
activity of extracts obtained from micrograms and callus tissue of ashwagandha (Withania somnifera L.) in vitro.

In our work plant extracts obtained from micro plants of Ashwaganda previously cultivated on nutrient MS medium in
combination with the drug, Drop 0.05 mg/l and the callus culture obtained from leaf explants on a nutrient medium MC,
containing 2,4-D 1 mg/l, was tested on a pure culture of Fusarium culmorum (strain M-10-1) and Fusarium sporotrichioides
Sherd (strain OP-14-1) at concentrations of 30, 60, 100 mg/l were used as the Control medium without extract and pure solvent
(DMSO).

Studies have shown that the studied extracts have a varying degree of antifungal activity, which depends on the source of the
extract, its concentration, as well as the studied strain of the phytopathogen. It is established that the investigated extracts had
different toxic effects on the growth of mycelium of the fungus Fusarium sporotrichioides and Fusarium culmorum Sherd.
Moreover, this effect is clearly manifested in the fungi Fusarium sporotrichioides Sherd and virtually absent in the fungi
Fusarium culmorum. It should be noted that the extracts obtained from callus tissue had less antifungal activity, compared with
extracts obtained from regenerated plants. Moreover, this response of the studied phytopathogens (Fusarium sporotrichioides
Sherd, Fusarium culmorum) the effect of two different extracts were the same.



91
HexoTropsie npodsieMbl pa3Ho00pa3usi MUKPOOHBIX co0001IecTB
Anpaponos E.E.
OT'BHY Bceepoccuiickuii Hay4HO-UCCIIEA0BATEIbCKUN HHCTUTYT CEIIbCKOXO3IUCTBEHHOM MuKpoouonoruu, Cankt-IlerepOypr,
[lymxkun, Poccus
E-mail: eeandr@gmail.com

Ha noBonmpHO mpoCTO# BOIpPOC O TOM, Kakoe M3 JABYX MHUKPOOHBIX COOOIIECTB Ooiee pasHOOOpa3HO, HET MPOCTOrO OTBETA.
AKTyaJlbHOCTh JJaHHOTO BOINpOCa CTajlla OYEBHIHOHW OCOOCHHO B DJIIOXY METarcHOMHKH, TJ€ OLEHKa pa3HooOpasusi —
TaKCOHOMUYECKOro W (PYHKIIMOHATHHOTO CTaja OHOM M3 0a30BBIX MPOIEAYp aHaiIW3a JaHHBIX. [Ji1 TOro, 4ToOBl CPaBHUTH
pa3Hoo0pa3us, CHauaja HYXKHO JIOTOBOPUTBCS O TOM, YTO TaKoe «pa3HooOpazuey». B aTrom HeOonbmioM Jokiane OyayT
paccMOTpEeHbl OCHOBHBIE TPEHJIbI B OLIEHKE pa3HooOpasus: anb(da-, 6eTa- U raMma-pasHooOpas3ue; COOTHOILICHHUS eveness-
richness, B3BEIICHHBIX W HEB3BECUICHHBIX METPHK, BBEICHHUIO B MHICKCH Pa3sHOOOPa3Hs (IIOTEHETHIECKONH KOMITOHEHTHI, a
TaK)Ke METOABI CTATHCTHYECKON OAIEPKKH pa3Indrid B yPOBHAX pazHooOpas3ms. HakoHem, OyaeT mpoaeMOHCTPHPOBAaH HOBBIH
TUIT Pa3HOOOpa3usi — TOMOJIOTHYECKOE pPa3HOOOpasue, aHaJlM3 KOTOPOTO BaKEH VIS MOHMMAHHS HPOLECCOB KOIBOMIOIMH
CUMOUOTHYECKHUX CUCTEM.

Pabora BemmonHeHa ¢ ucnonb3oBanueM obopynoBanus [[KIT «I'eHomuku, mporeomMukn U KietouHow Owonrmm»y OIBHY
BHUNCXM u noanepkana rpantom PH® 18-16-00073.

Some problems of the diversity of microbial communities
Andronov E.E.
All-Russian Research Institute of Agricultural Microbiology, Saint-Petersburg, Pushkin, Russia

A simple question about which of the two microbial communities is more diverse has no simple answer. The relevance of this
issue has become evident especially in the era of metagenomics, where the estimation of taxonomic and functional diversity
has become one of the basic procedures in data analysis. In order to compare diversities, you first need to agree on what
"diversity" is. In this short report, the main trends in the assessment of diversity will be considered: alpha, beta and gamma
diversities; the eveness-richness components of diversity, weighted and unweighted metrics, introduction of phylogenetic
component diversity into diversity indices, as well as methods of statistical support of differences in diversity levels. Finally, a
new type of diversity will be demonstrated so called “topological” diversity, the analysis of which is important for
understanding the processes of co-evolution of symbiotic systems.

The work is supported by the grant of the RNF 18-16-00073.
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HexoTtopsie MeToaneckne acneKThbl KyJbTHBHPOBAHUS in Vitro 3pesbIX 3apobliieii MECTHBIX COPTOB STIMEHSI
'Acanosa C.I11., “I'amGaposa I1.1
"MHCTUTYT MOJIEKYJIAPHOM OHOJIOTHH M GHOTEXHOJIOTHI HAIMOHANLHOM akaneMun Hayk Asepbaiimkana, Hayuno-
HCCIIeIOBAaTENbCKAN MHCTUTYT 3eMienenus MCX AsepOaiimkana, baky, AzepOaiimkan
2 Azep6aiiKaHCKHii TOCYIapCTBEHHBIN arpapHbIi yHuBepcuTeT, [aHmka, AsepOaimkan
E-mail: biotexnologaz@mail.ru

VYcnexu B 9KOHOMHKE CEJIbCKOro Xo3siiicTBa A3sepOaifpkaHa BO MHOTOM CBSI3aHBI C CO3/IaHWEM HOBBIX BBICOKOYPOXKalHBIX
COPTOB 3C€pHOBBIX KynbTyp. Jl0 HeJaBHEro BpeMEHH B peclyONMKe NpH CO34aHHH IEPCHEKTUBHBIX COPTOB SUYMEHS
HCIONB30BAINCh  TPAAUIIMOHHBIE METOABI celeKuuu. I MpuMeHeHMs KJICTOYHOM CeNleKIMH HeoOXoauMo pa3paboTarh
METOJMYECKHE TOAXOAbI MOJYUYEHHs MPOIUPEPUPYIOIIUX TKaHEeH U cTabMIIbHON pereHepaluu. Penienue naHHOW NpoOJieMbl
MIPEAToNaraeT moA0Op ONTHUMANBHBIX 3KCIUIAHTOB, MUTATENBHBIX CPEI U YCIOBUI KyJbTHBHPOBAHMS, TAKUX KaK TEMIIEpATypa U
ocBereHne. Bee Tpu ycoBUs B3aMMOCBSA3aHBI M OKa3bIBAIOT HETIOCPEICTBEHHOE BIMSIHUE Ha X0 MOP(OreHe3a U IOMydeHUe
pacTeHuii-pereHepanToB. B mpezncraBneHHON paboTe NMpHBEACHBI JAHHBIC, MOJMYYEHHbIE B AKCIEPHUMEHTaX, Iie 0OBEKTaMH
HCCIICIOBAHUS CITY)KHIIM MECTHBIE copra sumers: ['yapatm - 48, xammnabax - 19, HaxueBannanu, baxapner, JlasHarim.
CopTa OTIMYaINCh MO YpPOXXaHHOCTH, YHCIy PSJIOB, YCTOWYHMBOCTH K psiiy 3a0O0JNeBaHWl M TOYBEHHO-KIMMAaTHYECKHM
yCIOBUAM. B KauecTBE SKCIUIAHTOB HCIHOJIb30BAIUCH 3PENbIE 3apOIbIINIM, KOTOPBIE INOCIE HM3BJICUEHHs BBICAXKHBAIUCH Ha
nuTareNnbHele cpensl Mypacure-Ckyra, copepikaliue pa3jiddHble COOTHOIIEHHS M KoHueHTpanuu 2,4-I1, BAIl u xuHeTHHA.
KyneTrBHpOBaHKME OCYIIECTBIISIOCh B TEMHOTE M Ha CBETY Ipu Temieparype 26°C. Muaykiust mopdoreHesa ocyecTBIsIIach
B YCIOBHSX OCBEHICHHOCTH. [l MpenoTBpaIlleHHs NpOpacTaHWs 3apoAblliel B cpenpl I KaJLTyCOTEHE3a J100aBIIsIH
THIPOIM3aT Ka3enHa. Tarkke yUMTHIBAIIOCH BIMSIHUE Ha MPOPACTAHHUE 3apObIIIeH BAPHAHTOB CTEPUIIN3AINHN, C IPUMEHEHUEM
n 0e3 MPUMEHEHHs KOHICHTPUPOBAHHON CEpHOH KHCIIOTHI, KOMIIO3UINMH (PUTOTOPMOHOB M YCIOBHH KyJIbTHBHPOBAHUS B
TEMHOTE U Ha cBeTy. OTMEUeHO, YTO NHUTATEeNbHAs CPEa, B KOTOPYIO B KauecTBe (PUTOTOPMOHOB J100aBisin 2,4-/] M KHHETHH
HMella ONpeAeIeHHOE IPEUMYIIECTBO, TOCKONBKY NMPH KyJbTUBHPOBAHUY SKCIUIAHTOB B OAMHAKOBBIX YCIOBUSX OCBEIIEHHOCTH
W TEMIIepaTypbl, B TOM BapHaHTE OIbITa CIIyYaeB IpOpacTaHusi ObLIO MEHbIIE, a YHCIO 3apObIIIeii, Ha KOTOPBIX CTallk
MOSIBISITBCS KaJUTyCHBIE KJIETKH — Oonbire. HecMoTps Ha mpopacTanue, Ha 3apofpliiaXx HadrHaia 00pa3oBHIBATHCS KaTyCHAs
TKaHb, KOTOpas mpoiuepupoBana Mpud HOCIEAYIONEM yceueHHH IpopocTka. CBETOBOE M TEMHOBOE KYyJIbTHBHPOBAHUE
9KCIUTAHTOB BH3YaJbHO 3HAYMTEIHHOTO BIMSHUS Ha Nponudepanuio 1 oOpa3oBaHHEe MOP(POTEHHOIO Kalyca HE OKa3alo.
PazHnna HaOIIOAANIACh JIMIIB B OKPACKE KAJLTyCa, KOTOPBIM N3-3a KyJIBTHUBUPOBAHHS Ha CBETY MMEI 3€JICHBIH OTTCHOK.

Some methodic aspects of in vitro cultivation of mature embryos of local barley varieties
'Asadova S.Sh, 2Gambarova P.I.
'Institute of Molecular Biology and Biotechnology of Azerbaijan National Academy of Sciences, Research Institute of Crop
Husbandry, Ministry of Agriculture of Azerbaijan, Baku, Azerbaijan
?Azerbaijan State Agricultural University, Ganja, Azerbaijan

Success in the agricultural industry of Azerbaijan is largely related to the creation of new high-yield, stress tolerant and disease
resistant varieties of grain crops, including barley. Until recently, country-wide only traditional methods of selection have been
used in the development of promising barley varieties, and cell culture methods haven’t been applied. In order to carry out cell
selection in in vitro conditions, it is necessary to develop methodological approaches for obtaining proliferating cell cultures
and stable regeneration. Solution of the issue involves selection of optimal explants, nutrient media and cultivation conditions,
such as temperature and lighting. All these conditions are interrelated and have a direct impact on both the course of
morphogenesis and the obtaining of regenerating plants. Data obtained from the experiments where Gudratly — 48, Jalilabad -
19, Nakhichevandany, Bakharly, Dayanatly barley varieties were used is given in the presented work. Varieties differed in
terms of yield, number of rows, resistance to disease, soil and climatic conditions. Mature embryos were used as explants and
after extraction they were planted on the Murashige-Skoog nutrient media containing various ratios and concentrations of 2,4-
D, BAP and kinetin. Cultivation was carried out in the darkness and in the light at a temperature of 26° C. Induction of
morphogenesis was conducted on nutrient media of the same hormonal composition and was carried out in the light at a
temperature of 26° C. Hydrolysate of casein was added in the medium for callusogenesis to prevent germination of embryos.
The effects of sterilization both with and without use of concentrated sulfuric acid, phytohormones composition and cultivation
conditions in the darkness and in the light on germination of embryos was taken into account. Observations revealed that the
nutrient medium in which the fixed ratio of 2.4-D and kinetin was added as phytohormones had a definite advantage, since in
explant cultivation under the same conditions of illumination and temperature, the incidence of germination was less and the
number of embryos on which callus cells began to appear raised. Despite the germination, callus tissue began to form on the
embryos, which proliferated during the subsequent truncation of the sprout. Regarding the conditions of explants cultivation,
light and dark cultivation conditions did not significantly effect the induction of callusogenesis and the formation of
morphogenic callus. The difference was observed only in the color of callus, which due to cultivation in the light had a green
tinge. Both light and dark cultivation was carried out in an artificial climate chamber under the conditions of the same air
temperature reaching 26°C. Probably, a positive result is possible with a impermanent cultivation of explants under high
temperature conditions.
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Buonornyeckas 3¢ppexkTHBHOCTL OaKkTepHaJbLHOrO areHTa poaa Bacillus B orHomenun Drechslera teres Ha 03UMOM
siYMeHe Ha CTaAUU MPOPOCTKOB
AcarypoBa A.M., Acrarmayk 1.JI., XKesnosa H.A., Bonkoa I'.B.
OI'BHY «Bcepoccuiickuii HayIHO-HCCIEN0BATEIbCKII HHCTUTYT OMOJIOTHYECKOM 3aIUTHl pacTeHuin», Kpacaomap, Poccus
E-mail: irina_astapchuk@mail.ru

I'emubuoTpodusiit rpud, Drechslera teres (Sacc.) Shoemaker BBI3BIBaeT ceT4aTyi0 MSATHHUCTOCTh JIMCTHEB STUMEHS. [pubd
KOCMOIOJNIUT M TO AaHHBIM JIUTEPaTypbl B INPHUPOJE MMEET MHOTO «XO35I€B» CpEAM 3JaKOB, MOXKET Mapa3uTHUpOBaTh Ha
IIIEHHIE, OBCE, PXKU U 311akoBbIX TpaBax. Ha CesepHom KaBkaze smudurornn Gonesnn BosHukanu 4-6 pas 3a 10 ner, npu
3TOM CHIKEHHE YpOXKalfHOCTH ocTuraio 45 %, yMeHbIICHHE KOJIMUYECTBA KOJIOCheB — 10 15 %, KoimuyecTBa 3epeH B KoJoce —
10 20 %. 3ammra IOCeBOB OT JAHHOTO IATOT€HA IPEAINojaraeT, IOMHUMO CEJIEKIIMOHHBIX U arpOTEXHUYECKUX MEPONPUATHH,
WCTIONIb30BAaHNE XMMHYECKUX TeCTHIHA0B. OIHAKO, MX TOKCHYECKOE NEWCTBHE HETaTWBHO CKAa3bIBACTCS HA COCTOSHHUH
arporcHO30B. AIBTCPHATHBOA XUMHUYECKUM IECTHUOMAAM SBIAIOTCA OHONpemnaparbl Ha OCHOBE JKHUBBIX KYJBTYp
MHUKPOOPTaHM3MOB. JKOJIOTHYHOCTh OHMOIPENaparoB CHOCOOCTBYET MX AKTUBHOMY BHEAPECHHUIO B CEJIBCKOXO3SHCTBEHHYIO
npakTuKy. Llenp Hammx wccienoBaHMii: ompeneneHne Ouosormyeckod s¢ddexTnBHOCTH OakTepuanbHOro arenta Bacillus
subtilis BZR 336 g B otHomenun D. teres. VickyccTBeHHOe 3apakeHue D. feres Ha BOCHPUMMYKBOM K ITaTOTEHY COPTE 03UMOTO
symeHs Jlazapp NMPOBOAMJIM TO OOIIEHPUHATHIM METOJMKaM. Vcnonp3oBany cieayrolye BapHaHThL: 1) IpeNnoCeBHYIO
00paboTKy ceMsH U 00pabOTKy pacTeHMi MO Bereramuu; 2) TOIBKO 00pabOTKy pacTeHuil mo Bereranuu. Hopma pacxoma
xuakoi KynbTypbl (JKK) Onoarenra cocraBuna 3,0 n/ra. Xumuueckue stanonsl - Kunto lyo, KC, Amucrap Oxcrpa, KC,
Omonornyecknii dtanoH - AmupuH b, K mcrmomp30Bamy B yCTAaHOBICHHBIX HOpPMaxX. XapakTep 3allUTHOTO JCHCTBHUS OBLI
OIIEHEH IyTeM IIO/ICYeTa IUIOIAAX IMOpakeHHs JimcTa mo mkaine babasui m ap. (1989). buonorndeckas 3¢dhexkTHBHOCTH
paccunrana o gopmyne D606ota. B pesynbrare ycraHOBIEHO, YTO MakCHMalbHast 6nonorndeckas sgdexkruBHOCTE — 66,4 %
Obula OTMEYEHa B BapHaHTE C NPHUMEHEHHEM IPEIIIOCEBHOM 0OpabOTKM CEeMSH M BETETHPYIOIINX PACTEHHH XMMHUYECKUMH
sTajoHaMu. be3 mpenmoceBHo# 00paOOTKM 3TOT mokasarenb cocraBui 45,9 %. [IpenmoceBnas oOpaborka 3epHa KK B.
subtilis BZR 336 g B couerannu ¢ oOpaboTKoi Mo Bererauuu odecneynBaia 3amuTy Ha ypoBHe 49,4 %. B To Bpems kak
3¢ GEeKTUBHOCTh 00pabOTKHM TOJBKO BETSTUPYIOIIMX pacTeHuil coctaBmia 40,9 %, 4TO BhIIC OHMOJOTMYECKOrO 3TAJOHA.
[TonyueHHble AaHHBIE MOATBEPXKIAIOT CHOCOOHOCTh OakrepuanbHoro areHra Bacillus subtilis BZR 336 g unrubuposars D.
teres Ha O3MMOM SYMEHE Ha CTaIWU IPOPOCTKOB. Pabora BEITOMHEHAa Tpw (UHAHCOBOW Moxanepkke rpanta POOU u
agmuauctparmu Kpacnomapckoro kpast 16-44-230308 p_a.

Biological efficacy of the bacterial agent of the Bacillus genus against Drechslera teres on winter barley in the seedling
stage
Asaturova A. M., Astapchuk I. L., Zhevnova N. A., Volkova G. V.
FGBICU «All-Russian Scientific Research Institute of Biological Plant Protection», Krasnodar, Russia

The hemibiotrophic fungus, Drechslera teres (Sacc.) Shoemaker causes barley net blotch. According to the data of special
literature cosmopolitan fungus having many "hosts" among crops in natural environment, can parasitize on wheat, oats, rye and
crop grasses. In the North Caucasus, the epiphytosis of the disease were observed 4-6 times in 10 years, while a decrease in
yield reached 45%, a decrease in the number of ears - up to 15%, the number of grains in the ear - up to 20%. Crop protection
against this pathogen suggests, in addition to selection and agrotechnical measures, the use of chemical pesticides. However,
their toxic characteristics negatively affect the agrocenoses conditions. An alternative to chemical pesticides are
biopreparations based on living cultures of microorganisms. Ecological compatibility of biopreparations promotes their active
introduction into agricultural practice. The purpose of our research was to determine the biological efficacy of the bacterial
agent Bacillus subtilis BZR 336 g for D. teres. Artificial infection of D. teres on the susceptible to the pathogen winter barley
variety Lazar was carried out according to generally accepted methods. The following variants were used: 1) presowing seed
treatment and treatment of plants during vegetation; 2) just plant treatment during vegetation. The consumption rate of liquid
culture (LC) of the bioagent was 3.0 1 / ha. Chemical standards - Kinto Duo, KS, Amistar Extra, KS, biological standard -
Alirin B, F were used in established rates. The protective effect was assessed by counting the area of the leaf damage on the
scale of Babayants et al. (1989). Biological efficacy is calculated according to Abbott formula. As a result, the maximum
biological efficacy - 66.4% - was noted in a variant with presowing treatment of seeds and vegetative plants with chemical
standards. Without presowing treatment, this indicator was 45.9%. Presowing treatment of seeds with B. subtilis BZR 336 g
LC in combination with vegetation treatment provided protection at the level of 49.4%. While the efficacy of treatment of only
vegetative plants was 40.9%, which is higher than the biological standard. The obtained data confirm the ability of bacterial
agent Bacillus subtilis BZR 336 g to inhibit D. feres on winter barley in the seedling stage. The work was supported by a grant
from the RFBR and the administration of the Krasnodar Territory 16-44-230308 r_a.
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I'eneTnyeckne oco0eHHOCTH OaKTepHil, oNpeAesAIONe ITAMMOBYIO ClIelIM(PMIHOCTE B3aNMO/IeiiCTBUSI MyTAHTHOM
Junuu P61 ropoxa noceBHoro (Pisum sativum L.) ¢ Rhizobium leguminosarum
'Adorun A.M., 'Cymma A.C., "*Bacunsesa E.H., ""Macmixosa T.1., 'XKyxos B.A., "*Tuxonouu U.A.
'®I'BHY Beepoccuiickuii HayIHO-HCCIEN0BATENBCKHI HHCTUTYT CENbCKOX03MHTBEHHON Mukpobuonoruun, Cankt-IleTepOypr,
Poccus
*Cankr-IlerepOyprekuii locynapcrsennsiii yauseperutet, Cankt-Iletepbypr, Poccus
E-mail: aafonin@arriam.ru

Cr1ocoOHOCTh MHOTOKJICTOYHBIX OPTaHW3MOB 00Pa30BBIBATh a30T(HUKCHPYIONINE CHMOHMO3BI ¢ MHUKPOOPTraHW3MaMH BO3HHUKIIA
BO MHOTHX BETBsIX »Bomonuu. PacreHus cemeiictBa 0000BbIe 001a1al0T CIIOCOOHOCTHIO 00PA30BBIBATh a30T(UKCHPYIOIIHE
KIIyOEHBKH - 0CO0BIe CTPYKTYpHI, oOecrieunBatomye >PQeKTHBHYIO (HKCAIHMI0 aTMOC(HEPHOTr0 a30Ta MUKPOCHMOHWOHTOM.
Pa3zBuTtne KiyOGHHKOBOrO CHMOMO3a KOHTPOJIMPYETCS 3aMMOJCHCTBUEM MEXIy pPacTUTENbHOW U  OaKTepHalbHOM
TeHEeTHYECKUMH NPOrpaMMaMU.

B 1993 romy Sagan c xomieramu yAajaoch monyduTh JImHuio ropoxa moceBHoro P61, obmagaromryro Tak HasplBaeMbIM fix-
¢deHoTHIIOM (KITyOSHBEKHM HE CIIOCOOHBIE K (pukcaruu a3ora). B manmpHEHIIeM oHM OOHAPYXWIIH, YTO JAHHBIA (EHOTHUI OBLT
IITAMMOCTICIU(UIHBIM, TO €CTh IPOSBIISUICS TOJBKO IPU B3aWMOJAEHCTBHMM C HEKOTOphIMH InTamMMmamu. OpHaKo Bce
COBMECTHMBIE HITAMMbI OBUIM YTEpsiHBL. B pamkax paGoTsl naboparopuu mpu u3ydeHun MyTaHTa P61 Obiia oOHapyskeHa
cnoco6HocTh TunoBoro mraMmma RCAM1026 nonaBnsaTe MyTaHTHBIH (heHOTHN AaHHOM JuHKMK. Ha naHHBIH MOMEHT NpUYMHA
TaKOHM ITOBBILICHHOW 3(Q(EKTHBHOCTH INTaMMa OCTaeTcsi Heu3BecTHOH. Llenbio paboTHI OBLIO ONpeneNeHHe T'eHEeTHYeCKHUH
ocobennocteii mramma RCAM1026, nmo3sossitomux emy 3¢ dekTuBHO B3auMoaeicTBoBath ¢ juHuei P61. [l onpenenenus
ToyHOro reroma mramma RCAM 1026 ObLIO IPOBEICHO TEHOMHOE CEKBEHHPOBAHUE C UCIONIb30BaHUEeM cekBeHaropa MinlON,
MI03BOJIMBIIIEE TIOJNYYUTh IIOJHBIA CHKBEHC BCEX PEIUIMKOHOB. [ M3ydeHHsS COBMECTHBIX TPAHCKPUITOMHBIX MPOpHUICH
Gakrepuii 3gdextuBHoro mraMma RCAM1026 u HeapdexTrBHOTO mTaMMa 3841 mpu B3aMMOACHUCTBUN C PACTEHHUEM JTUKOTO
THUIIa ¥ MyTaHTOM ObUIa Hcnonb3oBaHa TexHonorus 5' MACE.

Hcnionp30BaHne 3TOI TEXHOJIOTMH TO3BOIMIIO HANTH 3HAYMMO UG PEPEHIMATBHO IKCIPECUPYIOIINECS TPYIIIBI TEHOB B 000MX
mrammax. Y mrammMa RCAMI1026 okazanoch 3HAYMTENbHO OOJbIIEe KOIMYECTBO UP-PErYJMPOBAaHHBIX TEHOB NP
B3aumozeiictBun ¢ auHued P61 yem y mrtamma 3841. Takum o0pa3omM MBI OOHApyXWJIHM psii OakTepHabHBIX I'€HOB,
MOTEHIAJIbHO OTBECTBEHHBIX 3a Ipeopoienue fix- penornna gunuu P61.

[Jannast pabota Obuia noanepsxana rpantoM POOU 18-34-00844 u rpanrom PHO 17-76-30016.

Bacterial genetic features determining the strain specificity of Pisum sativum line P61 interaction with Rhizobium
leguminosarum
'Afonin A.M., 'Sulima A.S., *Vasilieva E.N., *Maslikova T.I., 'Zhukov V.A., "*Tikhonovich LA.
! All-Russia research institute for agricultural microbiology, Saint-Petersburg, Russia
? Saint Petersburg state university, Saint-Petersburg, Russia

The ability to assimilate nitrogen by forming symbioses with nitrogen-fixing bacteria developed in various plants. Fabaceae
possess the ability to form nodules, specialised structures that house the symbiotic bacteria supplying the plant with fixed
nitrogen. The development of this highly specialised organ is controlled both by plant and bacterial genetic programmes. In
1993 Sagan et al. produced the P61 pea line, mutant in the sym25, exhibiting the so-called fixphenotype (nodules incapable of
fixing nitrogen).

They later discovered that phenotype to be strain-specific, but the strains were subsequently lost. Recently in our laboratory the
ability of strain Rhizobium leguminsarum bv viciae RCAM1026 to suppress the mutant phenotype of P61 line was discovered.
The exact cause of the increased symbiotic prowess of RCAM1026 remained a mystery. The aim of this study was to uncover
the genetic traits granting the strain RCAM1026 increased affinity to the line P61. In order to determine the exact genomic
composition of the RCAM1026 it was sequenced using the MiniON sequencing platform. Using 5MACE RNAseqt the gene
expression levels in the developed nodules of line P61 inoculated with the effective RCAM1026 and the ineffective 3841
strains were compared.

The transcriptome profiles of effective and ineffective nodules varied drastically, with RCAM1026 showing higher levels of
up-regulated genes when interacting with the mutant. Thus, we determined the set of unique genetic features probably involved
in the process of mutant phenotype suppression.

The work was supported by RFBR grant 18-34-00844 and RFS grant 17-76- 30016.
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HckyccTBeHHBIE accOnMaNM PACTEHHI 1 MUKPOOPTraHU3MOB
baiimueB An.X., Bepmmnuna 3.P., Xakumosa JI.P., JlJauna A.M., Caasikosa JI.P.
Huctutyt onoxumuu u renetuxku YOUIL PAH, Yda, Poccust
E-mail: baymiev@mail.ru

[lepcriekTHBHBIM HarpaBIEHUEM DPa3BUTHS HKOJIOTHYECKH OPHEHTHPOBAHHOTO CEIBbCKOTrO XO3SHCTBa, ABISETCA pa3paboTka H
UCIIONIb30BaHNe OMOynoOpeHuii Ha ocHoBe mTaMMOB PGPR-MHKPOOPraHHM3MOB € CHHTE30M HOBBIX WM HMCKYCCTBEHHBIM
yBEIMYEHHEM IPOIYKLHUH IIOJIE3HBIX Ul pacTeHuil BemiecTB. OJHAKO, MPOLIECCH CHHTE3a BCErJa CBsA3aHbI C OOJBIIUMHU
3aTparaMH PHEPIHU U I03TOMY OaKTepHHU-CyNnepHpoAyleHTHl 3(p(EKTHBHBI TOJLKO B MPOMBIIUICHHBIX YCIOBUSX U OBICTPO
SJIMMHUHUPYIOTCA U3 TTOYBBI B YCIIOBUAX KOHKYPCHIIMU CO CTOPOHBI JUKUX HITAMMOB 6aKTepPII>i. BBIXO}IOM nu3 JlaHHOﬁ CUTyallun
MOXKET OKa3arbCd MNPUMCHCHHUE PEryJIMpyeMoOro BKIIOYCHUA MCJICBBIX (CBOI/IX WM HCKYCCTBEHHO BBC,E[GHHI)IX) TCHOB
PpH300aKTEpHiA, SKCIIPECCHS KOTOPBIX OyJIET MHAYIIMPOBATHCS BENIECTBAMH, BBIICIIEMBIMU KOPHSIMHU PacTCHUH, HAaIpuMep, Tak,
KaK 3TO MPOHMCXOOUT C Te€HAMH BHPYJICHTHOCTH M KIyOEHBKOOOpa3oBaHWS y arpoOakTepuii m pu3o0uii, COOTBETCTBEHHO. B
9TOM CITydae IIeJIeBbIe T€HbI BKIIIOUATCs TOIBKO B OOraToii MuTaTeIbHBIMHU BEIIECTBAMH 30HE, HEITOCPEACTBEHHO NMPHIICTAIOIICH
K KOpHSM, 4YTO, KpOMe Hpodero, Oyner crnocoOcTBoBaTh 3()(EKTUBHON yTHIIM3AINHU «IIOJIE3HBIX» MUKPOOHBIX METabOJIHTOB
pacTeHUsIMH.

Crparerusi MHIYIUPYEMOTO BKJIIOYEHHs LeneBbIX TreHoB PGPR-mukpoopranmsmoB B pusocdepe pacTeHHH BKyIe C
pa3paboTaHHBIM HaMH paHee OSKCIEPUMEHTAIBHBIM MOAXOJIOM K KOHCTPYHMPOBaHHIO «HCKYCCTBEHHOW pH30C(hepbD»
HECUMOUOTPO(HBIX pacTeHNH, N30MPATEIbHO U KOHKYPEHTOCIIOCOOHO KOJIOHU3UPYEMO# KITyOeHbKOBBIMH OaKTEPUSIMH, MOXKET
OBITh C YCIIEXOM HCHOJNB30BaHa ISl CO3IMaHUS CTAOMIBHBIX U 3((EKTUBHBIX acCOMMAIN HECUMOMOTPODHBIX X03SHCTBEHHO-
MOJIE3HBIX PACTEHUH C MHKPOOpPraHW3MaMH, OONAAONIMMH IOBBIIIEHHOW ¥ BKIIOYaEMOW POCTOCTUMYIHPYIOMIEH
AKTHBHOCTBIO.

Artificial associations of plants and microorganisms
Baymiev Al.Kh., Vershinina Z.R., Lavina A.M., Khakimova L.R., Sadykova L.R.
Institute of Biochemistry and Genetics UFRC RAS, Ufa, Russia

One of the most perspective directions of ecologically oriented agriculture is the development and use of bio-fertilizers based
on PGPR strains (PGPR - plant growth promoting rhizobacteria). These strains produce increased amounts of new or already
known substances that are beneficial for plants. However, the synthesis is always associated with high energy consumption and
therefore Superproducer bacteria are effective only in industrial settings and are rapidly eliminated from the soil by wild strains
of bacteria. Adjustable inclusion of the target genes by the substances, secreted in the plant roots, can be the potential way of
solving this problem, as is the case with the virulence and nodulation genes in Agrobacterium and Rhizobium, respectively. In
this case, the target genes activated only in the nutrient-rich plant rhizosphere, would be facilitate efficient utilization of
"useful" microbial metabolites by plants. The proposed strategy of activation of PGPR genes by plant exudates in the
rhizosphere of plants can be successfully used to create stable and effective associations between of non-symbiotic
economically important plants with microorganisms, carrying enhanced and controlled growth promoting and/or nitrogen-
fixing activity.
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I'opn3oHTAaNBHBIH NepeHoc FeHOB H HeTHITHYHBIE KJIy0OeHbKOBbIEe 0aKTepUH
baiimues An.X., I'ymenko P.C., Bnmaqumuposa A.A., baiimueB Amn.X.
Huctutyt onoxumuu u renetuxku YOUIL PAH, Yda, Poccust
E-mail: baymiev@anrb.ru

Pu3obun — cuMOMOHTBHI 0GOOOBBIX pacTeHWI - MMEIOT JBe (OPMBI CYIIECTBOBAaHUS, IepBasi -canpoduTHas, B KOTOPOH
MHUKPOOPTaHU3MBI SBJIAIOTCS CBOOOAHOKMBYIIMMH ITOYBEHHBIMA MUKPOOPTaHU3MaMH, M BTOpas - CHMOMOTHYECKas!, B KOTOPOH
0OakTepuy KIOHAJIBHO pa3sMHOXAIOTCS B KIyOeHbKax pacTeHWi. s ycnemHoro CHMOHMOTHYECKOrO B3aUMOJICHCTBHS
KIIyOeHbKOBbIE OaKTepHUH B COCTaBE I'€HOMa JIOJDKHBI COAEpXKaTh CMMOMOTHYECKHE TeHBI, NMPOIYKTHl KOTOPHIX yYacTBYIOT B
Pa3IMUHbBIX CTAAMAX B3AUMOOTHOIICHUS OaKTEPUH U PACTEHUSI.

B canpodutHOM cocTOsiHUM OakTepuii CUMOMOTHYECKUE TeHbI SIBISIIOTCS CBOETO pOja FEHETHYECKUM «0alylacToM», MOoTeps
KOTOPBIX JIMIIb YBEIMYMBACT KOHKYPEHTOCHOCOOHOCTh OaKTepHalbHBIX KIETOK. HampoTtws, mnst oOpa3oBaHust cumOmosa
HalM4due WX SBIAETCA 00sA3aTeNnbHBIM ycioBueM. IlosToMy mims KiTyOSHBKOBBIX OakTepHil XapakTEepHO ITOCTOSHHOE
notepst/nmproOpeTeHne cCMMOMOTHYECKUX T'eHOB, I10CTOSIHHBIE ITPOLIECCH IOTEPH U IIPHOOPETEHHUS Sym-TE€HOB, CONPSDHKEHHBIE C
«uHpexnnei n ocsoboxaernemM» (MO-1uKIbI), TpeOyIoT OT KIIyOeHBKOBBIX OaKTEpHii BEICOKOW aKTMBHOCTH TOPU30HTAIBHOTO
NepeHoca T'eHOB, YTO, B CBOIO O4YEpEe/Ab, SBISIETCS OMHOM W3 NPUYMH BBICOKOIO IOJMMOp(H3Ma IOMYJSLIUA JaHHBIX
MHUKpPOOPTaHH3MOB.

Bbicokasi akTHBHOCTh TOPH30HTAIBHOTO TIEPEHOCa CUMOMOTHYECKUX T'CHOB 3a4acTyi0 TPHBOJHUT K ITOSIBJICHHIO HETHITUYHBIX
KIIyOCHBKOBBIX OakTepuil - pu300Mil C HM3MEHEHHOW CHEUU(PHUYHOCTHIO. B HEKOTOpBIX CilydasiX MHKpPOOpPIraHM3MbI, HE
OTHOCSIIITUECS K TPYIIe KIyOSHBKOBBIX OakTepwii, MpHOOpeTaroT CBOICTBa K 00pa30BaHMIO KITyOCHBKOB Ha KOPHSAX 0OOOBBIX
pactenuii. B paboTe paccMOTpeHBI NPUYHHBI MOSBICHHUS IMOJOOHBIX OaKTepHil, HX CTaOMIBFHOCTh U BOSMOXKHBIE (DYHKIIMU B
cucreMe cuMOnoTHueckor azoTdukcannu. Pabora BeimonHena npu nomuepxke rpanta PODU Nel7-44-020201 p_a.

Horizontal gene transfer and atypical nodule bacteria
Baimiev An.K, Gumenko R.S, Vladimirova A.A., Baimiev ALK.
Institute of Biochemistry and Genetics IBG UFRC RAS, Ufa, Russia

Rizobia is symbionts of leguminous plants. They have two forms of existence, the first is the saprophytic, in which
microorganisms are free-living soil microorganisms, and the second is symbiotic, in which bacteria clonally reproduce in plant
nodules. For successful symbiotic interaction, nodule bacteria in the genome should contain symbiotic genes, the products of
which are involved in various stages of the relationship between bacteria and plants.

In the saprophytic state of bacteria, symbiotic genes are a kind of genetic "ballast", the loss of which only increases the
competitiveness of bacterial cells. On the contrary, for the formation of a symbiosis, their presence is necessary condition.
Therefore, the constant loss/acquisition of symbiotic genes is typical for nodule bacteria. The constant processes of loss and
acquisition of sym-genes associated with "infection and release" (IR-cycles) require a high activity of horizontal transfer genes
the nodule bacteria. It is one of the reasons for the high polymorphism of populations of these microorganisms.

The high activity of horizontal transfer of symbiotic genes often leads to the appearance of atypical nodule bacteria - rhizobia
with a changed specificity. In some cases, microorganisms that do not belong to the group of nodule bacteria acquire properties
for the formation of nodules on the roots of leguminous plants. The reasons for the appearance of such bacteria, their stability
and possible functions in the system of symbiotic nitrogen fixation are considered in this work. The work was supported by the
grant of the Russian Foundation for Basic Research Nel17-44-020201 p_a.



97
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Bay6exosa JI.I".
AcTpaxaHCKHH roCyIapCTBEHHBIM TEXHHUECKUH YHUBEpCHUTET, AcTpaxans, Poccus
E-mail: suslig.zenia@mail.ru

AJBTEpHapHO3bI — 3TO 3a00JIEBaHMS CEITLCKOXO3SMCTBEHHBIX KYIBTYp, BBI3bIBaEMbIE (PUTONMATOreHHBIMH MUKPOMHUIIETAMH poJia
Alternaria. AnbTepHapHO3bl IOPAKAIOT MHOTHE CEIbCKOXO3IHCTBEHHBIE KYJBTYPHI M IPOSIBIAIOTCS B BHJIE ISTHHCTOCTEH,
THUIIEH 1 HaseToB. BpenqoHOCHOCTH 3THX 3a00J1€BaHNi 00YCIIOBIICHA CHIYKEHHUEM (DOTOCHHTETUYECKOI TTOBEPXHOCTH JIUCTHEB,
IUIECHEBEHHEM ILIO/IOB U CEMSIH, YMEHBILICHUEM YPOXKasl U 3arpsi3HEHUEM CEeNbCKOX03sHCTBEHHON NPOAYKIIMA MHUKOTOKCHHAMU
n amineprenamu. llenmpio McclieoBaHUS SIBISTIOCh M3YYEHHE BIMSHUSA JiaboparopHOro obpasiia OMoQyHTHIIMIAa Ha OCHOBE
Bacillus sp. Ha CcHmKeHHe 3a00JeBAGMOCTH KyJabTyp cemeiicTBa [laciieHOBBIX anbTepHapHo30M. [l JAOCTHIKCHUS
MIOCTAaBJICHHON B paboTe LEeNu MPOBEICH psj 1a0OpaTOPHBIX M MOJEBBIX HCCIEAOBAaHUHA. B 1abopaTopHBIX SKCIEpHMEHTax
HCCIIeIOBaHa MUKOJIMTHYECKasi aKTHBHOCTH JIAOOPaTOpPHOTo o0Opasma MO OTHOUICHHI0 K TecT—00BeKTaM (DUTONMaTOTeHHBIX
MHUKpPOMHIIETOB poza Alternaria. B moneBbIX ycIOBHSX M3y4eHO BIMSHHUE J1aOOpaTOPHOTo oOpasna Ha 3apakKeHHOCTh TOMATOB
copra «Ilogapounslit» (hUTONATOreHHBIMH MHUKPOMHIIETAMH B OTKPHITOM TpyHTE. BhIpalneHHbIe BCXOIbI Iepel BHICAIKON B
OTKPBITBIH TPYHT ONPBICKMBAIN J1a0OpaTOpHBIM 0oOpaszioM. [lepBblii MpPOJMB 1MOJ KOPEHb PACTEHHH OCYIIECTBWIN B (ha3y
OyTOHM3alMHU, BTOPOHl NPOIMB — BO BpeMs IIBETCHUsS. BereralMoHHBIA ONBIT UIWICS S5 MecsueB. B pesymbrare
MIpPEIBAPUTEIBHBIX HCCIEIOBAHUI YCTAaHOBJICHO TNPOSIBICHHE HCCICAYEMBIM JIabOpaTOpPHBIM 00pas3oM BBIpaXEHHON
(YHTULMIHOW aKTHBHOCTH IO OTHOIICHHIO K (PMUTONATOTeHHBIM MUKpoMHuIleTaM poja Alternaria. 3oHa MHIMOMpOBaHUS pocTa
MHKPOMHIIETOB B TPOBEJCHHOM J3KcnepuMenTte coctaBimsuia 21-33 mm. Hccnemyemsrit mabopaTtopHBIif oOpasen Oka3bIBaeT
MHUKOJIUTHYECKOE AEHCTBHE HA MHUKPOMHIETHI poma Alternaria. IIpm mccimenoBaHHM MHKOMUTHYECKOH aKTHBHOCTH OOpasma
OTIPEZIEIEHO, YTO MHIEIHH MHKPOMHIETOB HAaOyXaeT M OCJIM3HACTCS, JAHHOE BO3JCHCTBHE YCHIIMBACTCS B IIOCIEIYIOIINE
BpeMs dKcno3uimu. B xone MecsaHON MHKyOanny MHALENNH pacnagaeTcst Ha BOJIOKHA, (POPMHUPYIOIINICS MULEINH OTANYaICs
BBIPOKCHHBIMH  MOP(OJIOTHYECKUMH  BHJOU3MEHEHUSIMH. B KOHTpOlle MHIENU BH3yalbHO HE W3MEHAETCS U €ro
BUIOM3MEHEHUs He HaOmopanuch. Mcnonb3oBaHue ucciaeayeMoro JiabopatopHoro obpasua B IOJIEBBIX JKCIEPUMEHTaxX Ha
TOMare CICPKUBAJIO Pa3BUTHE alibTepHAPHO3a Ha IPOTSHKEHUH BCETO Meprojia dKkcrepuMenTa. Hanbosiee BBICOKHIT mokaszaTesb
ouonornyeckord 3(pPEeKTUBHOCTH NPHUMEHEHHs H3ydaeMoro ooOpasma OuodyHruimma npoTuB anbrepHapuoza (72,4 %)
HaOmoancst BO BpeMsi BeTeHHs 2—i kuctu. IIpuMeHeHne oOpasma MOBBICHIIO YposkaHOCTh Ha 27,5 % 1O OTHOMICHHIO K
KOHTPOJTIO, TIPH 3TOM COAepsKaHKe OONBHBIX TUIOZI0B 3HAYUTENBHO CHU3MWIOCH (110 1,1 %).

Biological method of reducing the mobility of Solanaceae of alternariosis
Baubekova D.G.
FSEI HE «Astrakhan State Technical University», Astrakhan, Russia

Alternaria are diseases of agricultural crops caused by phytopathogenic micromycetes of the genus Alternaria. Alternariosis
affect many crops and are manifested in the form of patches, rot and raids. The harmfulness of these diseases is caused by a
decrease in the photosynthetic surface of the leaves, molding of fruits and seeds, a decrease in yield and contamination of
agricultural products with mycotoxins and allergens. The aim of the study was to study the effect of a laboratory sample of a
biofungicide based on Bacillus sp. on the reduction in the incidence of cultures of the Solanaceae by alternariosis. To achieve
the goal set in the work a number of laboratory and field studies were carried out. In laboratory experiments the mycolic
activity of a laboratory sample was studied with respect to test objects of phytopathogenic micromycetes of the genus
Alternaria. In the field, the effect of a laboratory sample on the contamination of tomato with phytopathogenic micromycetes
in the open field was studied. The germinated shoots were sprayed with a laboratory sample prior to planting into the open
ground. The first strait under the root of the plants was carried out in the budding phase, the second strait was during flowering.
Vegetation experience lasted 5 months. As a result of preliminary studies, the test laboratory sample showed a pronounced
fungicidal activity with respect to the phytopathogenic micromycetes of the genus Alternaria. The zone of inhibition of growth
of micromyecetes in the experiment was 21-33 mm. The test laboratory sample has a mycotic effect on the micromycetes of the
genus Alternaria. In the study of the mycoliotic activity of the sample, it was determined that the mycelium of micromycetes
swells and becomes mucilaginous, this effect is enhanced in the subsequent exposure time. During a month incubation, the
mycelium disintegrates into fibers, the forming mycelium differed by pronounced morphological modifications. In control, the
mycelium does not visually change and its modification has not been observed. The use of the tested laboratory sample in field
experiments on tomato inhibited the development of alternaria throughout the entire experiment. The highest indicator of the
biological effectiveness of the study of the biofungicide sample against alternariosis (72.4 %) was observed during flowering
of the 2nd brush. Application of the sample increased the yield by 27.5 % in relation to the control, while the content of
diseased fruit significantly decreased (1.1 %).
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B nocnennue pecstuierust Ha Tepputopun LleHTpanbHoro YepHO3eMHOTO pernoHa HaOIoaeTcss 3HaYUTEeNIbHOE TTOBBIIIICHUE
cyMMBl 3 dexTrBHBIX Temneparyp. [Ipu 3TOM yBenHM-4mIIOCh KOJMYECTBO JIET C IOHMW)KEHHBIM KOJMYECTBOM OCaJKOB. B
pe3yiabrare B PErMOHE y4a-CTHIIMCH 3acyxd. OIHOBPEMEHHO B I0YBE OTMEUYEHO 3aKOHOMEPHOE CHW)KEHHE YHCIEHHOCTH
OCHOBHBIX TaKCOHOMHYECKHX, 3KOJOTO-TPOMUUECKHX M (PU3HMOIOTHUECKMX TIPYII MHKpoopraHu3MoB. HaOmiomenus 3a
COCTOSIHUEM MHKPOOHOTO COOOIIecTBa IMOYBBI B 3€PHOINAPOIPOINAIIHOM CEBOOOOPOTE B arpoleHO3e CaxapHOW CBEKIIbI
MIOKa3aJIM, YTO MCIOJIb30BaHNE MECTHIM/IOB ITOJABISIET Pa3BUTHE MUKPOOPTaHN3MOB, IPUHUMAIOIINX yJacTHE B KPYyrOBOPOTE
azora, (opMupoBaHHH 3(P(HEKTHBHOTO M MOTEHIMAIBHOTO IUIOAOPOIH. B 1MOuBe B €CTECTBEHHBIX YCIOBHAX PA3BHBAIOTCS
3¢ }eKkTHBHBIE MUKPOOPTaHN3MBI, KOTOPBIE CIIOCOOHBI IPH YBENWYEHHH UX YUCICHHOCTH BOCCTaHABIINBATH 3aKOHOMEPHBIH X0
I04YB00OPA30BATEIBHBIX MPOIECCOB. YUUTHIBAS 3TO, B Ja0OPAaTOPHH 3KOJIOTO-MHUKPOOHOJIOTHYECKUX HMCCIIEMOBAHUN IOYBBI
BHUUCC wum. AJL MasnymoBa coOpaHa KOWICKIUSA J(PPEKTUBHBIX MHUKpOOpPraHu3moB. [Ipexnme Bcero, 3T0
LEJUTIONIO30JIUTHYSCKAE MUKPOMHUIIETHI, A1a30Tpodbl pona Azotobacter, mpencraButenu poxa Pseudomonas u Azospirillum,
aHTaroHuctel (uronarorenoB pozxa Bacillus u ap. Hambomee wusyuen unemtono3onuTuyeckuii Mukpomuier Humicola
fuscoatra, koTopblii HaxomuTcsi Ha nareHTHOM aenoHupoBanud B BKIIM OI'VIITI'ocHUUI enetukku ¢ unnekcom Humicola
fuscoatra BHUMCC 016. 3anamka coIoOMBI 3¢pHOBBIX KYJIBTYP COBMECTHO C 3THUM MHKPOMHIIETOM YBEIWIHBACT YHCICHHOCTh
ua3oTpodoB, aMMOHH(DHUKATOPOB, HUTPU(UKATOP-TOB U (ocdobakrepuit B mouBe. Co3maHa KOWIEKOHA AWA30TPO(OB, B
KOTOPYIO BXOZSIT CBOOOIHOXKHUBYIIHME AWA30TpO(bl BUIOB Azotobacter chrooccoum wm Pseudomonas fluorescens, ponoB
Pseudomonas u Azospirillum. B ¢opmuposannu dpochoproro porma nouBsr npuHIMaroT ydactue dpochodakrepun, KO-ToOpbie
TpanchopMupyroT opraHodocdarsl U TpeX 3aMelleHHbBIH (ocdar Kambims 10 opTohOoCPOPHON KHUCIOTHL. 3HAUUTEIHHBIN
WHTEPEC MPEACTAaBISIIOT €CTECTBCHHBIE ITOYBEHHBIE AaHTaroHUCTHl (UTO-maToreHoB BWIOB Bacillus subtilis, Bacillus
mesentericus, KOTOpbIE TOJABJSIIOT Yy pacTeHWid pa3BuThe OoJe3Heil TrpuOHON STHONOrMH. TakuMm 00pa3oM, MOMOIHSIS
MHUKpPOOHOE COO0O0IECTBO MOYBbI 3()(HEKTUBHBIMU MUKPOOPTraHU3MaMi MOXKHO BOCCT@HABJIMBAaTh €ro (DYHKIMU U CIIOCOOHOCTD
K CaMOPETYIMPOBAHHIO B arporeHo3ax.

Useful properties of indigenous strains of microorganisms in leached black earth
Bezler N.V,, Kolesnikova M.V., Cherepuhina I.V., Petyurenko M.Yu, Sumskaya M.A., Kislinskaya E.G.
Voronezh Federal State Budgetary Scientific Institution “The A.L. Mazlumov All-Russian Research Institute of Sugar Beet and
Sugar”, Voronezh, Russia

Last decades, substantial increase in sum of effective temperatures is observed in territory of the Central Black-Earth region. In
addition, years with the lowered rainfall has increased in number. As a result, droughts have become frequent in the region. At
the same time, appropriate decrease in the number of basic taxonomic, ecological-trophic and physiological microorganism
groups has been noted in soil. Observations of the soil microbial community condition in grain-fallow crop rotation in sugar
beet agrocenosis have shown that use of pesticides suppresses development of the micro-organisms taking part in nitrogen
cycle and formation of effective and potential fertility. In soil, effective microorganisms are developed under natural
conditions. When increased in number, they are able to restore a natural course of soil formation processes. Taking this into
account, collection of efficient microorganisms has been established by the laboratory of soil ecological-microbiological
studies, the A.L. Mazlumov All-Russian Research Institute of Sugar Beet and Sugar. First of all, they are celluloselytic
micromycete, nitrogen-fixing microrganisms of the Azotobacter genus, representatives of the Pseudomonas and Azospirillum
genera, phytopathogen antagonists of the Bacillus genus, etc. Strains Humicola fuscoatra are deposited to All-Russian
collection of industrial microor-ganisms on patent deposit with the index Humicola fuscoatra VNIISS 016. Plowing straw of
grain-crops in soil together with this micromycete increases numbers of nitrogen-fixing mi-crorganisms, ammonificators,
nitrificators and phosphobacteria in soil. The collection of nitrogen-fixing microrganisms that includes free living nitrogen-
fixing microrganisms of the Azotobacter chrooccoum and Pseudomonas fluorescens genera, and the Pseudomonas and
Azospirillum species has been created. The phosphobacteria that transform organophosphates and calcium phosphate
(Ca3(PO4)) into orthophosphoric acid take part in for-mation of soil phosphoric reserve. Natural soil phytopathogen
antagonists of the Bacillus subtilis and Bacillus mesentericus species suppressing development of fungi etiology diseases in
plants are of great interest. Thus, by replenishing microbial community of soil with effective microorganisms, it is possible to
restore its functions and self-regulation ability in agrocenoses.
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ITepciekTHBBI MeTab0IN4YeCKOil HHKEHEPUHU NpeAcTaBuTeeil pona Lavandula L.
benosa M.M., Yepenunuenko M.IO.
OI'bOY BO PTAY-MCXA umenu K.A. Tumupsizesa, Mocksa, Poccust
E-mail: belova.pavla2015@yandex.ru

CymiecTByeT OOJIBIION MHTEpEC K MOBBINICHHIO Ka4eCTBAa M «ypOKaifHOCTH» 3(QHPHBIX Macel JaBaHibl. [ TeHeTHUecKoro
OIX0/1a K IIOHUMAaHUIO PEryIIMpPOBaHUS MOHO- U CECKBUTEepIeHOBOro cuHTe3a Lavandula angustifolia Lane et al. (2010) Opumm
co3nansl aBe ondanorexu k/JJHK 13 1iBeTkoB ¥ IHCTHEB M MojydeHa nH(opMaIus o rnocienoBarebHocTX okono 15 000 EST.
ABTOpBI OATBEPIUIIN, YTO IKCIIPECCHSI TEHOB, OTBETCTBEHHBIX 32 OMOCHHTE3 S(MPHOr0 Macia, IPaKTUIECKH OIPaHUINBACTCS
KEJIE3UCTHIMU TPUXOMaMH, KOTOpPbIe MPEUMYIIECTBEHHO UCMONb3YI0T MEP-nyTh Ui mpou3BOJCTBAa KOMIOHEHTOB 3(MPHBIX
Mmacen. Mundz-Bertomeu et al. (2006) ucnonszoBanu red DSX Arabidopsis thaliana mox KoHTpoJieM KOHCTUTYTHBHOTO
npomotopa CaMV 35S u oOHapyxwmim, uto runepakcnpeccus DSX ycunmBaer cuHTe3 Macia B pacteHusx Lavandula latifolia.
B mocnenyromeit pabore Mundz-Bertomeu et al. (2007) ucciegoBanm Bo3MOXKHBIH Biiag MVA-IIyTH B OHOCHHTE3 d(HPHBIX
Macen JiaBanabl. beutn cozmansl Tpancrenusie pacrenns L. latifolia ¢ renom HMG1 k/IHK pesyxoBuaxu Tans, Komupyromum
HMGRIS, xmoueBoii ¢epMenT, ydacTByommid B nepsoM stane MVA-mytu. Pe3ynpraTel mokasaim, 4TO CBEPXIKCIIPECCHS
HMGRIS nossimaer Bbixon 3upHOro Macia (B 4aCTHOCTH, CECKBHTEPIICHOB) U CTEPHHOB, YTO IOATBEP)KIAET BOBJICUCHUE
MVA-nyt B OMocunTe3 31X coeauneHnil. Pesynbrarel Lane et al. (2010) yka3bIBaloT Ha TO, YTO CHHTE3 ITPEALIECTBEHHIKOB
MOXET MI'paTh HEOONBIIYIO POJb B OMOCHHTE3€ CECKBUTEPIICHOB, YTO OMPAB/ABIBAET OYEHb MAJyIO JOJIO CECKBUTEPIICHOB B
3(hHUPHOM MacJIe JaBaHIbl.

[TomyueHne TpaHCTEHHBIX pPACTCHHUH C THIEPIKCIPECCHEH MOHOTEPICHOBBIX CHHTAa3 TaKKe SBISIETCS TOAXOIOM
METa0ONMYECKOH WH)XEHEPHH, [OCTYHNHBIM [UIi MOAM(HKAIMKM COCTaBa M YBEIWYEHHUs BbIXo#a H(upHOro macia B
apoMaTHYECKUX BUAAX JaBaHabl. Mundz-Bertomeu et al. (2008) tpancdopmupoanu L. latifolia renom MsLS Mentha spicata,
KOTOpBI TpeoOpasyer repanumimudocdar B JUMOHEH, mnpu perymupoBannn CaMV 35S, ABrtopel 0OHapyXuiu
KOJIMYECTBEHHBIE M KAaYeCTBEHHbIE NU3MEHEHUS B MPO(IIIAX TEPIEHONIOB, B YACTHOCTH, MOBBIIIEHHOE KOJIMYECTBO JINMOHEHA,
y TPaHCTE€HHBIX pacTeHHUH ¢ runepakcnpeccueit resa MsLS.

Merabonuyeckass WHXEHEpUsT MOXET OBbITh TaKke NPUMEHEeHa Ui MOJU(UKAIMU TPOU3BOJCTBA JPYTMX BTOPUYHBIX
MeTa0O0JIMTOB, HE TOJIBKO ITTABHBIX KOMIIOHEHTOB MAacia, IPOIYIIUPYEMBIX JIaBaHOH.

Perspectives of metabolic engineering of the genus Lavandula L. representatives
Belova M.M., Cherednichenko M. Yu.
FSBEI HE Russian Timirjazev State Agrarian University, Moscow, Russia

There is a great interest in improving the quality and "yield" of lavender essential oils. Two cDNA libraries were created Lane
et al. (2010) from flowers and leaves and information was obtained on the sequences of about 15,000 EST for a genetic
approach to understand the regulation of Lavandula angustifolia mono- and sesquiterpene synthesis. The authors confirmed
that the expression of genes responsible for the biosynthesis of essential oil is practically limited to glandular trichomes, which
predominantly use the MEP pathway for the production of essential oils components. Mundz-Bertomeu et al. (2006) used the
Arabidopsis thaliana DSX gene under the control of the constitutive promoter CaMV 35S and found that the overexpression of
DSX enhances oil synthesis in the Lavandula latifolia plants.

In the subsequent work Mundz-Bertomeu et al. (2007) investigated the possible contribution of the MVA pathway in the
biosynthesis of lavender essential oils. The transgenic plants of L. latifolia were created with the A. thaliana HMG1 gene that
encoding HMGRIS, the key enzyme involved in the first phase of the MVA pathway. The results showed that HMGR1S
overexpression increases the yield of essential oil (in particular, sesquiterpenes) and sterols. It confirms the involvement of the
MVA pathway in the biosynthesis of these compounds. The results of Lane et al. (2010) indicate that synthesis of precursors
can play a small role in the biosynthesis of sesquiterpenes, which justifies its very small fraction in lavender essential oil.

The production of transgenic plants with the overexpression of monoterpene synthases is a metabolic engineering approach
available to modify the composition and increase the yield of the essential oil in aromatic lavender species. Mundz-Bertomeu
et al. (2008) transformed L. latifolia with the Mentha spicata MsLS gene, which converts geranyldiphosphate to limonene, by
regulating the CaMV 35S. The authors found quantitative and qualitative changes in the profiles of terpenoids, in particular, an
increased amount of limonene, in transgenic plants with overexpression of the MsLS gene.

Metabolic engineering can also be used to modify the production of other secondary metabolites, not only the major
components of lavender oil.
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Binsinue OuonpenaparoB pu300aKTepUil HA yCTOHYMBOCTh K (PUTONATOreHAM M TOBAPHbIE Ka4ecTBAa KapTodesisi NpH
Pa3JIUYHBIX YPOBHAX MUHEPAJbLHOI0 MUTAHUSA
'Beperosas F0.B., 'Kporukos A.A., *[llankun B.M., *Benumos A.A.
'OpnoBckuii ToCyIapCTBEHHBIN arpapHbli yausepeuteT uMenn H.B. Iapaxuna, Open, Poccus
*®I'BHY Bcepoccuiickuii HHCTHTYT CENIBCKOXO3SHCTBEHHOM Mukpobronorun, Cankt-IletepOypr, Poccus
E-mail: juliemons@yandex.ru

[Motepu ypoxkas xaprodens ot 3aboneBanuii coctapisor ot 10 no 25%, a B roasl snuduroTnit MoryT nocrurars 80%. B
peLIeHUH JaHHOH ITpo0eMbl BaXKHEHIas poiib OTBOANUTCS pa3pabOTKe NHHOBAIIMOHHBIX TEXHOJIOTMH BO3AENBIBAHUS KYIbTYPHI,
HaTpaBJICHHBIX Ha TOBBIIICHNE YPOXKATHOCTH M TOBAaPHBIX Ka4eCTB MPOAYKINH. Vcronp30BaHNe OMOIOTHYECKHX MPernapaToB
SIBJISIETCS. OJIHMM M3 MEPCIEKTHBHBIX MPHEMOB CTUMYJILIMA HUMMYHHOH CHCTEMbI PAacTeHUl M OOpbOBI C MaTOreHHBIMH
MHUKpPOOPTaHH3MaMH.

OO0BEKTOM HCCIeNOBaHUH SBILWICS cOpT KapTodens [ama, palionupoBaHHBI 1o 3 peruony, cenekunn NORIKA GMBH. B
YCIOBUSIX NPOM3BOJCTBEHHOro ombita 2017 Toma wM3ydyaloch BIMSHHE OHONpENapaToB Ha OCHOBE IITaMMOB
pocTcTUMyIHpYIomuX puszochepHsix Oakrepuit Pseudomonas fluorescens SPB2137, Sphingomonas sp. K1B u Arthrobacter
mysorens 7 (Ouonpenapar MuU3oprH) Ha YCTOWYMBOCTh K (PUTONATOr€HAM M TOBapHBIE Ka4eCTBa KapToQesst B 3aBUCHMOCTH OT
JI03bl TPUMEHEHHUs1 XHUIKoro asotHoro ynoopenus KAC-32 (270, 200 m 160 n/ra). B Bapuantax C HCIOJIb30BaHUEM
O6monpenaparoB 103sl nporpaButenei [IpecTik ' MakcuMm OBIITM CHIDKEHBI B JIBa pa3a IO CPaBHEHHUIO C KOHTPOJIEM, Tl
JlaHHble (YHTULUABI PUMEHSJIMCh COIVIACHO YCTaHOBJIEHHOMY periameHty (3 u 1,2 ni/ra, coorBercTBeHHO). LllTamm Ps.
fluorescens SPB2137 u Mu3opuH ciocOOCTBOBAIN CHIDKEHHIO 3200JI€BAEMOCTH PACTeHHH, M X 3()(HEeKTHBHOCTH BapbHpOBaja
B 3aBHCHMOCTH OT BO30yauTelns Oone3sHH M MuHepanbHOro (oHa. Hanbomnee 3¢ ¢exkTHBHBIME JaHHBIE OHOIpenapaTsl ObLIH
npotuB puTodroposa. MakcuManbHbIN Ononorndecknit addekt odbecrnieunt mramm Ps. fluorescens SPB2137, mo3zsonuBmmit
YMEHBIIUTH NPOLEHT NOPAKEHHBIX (GUTO(TOPOH pacTeHUH B cpeaHeM B 3,5 pasa IO CpaBHEHMIO ¢ KOHTpoJieM. MH30pHH B
OoJIbIIIeHl CTEreHH MOBBICHII YCTOMYMBOCTD KapTO(ens K aJbTepHapHo3y, YMEHBIINB KOJIMYECTBO MOPAKEHHBIX PAacTEHHH Ha
16%. Kak npaBuiio, npu BHECEHUH BBICOKMX 1103 ynoOpenuss KAC-32 pacteHust ObUTM MeHee IO/IBEPIKEHBI 3a00JICBAHUSIM.
Taxoke Onmarofaps HCIIOJIB30BAaHMIO OHONpPENApaTOB YIYYIIWINCH TOBapHbIE KadecTBa KiIyOHei kaprodens. HambGombrmii
xo3stiicTBeHHbIH dQdekT okazan mramm Ps. fluorescens SPB2137 npu mMakcuManbHOM ypOBHE a30THOTO MHUTaHMS PACTEHHH,
KOTOPBIN YMEHBIIHII KOJIMYECTBO HECTAHJAPTHBIX KIIyOHEH B 2 pa3a OTHOCHUTEIHHO KOHTPOJIS.

Pabora momnepkana Poccuiickum HayaHbIM (hoHIOM (TIpoekT Ne 17-76-10039).

Influence of biopreparations of rhizobacteria on resistance to phytopathogens and commercial qualities of potato at
various mineral nutrition levels
'Beregovaya Yu.V.,, 'Krotikov A.A., *Shapkin V.M., “Belimov A.A.
'Orel State Agrarian University named after N.V. Parakhin, Orel, Russia
2All-Russian Institute of Agricultural Microbiology, St. Petersburg, Russia

Potato yield losses caused by diseases range from 10% to 25%, and in the epiphytoty years they can reach 80% (Safenkova et
al., 2014). For solving this problem, the development of innovative cultivation technologies aimed at increasing the yield and
improving commercial quality of products are the most important. The use of biological preparations is one of the promising
methods for stimulating the immune system of plants and fighting pathogenic microorganisms.

The object of the research was the potato variety Gala, selected by the NORIKA GMBH and regionally distributed in the 3-rd
region. Under the conditions of a field experiment in 2017, the influence of biological preparations based on plant growth-
promoting rhizosphere bacteria Pseudomonas fluorescens SPB2137, Sphingomonas sp. K1B and Arthrobacter mysorens T
(commercial biopreparation Mizorin) on the resistance to phytopathogens and commercial quality of potato depending on the
dose of applied liquid nitrogen fertilizer KAS-32 (270, 200 and 160 1/ ha) was studied. In all inoculation treatments the doses
of fungicides Prestige and Maxim were reduced by a half as compared to the control. Strain Ps. fluorescens SPB2137 and
Misorin contributed to a decrease in the incidence of plants, and their effectiveness varied depending on the causative disease
agent and mineral background. The biopreparations were the most effective against late blight. The maximum biological effect
was provided by the strain Ps. fluorescens SPB2137, which reduced the percentage of plants affected by phytophthora by an
average of 3,5 times in comparison with the control. Misorin increased the resistance of potatoes to an alternaria, reducing the
number of affected plants by 16%. As a rule, when applying high doses of fertilizer KAS-32, the plants were less susceptible to
diseases. The commercial quality of potato tubers was improved after application of biopreparations. The greatest economic
effect was obtained by the strain Ps. fluorescens SPB2137 at a high level of the plant nitrogen nutrition leading to the reduction
in the number of non-standard tubers by 2 times with respect to control.

The work is supported by the Russian Science Foundation (project Ne 17-76-10039).
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IIponyKTHBHOCTB M CTPECCOYCTOHYMBOCTh TPAHCTEHHBIX PACTeHUIl Tabaka
¢ KOHCTHUTYTHUBHOI1 3xcnipeccueii rena ARGOS-LIKE
'Bepexnesa 3.A., 'Kusses A.B., 'Muxaiinosa E.B., ’Epmonun A.A., 'Kynyes B.P.
'MacTHTyT GnoXumuu U renetuka Y OULL PAH, Y da, Poccus
*Vpanbckuii (penepanbHbli yausepeuret, Ekarepunbypr, Poccus
E-mail: berezhneva-z@yandex.ru

PazMepsl opraHoB pacTeHMH KOHTPOJIMPYIOTCS JBYMsSI OCHOBHBIMH MEXaHM3MaMU — peryIdlueil KIEeTOYHOro NeNIeHUS U
KJIETOUHOT'O PACTSKEHMSI, KOTOPBIE TECHO CBSA3aHbl Uepe3 pa3IMyHbIe CUTHAIBHBIE MOJIEKYNbl. PacTsbkeHHne KIIETOUHBIX CTEHOK
HAaXOOUTCS  IOJ  KOHTpOJNeM  OONbIION  Tpynmsl T'€HOB, B TOM  YHCJIE, KOOUPYIOUMX  OKCIAHCHHBI U
KCHJIOTJIFOKaHIHI0TPAHCTIIMKO3MIIa3bl, KOTOPhIE YYacTBYIOT B Pa3pbiBe CBS3EH MEXKIY LEJUIIONIO3HBIMH MHKPOMUOpHUILIIAMU U
csyromume nmkanaMu. [ed ARGOS-LIKE (ARL), BeineneHusii u3 A. thaliana, taxxke KommupyeT OeIKOBBIHA (hakTop,
KOHTPOJIMPYIOIIMH KIETOYHOE pPACTSDKEHHE. OKCIpecCcHsl AaHHOTO T'eHa CTUMYIHMPYETCS ayKCHHAMH, LUTOKHHUHAMH M|
OpaccHHOCTEpOHIaMH, U €T0 CBEPXIKCIIPECCHS] CTUMYJIMpPYET yBeIMdYeHHe OeikoBoro mpoxykra reHa 7CH4, komupyrommit
OJIHY M3 KCHJIOTIIOKaHIHI0TPAHCTIINKO3MIIA3.

OpHako, B €CTECTBEHHBIX YCIOBUSAX IPOM3PACTAHUS, PACTCHUS HHUKOIZA HE HAaXOMITCAd B ONTHMAIBHBIX YCIOBUSAX BIMSHUS
BHEIITHEH CpeJibl, U TOCTOSHHO HCIIBITHIBAIOT AEHCTBUE CTPECCOBBIX (PaKTOPOB pa3HOM CHIIBI M IPOJOIDKUTENLHOCTH. PoJIb TeHa
ARGOS-LIKE B perymiunud U OOECIIEYeHHH pOCTa PAcTEHHH TNpH JEHCTBUM TaKUX CTPECCOBBIX (DaKTOPOB Kak 3acyxa,
3aCOJICHHE M TUIIOTEPMHUS OCTAeTCsl MaJlon3y4eHHOU. [103ToMy, ¢ IenbI0 H3yueHHs IPOIYKTUBHOCTH U CTPECCOYCTOMYMBOCTH
pacTteHui, HaMH OBLIHM ITONYyYCHBI TPAHCTEHHBIE pacTeHHs Tabaka ¢ KOHCTHTYTHBHOW skcmpeccuedt reHa ARGOS-LIKE A.
thaliana. TpaHCTeHHBIE pPACTEHHUS XapaKTEPH30BAINCh YBEINYEHHEM pa3MEpPOB JHMCTHEB M CTEONIT 1O CPaBHEHUIO C
KOHTPOJIbHBIMH PacTEeHMSIMH Tabaka, MPH 3TOM KOHCTUTYTHBHAs SKCIIPECCHS JAHHOTO T'eHa OKa3bIBajla BIHMSHHE B OOJbIICH
CTEMEHU Ha KIIETOYHOE PACTSLKEHHE. Pe3ynbTaThl HAIIEro UCCIEN0BaHM MOKA3bIBAIOT, UTO NpH nomoiuu resa ARGOS-LIKE A.
thaliana moryT OBITh TOJyYEHBl TpPAHCI'CHHBIE PACTEHHS C YBEIWYEHHBIMU pa3MepaMH OpraHoB, 4YTO BIHMAET Ha
MIPOAYKTHUBHOCTh M CTPECCOYCTOHYMBOCTH pacTeHWil. Hanmpumep, AaHHBIA I'eH MOXKET OBITh HCIIOJIB30BaH JUIsl YBEIUYEHHMS
JUTMHBI cTeO1s, KOpHEH M BEIMYUHBI JINCTHEB, YTO MOXKET MMETh MPAKTHYECKOE 3HAYEHHE IS MOBBIMICHHS MPOXYKTUBHOCTH
pacTeHuil pyu JUIMTEIHHOM JISHCTBUH CTPECCOBBIX (haKTOPOB.

HccrenoBanne BHITOTHEHO ITpu (PMHAHCOBOH momaepkke rpanta POOI Ne 18-04-00118.

Productivity and stress resistance of transgenic tobacco plants with constitutive expression
of the ARGOS-LIKE gene
'Berezhneva Z.A., 'Knyazev A.V.,, '‘Mikhaylova E.V., *Ermoshin A.A., 'Kuluev B.R.
nstitute of Biochemistry and Genetics UFRC RAS, Ufa, Russia
Ural Federal University, Ekaterinburg, Russia

The sizes of plant organs are controlled by two basic mechanisms - the regulation of cell division and cell expansion, which are
closely related through various signaling molecules. The expansion of the cell wall is under the control of a large group of
genes, including those that encode expansins and xygloglucanendotransglycosylases, which participate in breaking of the
bonds between cellulose microfibrils and binding glycans.

The ARGOS-LIKE gene (ARL), isolated from A. thaliana, also encodes a protein factor that controls cell expansion. Expression
of this gene is stimulated by auxins, cytokinins and brassinosteroids, and its overexpression stimulates an increase in the
protein product of the TCH4 gene, encoding one of the xyloglucanendotransglycosylases.

However, in nature plants are not under optimal environmental conditions, and are constantly exposed to stress factors of
various strength and duration. The role of the ARGOS-LIKE gene in regulating and promoting plant growth under such stress
factors as drought, salinity and hypothermia remains poorly understood. Therefore, in order to study the productivity and stress
tolerance of plants, we have obtained transgenic tobacco plants with constitutive expression of the ARGOS-LIKE A. thaliana
gene. Transgenic plants were characterized by an increase in the size of leaves and stem compared to control plants of tobacco.
The results of our study show that transgenic plants with increased size of organs can be obtained using ARGOS-LIKE gene of
A. thaliana It affects the productivity and stress tolerance of plants. For example, this gene can be used to increase the length of
the stem, the roots and the size of the leaves, which can be of practical importance for increasing the productivity of plants
with prolonged action of stress factors.

The reported study was funded by RFBR according to the research project Ne 18-04-00118.
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CoBpeMeHHBIE TOXO0AbI K MOMCKY MeTA00JIMTOB IPHOOB 1151 00PHOBI ¢ BPeTHBIMH YICHHCTOHOTHMH
Bepecrernxuit A.O.
Bcepoccuiickuii HaygyHO-HCCIeI0BATeIBCKIN HHCTUTYT 3aIuThl pacTenuii, Cankr-IlerepOypr, Poccus
E-mail: aberestetskiy@vizr.spb.ru

Buopanmonanbable WHCEKTHINABI (HalpuMep, aBepMEKTHHBI, HEOHWKOTHHOWIBI W MUPETPOUJIBI), SIBILSIFOIIMECS aHaJIOTaMH
IIPUPOJHBIX COCMHEHNH, MOTYYMIIN IIUPOKOE IPUMEHEHHE B CEIbCKOM X03siiicTBe. OJTHAKO B CBS3U C MOSIBICHUEM ITOIYJIALINH
BPEIHBIX HACEKOMBIX, PE3UCTEHTHBIX K OTHM M JAPYTMM WHCEKTHIUAaM, HEOOXOJUM TMOUCK HOBBIX BEIIECTB JUISi CO3JIAHUS
npenaparoB Juisi OopbObl ¢ HUMH. B noknane OyayT paccMOTpEHBI COBPEMEHHBIE ITOJIXOABI (IKOJIOTMYECKHE, T'€HOMHEIE,
METabOJIOMHbBIC, OMOTEXHOJIIOTHYECKHE), KOTOPBhIC SIBISIOTCS MEPCIEKTUBHBIMU JJIsl TOWCKAa HOBBIX WHCEKTHIMIHBIX
COeIMHEeHUi, 00pa3yeMbIX MHKpomHleTamMu. HecMOTps Ha IIMPOKHMH HAa0Op BTOPUYHBIX META0OJMTOB, BBIJICICHHBIX U3
KyJIbTYp SHTOMONATOT€HHBIX I'PHOOB, WX WHCEKTHUIHMIHAS AaKTHBHOCTh M POJIb B IATOr€HE3€¢ B OONBIIMHCTBE CIydYaeB HE
JIOKa3aHbl; IOYBEHHBIE, SHAO(UTHBIE U (UTONATOTEHHBIE MUKPOMUIIETHI, @ TAKKE MAKPOMHIIETHI MOTYT CIIYy>KHUTb HCTOYHUKOM
TIOVCKa WHCEKTHUIMIHBIX COCIMHEHHH; T'€HOMHbBIE METOIbI MOJE3HBl JUIS MpelICcKa3aHus o0pa3oBaHWS TpHOAMU TPy
MeTtabomuToB in silico, HO TpeOylOT BepuUpHUKANNK; OHOTEXHOJOTHYCCKHE W METaOOJIOMHBIC MOIXONBI MOTYT OBITh
WCIIONIb30BaHBI JUISI CTUMYJISILIMK M aHAJIN3a 00pa3oBaHusl rpuOamMy HOBBIX OMOJIOTMYECKH aKTHBHBIX BEIIECTB, B TOM YHCIE, C
WHCEKTHIUIHBIME cBoMcTBaMu. Mccnenosanue momiep:xkano PODU (mpoekt Ne 17-04-01445).

Modern approaches in searching fungal metabolites for control of insect pests
Berestetskiy A.O.
All-Russian Institute of Plant Protection, Saint-Petersburg, Russia

Biorational insecticides (for instance, avermectines, neonicotinoids, and pyretroids) being analogues of natural compounds are
widely used in agricultural practice. However with increasing resistance of pests to these and other conventional insecticides
the development new biorationals is an actual problem. In the present review, different modern approaches (ecological,
genomic, metabolomics and biotechnological) in mining new insecticidal molecules with insecticidal activity produced by
fungi are discussed. Despite of isolation of huge number of metabolites from cultures of entomopathogenic fungi, the
insecticidal activity was demonstrated just for several compounds; soil, endophytic, phytopathogenic fungi as well as
macromycetes is an underexplored source for insecticidal substances; genomic methods are useful to predict in silico
production of groups of metabolites by a particular fungus with a sequenced genome but the results require the verification;
biotechnological and metabolomics approaches can be used for stimulation and analysis of production of fungal metabolites
including compounds possessing insecticidal activity. The research is supported by RFBR (project N 17-04-01445).
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H3yyenne pyHKIMOHAIBLHOI poju A9-1ecaTypa3bl B 3aBHCMMOCTH OT BHYTPHKJIETOYHOMH JIOKAIN3allUH B
pPacTUTEJbLHOI KJIeTKe ¢ HCIO0JIb30BaHeM TPAH3MEeHTHOI 3KCIpeccuu
BbepectoBoit M.A., ITaBnenko O.C., Tropun A.A., Cunopos P.A., TonaenkoBa-Ilasnosa M.B.
®DenepanpHOE TOCYAAPCTBEHHOE OIODKETHOE yupexaeHue Hayku MactutyT dusnonornn pacternid uM. KA. TumupsizeBa
PAH, Mocksa, Poccus
E-mail: m.berestovoyl181@gmail.com

Knerounast noxanu3anust O€NKOB y BCEX JKMBBIX OPraHM3MOB TECHO B3aWMOCBsi3aHa ¢ X (yHKuusMu. [lomydenue
HKCIIEPUMEHTAJIbHBIX JIAHHBIX O B3aMMOCBSI3U JIOKAJIM3aLUK OejKa U ero (QyHKIMOHAIBEHON 3()(EeKTUBHOCTH, MOXET OKa3aTb
HCOUCHUMYIO IIOMOIIb B IIOHMMaHUHW PETYIAINU KITHOYCBBIX OMOJIOTHYECKUX IMPOIECCOB Ha KIETOYHOM YPOBHE. Ha
CGFOI[HHIHHI/Iﬁ JCHb UMECTCS HCOAOCTAaTOYHO AAaHHBIX TOM, KaK JIOKaJIM3alusd A9-L[ecaTypa31)I B Pa3JIMYHBIX KOMIIAPpTMEHTaxX
pacTHTENBFHON KIETKM B3aMMOCBs3aHA ¢ €€ (DyHKIHMOHATBHOW 3((EKTUBHOCTBIO, a MMEHHO, C TPOIECCOM MOMYJIALUH
HEHACHIIIEHHOCTH KUPHBIX K0T (JKK) MeMOpaHHBIX TUIIHIOB pacTeHUH. [y IpOsSICHEHHSI 3TOTO BOIPOCA, MBI MOMBITAIIICH
OLIEHHTH Kak cocTaB U MaccoBas noiist KK n3Mensiercst mpu sKcnpeccuu iecatypasbl B pa3HbIX KOMIAPTMEHTaX PACTHTEILHOM
kietku. Vcrons3ysl yHH(UIMPOBAHHBIE SKCIIPECCHOHHBIE BEKTOpa Ul TPAH3WEHTHOH SKCIPECCHHM B PACTEHHSX, HECYIHe
MOCJIEI0BATEILHOCTH HAaTHBHOTO M PEKOMOMHAHTHOTO reHa A9-necarypasbl W JHMIEpPHBIC TOCIIENOBATENEHOCTH ISl Pa3HOM
JOKaJIM3anueil ero OEJIKOBOrO MpOJyKTa B IMTOIUIA3Me, Xjopomtactax v OP nHamm (1) nokazaHo, 4TO JMIEpHBIC
MOCJIE0BATEILHOCTH  O0ECIIEUMBAIOT KOPPEKTHYIO JIOKQJIHM3alMI0 OENKOBOTO IPOAYKTa PEKOMOWHAHTHOTO TeHa B
COOTBETCTBYIOIIMX KOMIIAPTMEHTaX PACTUTEIBHOW KIETKH: B XJOpolulactax, B OP u B muromnasme; (2) yGemuternbHO
MIPOJEMOHCTPHPOBaHA PETHOCHENN(HUIHOCTh TETEPOIOTHYHON A9-7mecaTypa3ssl B 3aBHCHMOCTH OT €€ JIOKQJIM3alud B
pacturtensHOU KieTke; (3) omeHeH BKiIag A9-mecarypassl B COCTaB M MAacCOBYIO OO HACHIIIEHHBIX M HEeHachIIeHHBIX KK
CYMMapHBIX JIMITH/IOB, U YCTaHOBJIEHO, YTO 3TH ITOKa3aTeIM MIPU pa3Hol Jokannu3aun A9-necaTypassl B paCTUTENIBLHON KIIETKE
paznuyarorcs; (4) mokasaHo, YTO METOJ| TPAH3UEHTHOM 3KCIPECCHH MOKET OBITh IIPUMEHEH /U H3yUEeHUs! BKJIA/Ia IecaTypas B
MOAYJISALUIO )KUPHOKUCIIOTHOTO COCTaBa MEMOpPaHHBIX JIMITHIIOB pacTeHuil; (5) mpemioxeHa ynoOHas, ObICTpas U HaJeKHas
cUCTeMa TPaH3UEHTHOM OSKCIPECCHM T'€HOB, IEPCIEKTHBHAs JUIS XapaKTEPUCTUKU CHUTHAJIBHBIX IIOCJIENOBATENbHOCTEH H
OLICHKH JIOKQJIM3allMM LEJIEBbIX OENKOB B PACTUTEIBHOW KIETKE, MPOTOKOJN KOTOPOH BKIIOYAET arpOWH(UIBTPALUIO C
MOCJIEAYIOIMM TI0JIydeHHUEM IPOTOIIACTOB W3 arpOMH(HIBTPUPOBAHHBIX YYACTKOB JIMCThEB. TakuM 00Opa3oM, MOJIy4YeHBI
MIPUOPUTETHBIE pPEe3yNbTaThl 0 cocTaBe W MaccoBoil gomm JKK, B 3aBHCHMOCTH OT JIOKAIH3AIHWN TETEPONIOTHIHON A9-
JiecaTypasbl B paCTUTEIBHON KIIETKE.

Transient gene expression in the study of the functional role of A9-desaturase for various intracellular localization in
the plant cell
Berestovoy M.A., Pavlenko O.S., Tyurin A.A., Sidorov R.A., Goldenkova-Pavlova I.V.
Institute of Plant Physiology, Russian Academy of Sciences, Moscow, Russia

Cellular protein localization in all living organisms closely correlated with their functions. Obtaining experimental data on the
relationship between protein localization and its functional efficiency can help in understanding the regulation of crucial
biological processes at the cellular level. To date, there is insufficient data on how the localization of A9-desaturase, in various
plant cell compartments, is interrelated with its functional efficiency, in particular, with the modulation of fatty acids (FA)
unsaturation of plant membrane lipids.

To clarify this issue, we carried out a comparative study of estimation changes in FA composition and mass fraction when
desaturase expressed in different compartments of the plant cell. Also, how amount and content of FA, depends on the
localization of desaturase. We used unified expression vectors for transient expression in plants, carrying the sequences of the
native and recombinant A9-desaturase gene and leader sequences for different localization of its protein product in the
cytoplasm, chloroplasts, and ER.

We have proved that the leader sequences ensure the correct localization of the protein product of the recombinant gene in the
corresponding the plant cell compartments: in chloroplasts in ER and the cytoplasm. The results obtained that the
regiospecificity of heterologous A9-desaturase convincingly demonstrated dependence on its localization in the plant cell. We
estimated the contribution of A9-desaturase to the composition and the mass fraction of saturated and unsaturated FAs in
different membrane fractions, and value of these indices differ from each other. We showed that the method of transient
expression could be used to study the contribution of desaturases to the modulation of the fatty acid composition of membrane
plant lipids. The proposed system of transient gene expression is convenient, fast and reliable. The system is promising for the
characterization of signal sequences and estimation the location of target proteins in the plant cell. The protocol of the system
includes agroinfiltration followed by the extraction of protoplasts from agroinfiltrated leaf areas.

Thus, we obtained priority results on the composition and mass fraction of the FA, depending on the localization of
heterologous A9-desaturase in the plant cell.
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HavanbHble 3Tanbl KJIOHAJIBLHOT0 MUKPOPAa3MHOKEHHSI HUTPYCOBBIX GAIIKUPCKOIi ceJIeKIUU
“2Bunanosa D.I"., 'Cagpikosa @.B., *MummMyparosa M.M.
'TBIIOY «Y puMckuii necoTexHnueckuii Texuukym», ¥ da, Poccus
2®I'BOY BO «bamkupcKuii rocyaapcTBEHHBIN YHUBEpCHTET», Y da, Poccus
E-mail: bilalova77@mail.ru

B rtemmie kpyriaorogudHoro necTBus yueOHo-onbITHOrO Xo3sicTBa I'BIIOY «Y GHMCKOro 1ecOTeXHHYECKOro TEXHHKYMa
(Yumckuii nmumMoHapuii) BBIPAIIIMBAIOTCS CO3JAHHBIC 37IeCh copra JuMoHa YpmaHn, Canapat, JleiicaH u copra IUTpPOHA
VYpanray u 3unsd, BHeceHHble ['occopTkomuccueil Poccuiickoit @enepaunu B I'ocpeectp. Ot copra SBISIOTCA KIOHAMU COpTa
mumoHa IOOuneitnsiit. Opurunaropom coproB spistercs @.B. CagpikoBa. Cobpan Oomnbinoi (akTudeckuit marepuan Io
0COOEHHOCTSIM OMOJIOTHH BBIPAIIMBAHUS IEPEUNCICHHBIX COPTOB B YCIOBUAX 3aKpPHITOro rpyHTa. HawaTel mccienoBaHus Mo
KJIOHAJIbHOMY MHUKPOPa3MHOKEHUIO in Vitro 5TUX COPTOB.

Ilens paboTel - pa3pabOTKa MPOTOKOJIOB KIOHAIBHOTO MHKPOPA3MHOXKEHHMS N Vifro IUTPYCOBBIX OAIIKHMPCKOW CEJIEKIHH.
OOBeKTaMM MCCIE0BaHMS SBISUINCH JTUMOH - copra Jlelican u CanaBar, a Takke IUTPOH - copra Ypanray. /{1 BBeneHus B
KyJBTYPY in Vitro NCTIONb30BAIN MOJIO/bIE TIOOETH TEKYIIEro rojia BereTauy 27-Mu JETHUX PACTeHUH. B KadecTBe 3KCIUIaHTOB
UCIIONIb30BAJIM CETMEHTBI MOJIOJBIX 1M0OeroB (y3ibl) pasMepoM 5-6 MM M CeMeHa M3 IUIOJIOB pa3HOil CTENEHU 3pEOoCTH.
JlpoOHasi crepwim3anysi pacTUTENBHOIO Marepualia BKIIIOYajia: IPOMBIBKY B MBUIBHOM pacTBope; obpabotky 1,0-% p-pom
«OpmImMaHT» ¢ sKcno3unuen 5-10 muH.; 06padotky 0,1-% p-pom nuamuaa ¢ sxcrnosuimeit 25 Mut.; 06pabotky 0,05-% p-pom
XJIOpreKCUArHA ¢ dKcro3umuen 15 muH. Ilocne KaxIoro sTamna CTepUiIM3aliy 3KCIUIAHTH TPUKIIBI IPOMBIBAIN CTEPUIIHHOM
JTUCTIIUTNPOBAaHHOM Bonoil. Ilepen mocankoil Ha MUTATENbHYIO Cpely SKCILTaHThI oOpabareBamm 10,0-% cTepuibHBIM p-pom
ACKOpOMHOBOHN KHCIIOTHI B TEYEHHE 5 MHH. B HEKOTOpBIX BapHaHTaxX OMbITA IS CTEPUIIN3AINN SKCIUIAHTOB MCIIOJIB30BAIN P-P
«momectocay U 96,0-% p-p srtanoma (dkcmosumms 10 — 30 c¢). B KkadecTBe MNHTATENBHOW CpENBI HCIIONB30BAIH
MOAMGHUINPOBAHHYIO NHUTATEeNbHYIO cpeny Mypacure-Ckyra ¢ ropMmoHansHbIMH noOaBkamu BAIT m HYK B pasmuunbix
kouneHrparmax (0,1 —1,0 mr/m), pH 5,5-5.8 ¢ nobaenenmem 10 r/m arapa, 25 r/m caxapos3sl. K HacTosiiemy BpeMEHHU
O0TpaboTaHbl JTambl CTEPHJIM3ALMU OSKCILUIAHTOB. O(QEKTHBHBIM O0Ka3aJloch HCIOJb30BAaHUE p-pa «OpPWIIMAHT» C
MOCTIEAYIONUM TIPUMEHEHHEM p-pa 3TaHona. [IpoBeaeHBI CpaBHUTEIBHBIC HCCIICAOBAHMS PA3BUTHS SKCIUIAHTOB, POCTa U
Pa3BUTHUS paCTEHHUH B YCIOBHSIX in Vitro, U3y4eHO BIUSHHUE TPO(YUUECKUX U TOPMOHAIBHBIX (PAKTOPOB MHUTATENBHOI Cpelbl Ha
MIPOLIECCHl MYNIBTUILTHKAINK TT00eroB. VcciaenoBaHHbIe cOpTa JMMOHA M IUTPOHA NP KyJIGTHBUPOBAHUH B YCIOBHSX N Vitro
COXPAHSIOT COpTOCIENU(UYIHBIE MPU3HAKKA (YHCIO MOOEroB, YHCIO M pa3Mephl JINCTHEB, pa3Mephl KOPHEBOW CHCTEMBI) H
pa3INyaroTCs 1Mo TeMITaM Pa3BUTHSL.

Clonal micropropagation of citrus of bashkir selection inititation phases
'“Bilalova E.G., 'Sadykova F.V,, *Ishmuratova M.M.
'Ufa Forestry Technical School, Ufa, Russia
*Bashkir State University, Ufa, Russia

In all-year activity greenhouseof scientific-experimental farm of the "Ufa Forestry Technical College" (Ufa lemonarium)there
are under cultivationthe developed here and put into the State Register by the State Committee of the Russian Federation such
lemon cultivars asUrman, Salavat and Leysan and such citron cultivars as Uraltau and Zilya. Suchcultivars are clones of the
lemon cultivar Jubilee. The originator of cultivars is F.V. Sadykova. Many factual materials about cultivation
particularitiesofmentioned cultivars in nursery conditions were collected. Investigationsof clonal micropropagation in vitro of
such cultivars were started. Work objective: development of clonal micropropagation protocols in vitro of the Bashkir selection
citrus. The subjects of the study were lemon-varieties Leysan and Salavat, as well as citron - the variety of Urtaltau. For
introduction into culture in vitro, young shoots of the current year of vegetation of 27 summer plants were used. Segments of
young shoots (knots) of 5-6 mm in size and seeds from fruits of different degree of maturity were used as explants. Fractional
sterilization of plant material included: washing in soapy water; treatment with 1,0-% r-rum "diamond" with an exposure of 5-
10 minutes; treatment with 0.1% r-ri of diacid with an exposure of 25 min.; treatment with 0.05% r-chlorhexidine with an
exposure of 15 min. After each sterilization step, the explants were washed three times with sterile distilled water. Before
planting on the nutrient medium, the explants were treated with 10.0% sterile ascorbic acid for 5 minutes. In some variants of
the experiment, the "domestos" solution and 96.0% ethanol solution (exposure 10 - 30 s) were used to sterilize the explants. In
the quality of nutriculture mediumwas used the modified nutriculture medium Murashige-Skuga with hormonal filling agent of
BAP and NAA in various concentrations (0.1-1.0 mg / L), pH 5.5-5.8 with 10 g/ 1 of agar, 25 g/ | sucrose. To date, the stages
of sterilization of explants have been worked out. Effective was the use of r-ra "diamond" followed by the application of
ethanol. Comparative studies of the development of explants, growth and development of plants under in vitro conditions have
been carried out, the influence of trophic and hormonal factors of the nutrient medium on shoot shoots has been studied. The
studied varieties of lemon and citron during cultivation under in vitro conditions retain varietal characteristics (number of
shoots, number and size of leaves, size of the root system) and differ in the rate of development.
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Hosbiii iuramm Bacillus subtilis 26 1CryChS ¢ mHCeKTHIINAHOI U (PYHIMCTATUYHOI AKTUBHOCTHIO
bnaroga /I.K., Makcumosa T.U., Capsaposa E.P., Becenosa C.B., Makcumos U1.B.
Huctutyt onoxumuu u renetuxku YOUIL PAH, Yda, Poccust
E-mail: maksimov@ufaras.ru

[Tonyuena n oxapaktepu3oBaHa HoBast TuHUS Oakrepun Bacillus subtilis 26[1CryChS ¢ unTerpnpoBaHHbIM TeHOM Bicrylla w3
reHoma Bacillus thuringiensis BKIIM B-5351, xomupyrommMm uHCeKTOTOKCHUHBIH Oenok Crylla. Jluams oGmanana
(YHTUIMCTaTUYHOCTHIO TI0 OTHOIICHWIO K (UTONaroreHHoMy rpuly Stagonspora nodorum Berk. m crmocoOHOCTBIO
CTHMYJIMPOBAaTh JKCIIPECCUIO0 MapKEpPHBIX T'eHOB cucrteMHol ycronumBoctu (Taprl, TaPrx, TaPI, w TaChil) xoaupyrommx
naroreH-uHaAynupyemeie 6enku (PR-6enxum) mmennier, kak PR-1 (Mapkep cucremHoil yctoitumBoctr), PR-9 (aHnonnas
MepoKcuaa3a) UHrMOUTOPHI IPOTENHA3 U XUTUHA3y. MHTerpanus rena Btcrylla B Xxpomocomy B. subtilis 26]1 nOTONTHUTENHHO
crocobcTBOBaa (POPMHUPOBAHMIO WHCEKTHIUAHOCTH TI0 OTHOIICHHIO K OOBIKHOBEHHOW 3JaKOBOH Tie Schizaphis graminum
Rond. Otu pe3ynprartel mO3BOMAIOT TpeaioxkutTs TuHHIO B. subtilis 26/ICryChS B kagectBe 3()(eKTHBHOH OCHOBBHI IS
co3maHusl OMompenaparoB, OONANArOMMX OHOIMIHOM aKTHBHOCTBIO 110 OTHOIIGHWIO K BPEAHBIM OpraHu3MaM M|
NMMYHOMOJYJIMPYIOIIEH K PaCTEHHSIM IIICHHUIIBL.

The new strain of Bacillus subtilis 26DCryChS with combines insecticide and fungistatic activities
Blagova D.K., Maksimova T.I., Sarvarova E.R., Veselova S.V., Maksimov 1.V.
Institute of Biochemistry and Genetics of UFRC RAS, Ufa, Russia

The novel strain of Bacillus subtilis 26DCryChS that produces the Bacillus thuringiensis B-5351 integrative Btcrylla gene
encoding Crylla toxin was described. B. subtilis 26DCryChS inhibited growth of wheat pathogen Stagonospora nodorum
Berk. and stimulated transcriptional activity of wheat genes Taprl, TaPrx, TaPI and TaChil encoding systemic acquired
resistance marker gene PR1, anionic peroxidase PR-9 proteinase inhibitor and chitinase respectively. The toxicity of B. subtilis
26DCryChS against greenbug Schizaphis graminum Rond. was equivalent to B. thuringiensis B-5351. The results make it
possible to offer strain B. subtilis 26DCryChS as a basis for further development of plant biopreparation against harmful
organisms such as pathogens and pests.
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Bansnue konnenrpanuun UMK Ha pusorenes pacrennii BuHorpajaa coprta Ilo6ena n Pusamar
'BoGomkanosa X.U., *Kyxapunk H.B., 'Xautos A.E.
'TaUKMKCKUI HAIIMOHATLHBIN YHUBEPCHUTET, T. Jlymante, Ta/uKMKHCTaH
*PVYTI "Inonosoxctea", Camoxsanosnun, PecrryOmka Benapych
E-mail: bobojankh_7@bk.ru

[TpencTaBieHsl fnaHHBIE 1O OLEHKe BiIMsHMA KoHUeHTpanun VMK Ha pusoreHes in vitro MEKponoOeros BHHOTpaza copra
Puzamar n IloGenma. [lns pusoreHe3a HCIONB30BAIM MHUKPONOOErdn JUIMHOW 1-2 cM, mpoleamue IMepuoi MOKOs IpH
MIOHI>KEHHOH ToNIoXuTeNbHOM Temneparype. Oueneno BiausHue UMK (0,5 u 1,5 mr/i; korTposs — 0 Mr/i) Ha 3¢ peKTHBHOCTH
pusoreneza. Mopdomornueckue XapakTepUCTHKH MHKpornoderop ¢ukcupoBaid Ha 15, 30 u 45 cyrku. IIporeHT
YKOPEHUBIINXCSI pacTeHUH-pereHepaHToB Ha 15 neHb pa3BuTHs HU3KUI u cocraBisier 20% Ha cpene 6e3 UMK mis obounx
HCCIIEZIOBAaHHBIX COPTOB BUHOTPA/a. 3HAYMTENBHYIO YacTb IIPU 3TOM COCTABIIAIOT PAacTEHHs 0€3 pocTa HE TOIBKO KOPHEH, HO H
0OEroB, MPOIIEHT YKOPEHEHHBIX PACTEHUH yBEIHUYUBAcTCS B 45-My 1HIO pa3BuTus. [1onoOHast 3aKOHOMEPHOCTh HAOIIOAAeTCS
n nipu KoHneHTparu UMK - 0,5 mr/in. Belcokuii poIieHT HEyKOPEHEHHBIX pacTeHUi HaOroaeTesl B MUTATENBHON cpene 6e3
UMK 66,7% — Puzamar; 73,3% - [ToGema. ITOT mokasarens CHUXKaeTcs K 45-mHi0 pa3sutwst U cocrasiser 53,3 u 33,3% mns
copra [lobena u Puzamar coorBerctBenHo. K 30-My mHIO pa3BUTHS pacTeHHs] JOCTHIalOT MaKCUMaJbHOTO pu3orenesa — 93,3
% 1 100% nuist copra Puzamar u [loGena, coorBercTBeHHO, pH KoHIeHTpaunu UMK — 1,5 mr/n. Takas cutyanus coxpaHsiercs
U K 45-My JAHIO pa3BUTHS, YTO OINpeNeNsieT ONTUMAIbHYIO JUIMTENbHOCTh Iacca)ka PH30TeHe3a M CPOK Iepecaakd Ha
ananranuio — 30 nHeil. Mopdonornueckue MokKasareld YKOPEHEHHBIX pacTeHWil Ha pas3HbIX KoHleHTpauusix MK
3HAYUTENBHO OTIMYaroTCs. KoanmuecTBo KOpHEH OTIMYaeTcsl MPU BCEX TPEX UCCieNoBaHHBIX KoHUeHTpauusax UMK kak st
copta Pmsamar, tak u mia [lobGempr. [Ipm 3TOM MakcHMallbHOE WX KOJMYECTBO OTMEYAeTCS HPH KOHIEHTpanuu 1,5 mr/m.
IIpuuem anst copra Pusamar TeHOeHLUS yBEMTUYEHUS KOIMYECTBA KOPHEH COXpaHAETCS U MO MEPE Pa3sBUTUS pacTEHHs MpU
Bcex koHmeHtpanusx WMK. Ins copra [lobema yBenmyeHne KONMMYecTBAa KOpHEH Takke oTMmedaercs K 45 IHIO mpH
KOHIIeHTpauuu 1,5 mr/m.

Takum o6pa3oM, ycTaHoBjeHO BiusiHUE KoHueHTpauun VIMK Ha pusoreHes u Mopdosiornyeckre mokasareian YKOPEHEHHBIX
pactenuii coptoB BuHOrpaza Puzomar u IloGenma, a Takke HEOOXOMUMOCTH TMOAOOpA HWHIWBUIYaTbHBIX KOHIICHTpAITUH
AyKCHHOB U JUINTEIFHOCTH PU30T€HEe3a I COPTOB BUHOTPAA.

Influence of the concentration of indolyl butyric acid on the rhizogenesis of grape varieties Pobeda and Rizamat
'Bobodzhanova Kh.I., 2Kukharchyk N.V., 'Khaitov A.E.
'Tajik National University, Dushanbe, Tajikistan
*Institute for Fruit Growing, Samokhvalovichi, Belarus

The data on evaluation of the influence of concentration indolyl butyric acid on the in vitro rhizogenesis microshoots grapes
Rizamat and Victory has been presented. Micropiles of 1-2 cm length which passed the rest period at a lower positive
temperature were used for rhizogenesis. The effect of indolyl butyric acid (0.5 and 1.5 mg/l, control - 0 mg/l) on the efficacy of
rhizogenesis was evaluated. Morphological characteristics of micro-races were noted on days 15, 30 and 45. The percentage of
entrenched regenerating plants on the 15th day of development is low and is 20% in the environment without indolyl butyric
acid for both investigated varieties of grapes. A significant part of this is made up of plants without the growth of not only the
roots but also shoots, the percentage of rooted plants increases on the 45th day of development. A similar pattern is observed
with the concentration of indolyl butyric acid - 0.5 mg/l. A high percentage of rootless plants is observed in a nutrient
environment without indolyl butyric acid 66.7% - Rizamat; 73.3% - Pobeda. This indicator reduces to the 45th day of
development and is 53.3 and 33.3% for Pobeda and Rizamat, respectively. By the 30th day of development, the plants reach
the maximum rhizogenesis - 93.3% and 100% for the Rizamat and Pobeda varieties, respectively, at an indolyl butyric acid
concentration of 1.5 mg / 1. This situation is also preserved by the 45th day of development, which determines the optimal
duration of the rhizogenesis passage and the period of transplantation for adaptation - 30 days. Morphological indices of rooted
plants at different indolyl butyric acid concentrations are significantly different. The number of roots differs for all three
concentrations indolyl butyric acid studied for both Rizamat and Pobeda varieties. At the same time, the maximum amount is
observed at a concentration of 1.5 mg/l. Moreover, for the Rizamat variety, the tendency to increase the number of roots is
persists as the plant develops at all concentrations of indolyl butyric acid. For the 3uuyBd variety, the increase in the number
of roots is also noted by day 45 at a concentration of 1.5 mg/1.

Thus, the influence of the concentration of indolyl butyric acid on the rhizogenesis and morphological indices of rooted plants
of the Rizomat and Pobeda grapes has been established, as well as the need to select individual auxin concentrations and the
duration of rhizogenesis for grape varieties.
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Bimnsaane NaCl-3acojieHHs1 Ha aHATOMO-MOP(}OT0rHYecKre XapaKTePUCTHKHU KJIETOK KOPHS TOMATA B YCJIOBHAX
3acoJIeHNs in vitro
“2Boroyraunosa JI. P, *bapanosa E.H., *bapanosa I. b., »*Cmupnosa E.A., "*Xanunyes M. P.

'®I'BHY Bceepoccuniickuii HayIHO-HCCIEN0BATENBCKHI HHCTUTYT CEMbCKOX03CTBEHHOM 6roTeXHOMOTAN, MockBa, Poccus
2 ®I'bOY BO Poccwuiickuii rocynapCTBEHHEBIH arpapubii yausepcuteT — MCXA nvenu K. A. Tumupssesa, Mocksa, Poccnst
*MockoBckuit TocyaapcTBenHbIi yHuBepcuteT um. M.B. JlomonocoBa, Mocksa, Poccust
E-mail: bogoutdinova_Ir@rambler.ru

OJHUM M3 OCHOBHBIX a0MOTHYECKUX CTPECCOB, OIPAaHMYMBAIONIMX MPOMU3BOJICTBO CEIHCKOXO3SHCTBEHHBIX KYJIBTYp BO BCEM
MHDE, SBIIseTCs 3aconeHue. [IepBbIM OpraHoM pacTeHus, KOTOPBIN CTaJKUBAECTCS C TOYBEHHBIM 3aCOJICHUEM, SIBIISICTCS KOPECHb.
Lenbio MccnenoBaHus SBJSUIOCH M3YUEHHE BIMSHUS XJIOPHUIHOTO 3aCOJCHUS in Vitro Ha MOP(OJIOTrHI0 KIETOK KOPHS ABYX
TeHOTHNIOB ToMata (Solanum lycopersicum L.), pa3nn4aioniuxcs 1Mo coieycToRInBOCTH. OOBEKTOM HCCIIEIOBAHUS CITYKIITH
MIPOPOCTKH KOHTPACTHBIX MO YCTOWYMBOCTH K 3aCOJCHUIO TeHOTHIIOB ToMara (muHus 1JID u copt Pexopacmen). IIpopoctku
KyJIbTHBUPOBAIM B TEUEHHE 8 CYTOK Ha NMUTATEIbHOW cpene MS s MHIYKIMHM pHU30TeHe3a ¢ J00aBICHHEM Ppa3IMdHBIX
KOHIIGHTpaMi XJIOpUAa HATpHs, MOCIE Yero Pa3BHUBIINMECS KOPHH (DMKCHPOBAIN Ul MPOBEACHHS CBETOBOH MHKPOCKOITHH.
JliMHa KJIETOK KOMyMEJUIl M dIHJepMuca KopHeW m3MeHsiach npu podainennu NaCl B mutarenbHyro cpeny. Tak, mpu
noBbinienun kKonneHtpanuu NaCl B nuratensHol cpene y Tomara nuHuK S1JI® ycraHOBneHO nByX(a3HOe U3MEHEHUE IJIHHBI
KJIETOK C yBenuueHueM nokasarens npu 25 u 150 MM NaCl y snunepmanbhbix kietok, u npu 50 u 150 MM NaCl y knetok
komymesubl. [loxoxkast TeHAeHIHMs OTMEUEHa y KJIETOK KOJyMeNJIsl ToMara copTa PekopacMeH, y KOTOPOTo MOBBIIICHHUE UTHHBI
KJIeTOK Habmromanock npu coxepxkannn 50 u 150 MM NaCl B nurarensHOHU cpene (kak u y auHuA AJID). YBenmndaeHus IJTHHBI
KJIETOK 3MMAepMuca y copra PekopcMeH 1o CpaBHEHHIO ¢ KOHTpOJIeM OOHapyXeHO He Obuto. B pesymprare mcciemoBaHMS
YCTAHOBIIEHBI Pa3IMyMsl 10 U3MEHEHUIO IUIOIAAN KJIETOK KOpbl M IEHTPAIbHOIO LMIHHApPA MEXIy ABYMs reHorunamu. Tak,
YMEHbIIEHNE IUIOMAAN KIeTOK Kopbl y auHun SJI® ormeueno npu 50, 75 n 100 MM NaCl, toraa xak y copra Pexoprcmen -
mpu 150 MM NaCl. C panpHEHIIUM TOBBINICHHEM KOHIICHTPAIIMHM COJIM B Cpele IUIOIAIb KJIETOK KOpbl y ymHuH SJID
yBEIMUMBAIach, B TO BpeMs Kak y copra PexkopacMeH NaHHBIM IOKa3aTenb ocTaBajica Ha ypoBHE KOHTpous. Ilnomans kinerok
LEeHTpaTbHOTO HHIuHApa v JuHuu S1JI® He MeHsuachk ¢ noOaBiIeHHEM XJIOpHAA HATpHs, TOTAa Kak y copTa PekopacmeH
M3y4eHHbI noka3zarenb yBenuuuBaics npu 75-150 MM NaCl. OGHapykeHHble W3MEHEHHsI MOTYT ObITh OOYCIIOBJIEHBI Kak
MOJIO’KUTENILHON aIanTHBHON peakIuel KIETOK Ha CTpecc (CHMXEHHE OBOJHEHHOCTH TKAaHEH C MOCIIEAYIONIIEM HMOHMKCHHEM
OCMOTHYECKOrO MOTEHIMAIa KJIETOYHOTO COKa), TaK M MHTHOMPOBAaHMEM pPOCTa KJIETOK. TakuM 00pa3oM, yCTaHOBIICHO, YTO
CTPYKTypHAasi OpraHU3alys KOpHsS TOMaTa y UCCIETyEMBIX T€HOTHUIIOB B YCIOBUSX 3aCOJICHUS i1 Vitro UIMEET pa3iiuus 10 psxy
LUTOJIOTUYECKUX XapaKTEPUCTHUK.

Effect of sodium chloride on the anatomical and morphological characteristics of tomato root cells under conditions of
salinity in vitro
2Bogoutdinova L.R., “Baranova E.N., *Baranova G.B., **Smirnova E.A., '*Khaliluev M.R.
'All-Russian Research Institute of Agricultural Biotechnology, Federal Agency of Scientific Organizations, Moscow, Russia
Russian State Agrarian University - Moscow Timiryazev Agricultural Academy, Moscow, Russia
*Lomonosov Moscow State University, Moscow, Russia

Salt stress - one of the main abiotic stresses that limit the production of agricultural crops around the world. The first organ of
the plant that encounters soil salinity is the root. The aim of the research was to study the effect of sodium chloride in vitro on
the morphology of the root cells of two tomato genotypes (Solanum lycopersicum L.), differing in salt tolerance. The object of
the study was seedlings contrasting in resistance to salinity of the tomato genotypes (YALF line and Recordsman variety). The
seedlings were cultured for 8 days on a MS nutrient medium to induce rhizogenesis with the addition of various concentrations
(0-250 mM) of sodium chloride, after the developed roots were fixed for light microscopy. The length of the cells of the
columella and the epidermis of the roots changed with the addition of NaCl to the nutrient medium. During the cytological
study, a change in this indicator was determined in both genotypes. Thus, with increasing NaCl concentration in the nutrient
medium, a two-phase cell length change was observed in YALF tomato cells with an increase in the index at 25 and 150 mM
NaCl in epidermal cells, and at 50 and 150 mM NaCl in columella cells. A similar trend was observed in tomato columella
cells of the Recordsman variety, in which an increase in cell length was observed at 50 and 150 mM NaCl in nutrient medium
(as in the YALF line). The increase in the length of epidermal cells in the Recordsman variety with in relation to the control it
was not found. As a result of the study, differences in the area of the cortical cells and the central cylinder between the two
genotypes were revealed. Thus, a decrease in the area of cortical cells in the YALF line at 50, 75 and 100 mM NacCl, while in
the Recordsman variety, at 150 mM NaCl. With the subsequent increase in the salt concentration in the medium, the area of the
cortical cells in the YALF line increased, while in the Recordsman variety this indicator remained at the control level. The area
of cells of the central cylinder near the YALF line did not change with the addition of sodium chloride, whereas in the
Recordsman variety the studied index increased with 75-150 mM NaCl. The observed changes can be caused either by an
adaptive response of cells to stress (or by a decrease in the osmotic potential of the cell sap as a result of reduced water content
of tissues) or by inhibition of cell growth. Thus, it was established that the structural organization of tomato root in the studied
genotypes under in vitro salinity conditions differs in a number of cytological characteristics.
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IKOOMOTEXHOJIOTHH B PeryJupyeMoii arpo3kocucreMe: NOMCK MIKPOOPTraHN3MoOB 3(peKTHBHBIX NPOAYLEHTOB
TUIPOJIMTHYECKHX M OKCHT€HA3HBIX LEeJLTI0/1a3 /ISl IPUTOTOBJIEHUs OMOKOMIIOCTOB
Boprosa O.A., T'anmymko A.C., [Tanosa I'T".
Arpodm3nyuecKuii HayIHO-HCCIIEA0BATENbCKAN HHCTUTYT, T. CankT-IleTepOypr, Poccus
E-mail: lirinaoa@gmail.com

B ®OI'BHY Arpodusndyeckom HaydHo-HMccnenoBarenbckoM wuHctutyre (Cankr-IlerepOypr, P®) paspaboran mnporotun
pErylupyemMoil arposKoCUCTeMbl - (M3MYECKOH MOJEIH IOCTaTOYHO COBEPLICHHOTO arpoQHTOLEH03a B pEryIHpyeMbIX
YCJIOBHSIX PAacTEHHEBOJCTBA 3alMIIEHHOT0 IpyHTa, ()YHKIIMOHUPYIOLIETO Ha OCHOBE OecriepeOoHHOro CHaOXeHHs PacTeHUH
HUCTOYHUKAMU IMUTAHUA U DOHEPIUU U 06ecnetha}0mero TMOJIYyYCHUEC paCTHTeJ’[BHOﬁ MPOAYKIHHU C 3aaHHBIMU KaUC€CTBCHHBIMH
1 (QyHKUMOHAJIBHBIMU XapakTepucTHKaMu. {1 co3paHus Oe30TXOAHOrO MPOW3BOJCTBA IENEBOH HPOAYKIHMH Tpedyercs
PELINTh BOMPOC TEPepabOTKH PACTUTEIBHBIX OCTaTKOB M OTPAabOTAaHHOro cyOcTpara-TpyHTa, C IIENbI0 HX BO3Bpara B
pon3BoACTBO. Hamm ObIIM IpOBENEHBI ONMBITHI KOMIOCTHPOBAHUS PACTHTENBHBIX OCTATKOB, CMEIIAHHBIX C OTPaOOTaHHBIM
TPYHTOM, B TEUYEHHE KOTOPBIX HCCIICIOBAIN IMHAMUKY AKTHBHOCTH (PEPMEHTHBIX CHUCTEM IIEIUTIONIa3 THUAPOIUTHIECKOTO
JIEWCTBHSA, a TakXKe HEIaBHO OTKPBITHIX HosmcaxapuaMoHookcureHas (IIMO), ocCyIIecTBISIONIMX OKHCIUTEIbHYIO
JIECTPYKIIMIO IPUPOJHBIX MOIMCAaXapuI0B. M3 TUTepaTypHbIX HCTOYHUKOB U3BECTHO, UTO BBEACHHUE B IIEJUTIONA3HBIN KOMITIEKC
HOBoro kKomroHeHTa - [IMO - criocoOHO MOBBICUTH 3((GEKTUBHOCTD THIPOJIH3a LEIIII0I030CoepKaIIX cyocTparoB Oosee
gyeM Ha 50%. Hamm Opun paspaboraH crmoco0 MOMyYEeHHS HAKOMUTEIBHBIX KYIbTYpP IEJUTIONI030pa3pyIIAONINX OaKTepHii,
MOTeHIMAIbHO obnanatomux ¢epmeHramu [IMO, U3 NPUPONHBIX HCTOYHHMKOB. bBbIIO BBISBICHO HECKONBKO YHCTBIX
OaKTepHanbHBIX KyJIbTYpP, OONamalOMuX IEJUTIONIa3aMU KJIACCHYECKOr0 M OKCHUTEHA3HOTO THIA, a TAaKKE BICPBBIC OBLI
mpoBeneH aHanu3 nemronazHod aktuBHoctH I[IMO B kommocTHBIX cMmecsx. llemmomasHas akTUBHOCTH (hepMEHTOB
KJIACCMYECKOTO W OKCHT€HAa3HOTO THMA Y BBIJICNCHHBIX MHKDOOPTAHW3MOB ONPENENsUIach —alUIMKAalIWOHHBIMH |
(hoTOMETpUUECKUMH METOAaMH (TI0 KOIMYECTBY PEAYLIMPYIOIINX caxapoB). Bo BTopoMm ciryyae B peakIMOHHYIO CMECh BBOIMIIN
JIOHOP DJIEKTPOHOB (AacCKOpOMHOBas WJIM TayioBas KUCHOTHI). OKCHIeHa3Has aKTHMBHOCTh Obula OOHapyKeHa BO BCeX
HCCIIEIOBaHHBIX 00pa3lax, MPUYeM BBIXOJ PEIyLHUPYIOIINX CaXapoB B IPUCYTCTBUE TAUIOBOM KUCIOTHI B Ka4ecTBE JOHOpPA
JIEKTPOHOB OBIT B 3 pasa BBIIIE, YeM MPHU HMCIOJIH30BAaHHHM ACKOPOWHOBOH KHCIOTHI M B 5 pa3 BHIIIE [0 CPAaBHEHHIO C
BapHaHTOM C OTCYTCTBHEM B PEAKIMOHHOM CMecH IOHOPOB 3JeKTpOHOB. Ilokaszarenu coieprkaHUsS TTIIOKO3BI JTOCTOBEPHO
OTIMYAINCH OT KOHTPOJIsl. MUKpPOOHBIE KYJIBTYpPbI, MOKA3aBIINE MaKCHMAIbHYIO IEJUTIONIA3HYI0 aKTHBHOCTH M MOTEHIINAIBHO
obmagaromue ¢epmentamu [IMO, 3amelicTBOBaHBI B JANbHEHIINX HCCICNOBAHUAX [UISI NPHUMEHEHHS HX B COCTaBe
O6uono6aBku-uHTEHCH(pUKaropa KomroctupoBaHus. PabGora mommepxkana rpaHToM @oHIa CONCHCTBHS HWHHOBAIMAM
Nel0859I'Y/2016.

Environmental biotechnologies in regulated agroecosystem: search for the effective hydrolytic and oxidative cellulases-
producers for biocompost preparation
Bortsova O.A, Galushko A.S., Panova G.G.
Agrophysical Research Institute, Saint-Petersburg, Russia

In Agrophysical research Institute (St. Petersburg, Russia) there was developed a prototype of adjustable agroecosystem — a
physical model is fairly complete agrophytocenosis under controlled conditions of plants growing in greenhouses with
uninterrupted supply of sources of nutrition and energy for plants, yielding plant products with specified quality and functional
characteristics. The study deals with the development of optimization method for recycling non-food plant material. In
particular, we performed screening of cellulose-digesting microorganisms for the presence of different types of cellulases
aimed to create supplements to help to speed up the composting process. It is known from published sources that the addition
of a new type cellulase — PMO — to a set of hydrolytic cellulases may strongly increase the efficiency of hydrolysis of cellulose
— containing compounds for more than 50 %. We have developed a method for establishment of enrichment cultures of
cellulose degrading bacteria that potentially possessed PMO enzymes using samples of natural environments as inocula. We
isolated several pure cultures of bacteria that showed the presence of hydrolytic and oxidative types of cellulases and for the
first time we also investigated the changes in activity of PMO cellulases in composting mixtures. Activity of cellulases of
classical and oxidative types was determined with traditional and photometric methods (release of reducing sugars),
correspondingly. In the second case the assay mixture was supplemented with donor electrons (ascorbate or gallate).
Oxygenase — dependent cellulase activity was detected in all investigated samples. In the presence of gallate as the electron
donor the production of reducing sugars was 3 times higher than in the presence of ascorbate as the electron donor and 5 times
higher than in the variant without added electron donors. The values of reducing sugars formation were statistically different
from control values. Pure cultures of bacteria with the highest cellulolytic activity and containing enzymes of PMO types will
be used in further investigation in compost accelerators cocktail. The investigation was financially supported by Foundation for
Assistance to Small Innovative Enterprises Ne108591'Y/2016.
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Bimmsinne 6HOMaKpOMOJIEKYJI KJIETOYHOI OBEPXHOCTH ACCONMATHBHBIX PU300aKTepHii HAa MIKpoOpacTeHus KapTodes
B YCJIOBHSAX in vitro
“2Bypeirun IJ1., *Kapranonosa K.1O., *Tlapduposa O.1., 'Asneesa E.C., 'Curuga E.H., *Topmkos B.IO.
'YHCTHTYT GHOXMMHUHK 1 (PM3HOJIOTUH pacTeHunii 1 Mukpoopranusmos PAH, Caparos, Poccus
>CapaToBCKHii TOCYIapCTBEHHBIN arpapHbli yausepeuter uM. H.W. Basmiosa, Caparos, Poccus
*Kazancknii nHCTUTYT Gnoxumun u Gnopusuxu OULL «KasHI] PAH», Kazans, Poccus
E-mail: burygingl@gmail.com

PacreHus B mpuposie MOCTOSIHHO KOHTaKTUPYIOT € PHU30C(EpPHBIMH MHKPOOpPraHM3MamM, OOECIICUMBAIOIIMMH YCIEUIHOE
pa3BuTHE MakpoopraHuimMa. IIpu 3ToM mouTH Hen30eKHO MPOMCXOIAT B3aMMOJCHCTBHS IMOBEPXHOCTHBIX OMOMAaKPOMOIIEKYI
OakTepuii ¢ perenropamu (pUTOMMMYHHUTETa, BIMAIOIIMEC Ha MeTabomu3M pacrteHuil. llenpto maHHOW pabOTHI OBLIO
WCCIICIOBAHNE OTBETHBIX peakiuii MukpopacTteHui kaprodens (Solanum tuberosum L.) copra KoHmop Ha WHOKYISIHIO
OaKkTepuanbHBIMU CYCIIEH3MSIMM W Ha BO3JCHCTBHME IIpenaparamMy (MIareJUIMHOB M JIMIIONOJIHMCaxXapuaoB pPHU30C(HEpHBIX
mramMMoB Azospirillum brasilense Sp7 w Ochrobactrum cytisi 1PA7.2. VccnenoBanue npoBogmwimn Ha 10-TH CyTOYHBIX
MHKpOKJIOHaX KapTodens copra KoHIop, BeIpalieHHBIX Ha >KUIKOM muTarenbHOl cpene Mypacure u Ckyra 6e3 rOpMOHOB.
Yepe3 CyTKM MOCJE BO3JEHCTBUS y ONBITHBIX PACTEHUM OLIEHMBAIN YpPOBEHb 3KCIPECCUM 7 TE€HOB DA3IUYHBIX IyTeil
HMMYHHOIO OTBeTa pAcTeHUH M MMTOTHYECKUN HHAEKC MepucteM KkopHs. Uepes 20 pgHelt mpoBOAMIM H3MEpEHUE
MOp(OMETPHUUECKIX MOKa3aTeleil MUKpopacTeHuid. B kauecTBe KOHTPOJIS CIYXKWJIM CTEPUIIbHBIE MHKpOpacTeHus. MerogoM
[P peansHOro BpeMeHHU ycTaHOBIEHO pazHoHampasieHHoe aeictBue JIIIC u ¢uarennuna mramma A. brasilense Sp7 Ha
pa3BuTHE (PUTOMMMYHHBIX peakIuii MuKpopacTeHui kaprodens. Ecmm mpucyrctBue JIIIC B cpere KyIbTHBHPOBaHHSA
IIPUBOAMIIO K TIOBBIIIEHUIO aKTUBHOCTH T€HOB CaJMIMIAT-peryampyemoro orsera pacreHuid (PR1), To neiictBue ¢miarennmna
CBsI3aHO C akTHBanueil xacMoHat- (LOX) u atunen-perympyemsix (ERF1) myre#t ¢putommMynHoro otsera. Kietku mramMma
A. brasilense Sp7 BBI3BIBAIOT AaKTHBAMIO BCEX TPEX NepednciieHHBIX myTed. MHokymsums Oakrepusimu O. cytisi [PA7.2
MPUBOJIIIIA K HE3HAUUTEIbHOMY CHH)KEHHUIO YPOBHSI AKCIIpeccHu reHa numnokcureHassl LOX U MOBBIMIEHUIO SKCIPECCHH T'eHa
NYK-amunocunrazel GH3. Ilpu ananmze mMopdoMeTpuyeckux IOKasarelield BBISBICHO CTUMYJIMPOBAHHWE POCTa KOPHEBOU
cucremsl B npucyrctBun JIIIC mramma A. brasilense Sp7. J{ns ¢are/uiMHOB 000MX IITAMMOB IMOKa3aHO WHTHOMPYIOIICEe
JIeiCTBHE HAa POCT To0era U KOJMYECTBO Y3JIOB MUKPOKJIOHOB. B To ke Bpemsi, QuareiinHbl (TakkKe Kak U OakrepuabHbIe
KJIETKN) 3HAYATEIHHO MOBBIIIATA MATOTHIECKUI MHIEKC KOPHEBBIX MepHcTeM. TakuM 00pa3oM, MOKa3aHO, YTO HECMOTPS Ha
cnabplii  mHTHOMpyomMH 3¢ ¢eKT OaKkTepuanbHBIX (IAreJUIMHOB Ha pacTeHHs, OakTepHaibHas KOJIOHHW3AIHS KOpHEH
pHu30ChepHBIMU OAKTEPUSIMU TIPOUCXOIUT YCHENTHO U HAOIIOaeTCsl CyMMapHbIH pOCT-CTUMYIHPYIOMIN 3 GEKT HHOKYIISIINY,
JacTHMYHO orocpenoBanHblii  nelictBuem JIIIC. PabGora BeimonHeHa mnpu momuepxke rpaHTta Poccuiickoro ¢onzaa
(byHIaMeHTaJIbHBIX HccnenoBannii (mpoekt Ne 16-04-01444).

Influence of cellular surface biomacromolecules of associative rhizobacteria on potato microplants in vitro conditions
"“Burygin G.L., *Kargapolova K.Yu., *Parfirova O.1, 'Avdeeva E.S., 'Sigida E.N., *Gorshkov V.Yu.
'Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia
*Vavilov Saratov State Agrarian University, Saratov, Russia
’Kazan Institute of Biochemistry and Biophysics, Kazan Science Center of Russian Academy of Sciences, Kazan, Russia

Plants are constantly in contact with rhizospheric microorganisms that ensure the successful development of macroorganism.
Almost inevitably there are interactions of bacterial surface biomacromolecules with innate immune receptors that affects plant
metabolism. The aim of this work was to investigate the responses of potato (Solanum tuberosum L.) to inoculation with
bacterial suspensions and to exposure to the flagellin and lipopolysaccharide preparations of rhizospheric strains Azospirillum
brasilense Sp7 and Ochrobactrum cytisi IPA7.2. The study was carried out by 10-day microclones of potato (cultivar Condor)
that were grown on Murashige and Skoog medium without the gelling agent and hormones. The expression level of 7 genes of
the different immune response pathways and the mitotic index of root meristems were evaluated in plants one day after
exposure. After 20 days, measurements of the morphometric parameters of microplants were made. Sterile microplants were
used as controls. We have established by real-time PCR that LPS and flagellin 4. brasilense Sp7 have different effects on the
phytoimmunity development in potato microplants. The presence of LPS in the culture medium led to an increase in the
salicylate-regulated plant response gene (PR1) activity. The action of flagellin is associated with the activation of jasmonate-
(LOX) and ethylene-regulated (ERF1) pathways of the phytoimmune response. A. brasilense Sp7 cells activate all three of
these pathways. Inoculation by O. cytisi IPA7.2 resulted in a slight decrease in the expression level of the lipoxygenase gene
(LOX) and an increase in the expression of the [AA-amino synthetase (GH3) gene. In the analysis of morphometric
parameters, growth stimulation of the root system was revealed in the presence of LPS of A. brasilense Sp7. Flagellins of both
strains had an inhibitory effect on shoot growth. At the same time, the flagellins (as well as bacterial cells) significantly
increased the mitotic index of the root meristems. Thus, it is shown that, despite the weak inhibitory effect of bacterial
flagellins on plant growth, colonization of the roots by rhizospheric bacteria is successful and a total growth-promoting effect
of inoculation, partially mediated by LPS action, is observed. This work was supported by the Russian Foundation for Basic
Research (grant No. 16-04-01444).
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Hccienopanne MaKOPHBIX AHTUTCHOB KJIETOYHON NMOBEPXHOCTH OakTepuii poga Azospirillum u ux BKaaxa B
PaCTHTEJILHO-MHKPOOHbIE B3aUMO/IeiiCTBHS
Bypeirun I'JI1., Maropa JL.IO., EsceeBa H.B., Illupoxos A.A., Kpacos 1. A., ®ununsedera FO.A., bynanosa A.A., [loroBa
H.A., lllerones C.1O.
WuctutyT Onoxumun u Gpru3nosoriu pacTeHuid U MukpoopraaniMo PAH, Caparos, Poccust
E-mail: burygingl@gmail.com

CTpyKTypa U CBOWCTBA MOBEPXHOCTHBIX aHTHUTCHOB PH30C(EPHBIX OAKTEpPHUH COCTaBISIOT OCHOBHOM MpPEAMET MCCIEIOBaHUM
naboparopun uMMyHoxumun MBOPM PAH. MxX rnaBHBIM MHCTPYMEHTOM SIBIISIIOTCSl aHTHTENA K OCNKOBBIM U YIJIEBOJIHBIM
OaKkTepuaabHBIM CTPYKTYpaM, BBIMOJIHSIOUIMM KIFOUEBYIO POJb B PACTHTEILHO-MUKPOOHBIX B3aMMOJCHCTBUSX Ha CTaJUH
¢dbopmupoBaHus W (GYHKIIMOHMPOBAHHUS ACCOIMATHBHOrO CHMMOMO3a B pu3ochepe pacrenuit. Hamu mojydeHbl aHTHTENIA K
MIOBEPXHOCTHBIM CTpyKTypam 27 mramMMoB |1 BHIOB 7 pONOB acCOIMATHBHBIX OakTepwid. [l MOAENBHBIX INTaMMOB
Azospirillum brasilense TpogeMOHCTpPHPOBaHAa CTPYKTYpHAash W aHTHTEHHas rereporeHHocTs mx O-antmrena. s psma
IITAaMMOB a30CITUPWILT MOKA3aHO OTCYTCTBHE MHAMBHUYyalbHOTO KalCylIbHOTO aHTHUTeHA. PaspaboTrana ceponorndeckas TecT-
CHCTeMa, II03BOJMBIIAS IIPOBECTH CEPOTHIHUPOBAaHME 74 IMTaMMOB JaHHOTO poxpa. CTPYKTypHBIE HCCIIEIOBaHHS
IJIMKO3WJIMPOBAaHHOTO (hyIareJuTHHA TOJISIPHOTO KI'YTHKA TUIIOBOTO LITaMMa Azospirillum brasilense Sp7 mokazanu Haiudue B
€ro COCTaBe HECKOJIBKUX MONMCAXAPUIHBIX Lenel, UMMYHOXHMHUYECKH MICHTHYHBIX JIMIIONOINCaXapU Ly JaHHBIX OaKTepHi.
Ha ocHOoBe MMMYyHO(EPMEHTHOrO aHajH3a C HCHOJNb30BaHHEM CIElM(UUECKUX AHTHTENl Pa3pabdoTaHbl MPHUEMbl aHAIN3a
pacnpoCTpaHEeHHOCTH a30CIHPHIT B 00pa3ax IouB, MO3BOJIMBIINE OLCHUTh JUHAMHUKY YUCJICHHOCTH MHTPOAYLIMPOBAHHBIX B
Mo4By OakTepwil ¥ BBIIBUTH HAIWYME aHTUTCHOB a30CHHUPIIUI B TEUEHUE BETE€TATHBHOTO ce30Ha B 6 THmax mouys CapaToBCKOH
obnactu.

OreHeHa CIOCOOHOCTh PAa3HBIX MTAMMOB K KOJOHH3AIMK KOPHEH pacTeHHH, BEISIBICHBI CTUMYJHpyonme 3GpdexTsl 6akTepuii
U MX H30JHMPOBAHHBIX MOBEPXHOCTHHIX KOMIIOHEHTOB IO MOP(OMETPUYECKHM M IUTOJIOTHYCCKHM MOKA3aTeNIsiM pacTeHUH.
[Tokazana poip M OIEHEH BKJAJ JHMIONONMCAaxapuia, (iareJuiiHa W OeJKOBBIX MHIICHOAOOHBIX CTPYKTYp a30CHHPHIUI B
OaKkTepuaJbHYI0 KOJOHU3ALMIO PAacTeHWH M B WHIYKLIUIO POCT-CTUMYyIHpylomux d¢dekroB. I[IpoBomsircs paboTsl 1Mo
BBIJICJICHUIO U WJICHTU(QHKAIIMH HOBBIX PU30C(hEpHBIX OaKTepHUAIBHBIX LITAMMOB-CUMOMOHTOB pacTeHHi (TIpeAcTaBHTEINEH
ponoB Enterobacter, Ochrobactrum, Ensifer, Acinetobacter, Kocuria wm 7ap.) ¢ OUEHKaMH WX POCT-CTHMYJUPYIOLIETO
MOTEHIHANA.

Major antigens in the cell surface of Azospirillum bacteria and their contribution to plant-microbe interactions
Burygin G.L., Matora L.Yu., Evseeva N.V,, Shirokov A.A., Krasov A.L, Filip’echeva Yu.A., Budanova A.A., Popova LA.,
Shchyogolev S.Yu.

Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia

Most research conducted at the IBPPM RAS Laboratory of Immunochemistry is addressed to the structure and properties of
the surface antigens of rhizosphere bacteria. The main tool used is antibodies raised to bacterial protein and carbohydrate
structures that play a key part in associative plant-microbe interactions in the plant rhizosphere. We raised antigens to the
surface structures of 27 strains belonging to 11 species of 7 genera of associative bacteria. We showed that the O antigens of
the model strains of Azospirillum brasilense were structurally and antigenically heterogeneous. Several Azospirillum strains
lacked an individual capsular antigen. We developed a serological test system that made it possible to serotype 74 Azospirillum
strains. Structural studies of glycosylated flagellin of the polar flagellum from A. brasilense type strain Sp7 showed that it
contains several polysaccharide chains that are immunochemically identical to the lipopolysaccharide of this bacterium.
Enzyme-linked immunosorbent assay with specific antibodies was used as the basis for analyzing the occurrence of
Azospirillum in soil samples. This analysis allowed us to assess the population dynamics of soil-introduced bacteria and to
detect Azospirillum antigens in six types of soil in Saratov Oblast during the vegetative season.

The strains’ abilities to colonize plant roots were assessed. Plants’ morphometric and cytological variables were used to detect
promoting effect of bacteria and their isolated surface components. We showed the contribution of Azospirillum
lipopolysaccharide, flagellin, and proteinaceous pilus-like structures to the bacterial colonization of plants and to the induction
of growth promotion. We are now isolating and identifying new rhizospheric strains that engage in symbiosis with plants
(members of the genera Enterobacter, Ochrobactrum, Ensifer, Acinetobacter, Kocuria, etc.), with assessment of their growth-
promoting potential.
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KyasTuBupyembie 3H10HTHBIE 0aKTepHH ropoxa noceBHoro (Pisum sativum L.)
“Bacunbesa E.H., Adorun A.M., *Axremona I'.A., Kykos B.A., *Bopucos A.IO., *Tuxonosnd N.A.
'Cankr-TleTepOyprekuii rocynapeTBennsiii Y uuepcutet, Cankr-IletepGypr, Poccus
2OI'bBHY BHUMU cenbckoxossiicTBenHoM Mukpobuonorun, Cankt-IletepOypr-Ilymkun, Poccus
E-mail: grayman616@gmail.com

Jnst skcriepuMeHTa OBUTH BBIOpaHBI TpU TeHOTHIA Topoxa moceBHoro - (K-8274 — BeicoxodddextuBHbrii m K-3358 —
HU3KOP((QEKTUBHBIH TPH B3aUMOJCHCTBUM C T[OJIE3HOH IOYBEHHOW MHKpPO(DIOpOH, a TaKke KOMMEpUYECKHUH
cenekMOHHBIA copt  «Tpuymd», co3mannbsiii Ha ©Oaze OI'BHY BHUHU3BK wu sBusrommiicss motomxkom K-8274,
YHACJIEOBABIIMM MPHU3HAK BBICOKOW 3(()EKTUBHOCTH B3aMMOJCHUCTBHS C IMOYBEHHBIMH MHKpPOOpPTraHM3Mamu). DHI0(DUTHBIE
OakTepuu BBLACISUIM W3 [OBEPXHOCTHO CTEPHIM30BAHHBIX PACTEHWI B CTaguM [BeTeHHs. TaKCOHOMHUYECKYIO
MPUHAUICKHOCT  BBIACICHHBIX ~ IITAMMOB  ONPENENSIA € IOMOIIBI0O  CEKBEHHPOBAHMS AMATHOCTHYECKOTO
¢parmenta renma 16S pPHK. Bcero Opmo BeigeneHo 230  MopdonorHdecKkd — pasiIHYHBIX KYJIBTHBHPYEMBIX
mramMMoB 3H10(pUTOB U 3muduToB, 11t 80 SHAOPHUTOB yNAIOCh ONPEAETHTh MX TAKCOHOMHUYECKYIO NMPUHAUIC)KHOCTh. B
JMUCTBAX pacTeHUU ropoxa reHotuma K-8274 BeigBieHBl Oakrepuu U3 pomoB Serratia, Rahnella, Klebsiella, Enterobacter,
Microbacterium, Acinetobacter, Bacillus (npuueM TOMHHUPYIOT OakTepuu u3 poxaa Serratia u Bacillus). B cTebnsax maHHOMN
TuHAKA o0uTaroT Oaktepuu U3 poaoB Bacillus, Ralstonia, Sphingomonas, Bradyrhizobium, Herbaspirillum u Rahnella.
Ounocdepa credneit renoruna K-3358 wHacenena OaktepusiMu U3 poaoB  Pseudomonas, Rahnella, Luteibactor wu
Enterobacter ¢ nomuHupoBanueM pona Rahnella. W3 nuctbeB BblAETICHBI OakTepuu U3 pojaoB Acinetobacter,
Pseudomonas, Paenibacillus, Bacillus. Crebmu ropoxa copra «Tpumymd» HacemstoT 3HIO(UTHBIC OAKTEPUN U3 POAOB
Serratia, Staphylococcus, Rahnella, Sphingomonas, Enterobacter, Pseudomonas. B TucTpax ropoxa

«Tpuymd» oOHapyxkeHbI 3HIOMUTHI, OTHOCSMMECS K pomaMm Enterobacter, Micrococcus, Rahnella, Pseudomonas wu
Bacillus. Bocemp mTaMMoB 5HIO(UTHBIX OaKTepHi, OKa3aJI1 CIOCOOHOCTH CTUMYJIMPOBATh POCT KOPHEH Kpecc-cayiaTa mpu
MOCTAaHOBKE TECTa HAa POCTCTUMYJIMPYIONIYI0 aKTHBHOCTh. OTH OakTepuM NpHHALICkKaTH K pomgam Bacillus, Rahnella,
Enterobacter, Serratia m Acinetobacter. HanOonpliee KOJMYECTBO POCTCTUMYJIMPYIOMIMX OakTepHii ObLIIO OOHApPY>KEHO
B pacTeHHsx ropoxa HuskodpdekruHoi smHuM K-3358. IlltamMmbl 3HIOPUTHBIX OaKTEPHiA, CITIOCOOCTBYIOIINX
Pa3BUTHIO PACTEHHM, MPEJCTAaBHIN WHTEPEC JJIs JalbHEHIIEro reHOMHOIO CEKBEHUPOBAHUS C IIEIbI0 YCTAHOBICHUST OOLIMX
TEHETHYECKUX JETEPMUHAHT 3HIAO(GHUTHOCTH. B pe3ymsrate pabOTHl ONMCAHBI KyJIBTUBHPYEMbBIE OAKTEPHH, BXOMSAIINE B
cocTaB MUKpOOHOTO coobmiecTBa (MUKpoOHOMa) pacTeHH ropoxa moceBHoro (Pisum sativum L.).

Pabora BeimonHeHa 3a cuet cpenctB ['ocynapcrBennoro 3amanus [Tynkr X10.2. (Ne 0664-2015-0020) 3a 2018 . 1 rpaHTaMu
PH® 17-76-30016.

Cultivated endophytic bacteria from garden pea (Pisum sativum L.)
2Vasileva E.,?Afonin A.,?Akhtemova G., >Zhukov V., 2Borisov A., *Tikhonovich I.
'Saint Petersburg University, Saint Petersburg, Russia;

?All-Russia Research Institute for Agricultural Microbiology, Saint Petersburg, Russia.

For the experiment three genotypes of garden pea seeds were selected: K-8274 which is highly effective in respect to the
rhizosphere microflora, K-3358 — low-effective genotype and commercial selected sort «Triumph», created on VNIIZBK
basis, which is the descendant of K-8274 and also a highly effective. Endophytic bacteria were isolated from surface
sterilized plants at the flowering stage. Taxonomic status of isolated strains was determined via sequencing of the
diagnostic (V3-V9) fragment of 16S rRNA.

In total 230 morphotypes of endophytes and epiphytes were isolated; for 80 of them taxonomic status was determined.
Bacteria from genera Serratia, Rahnella, Klebsiella, Enterobacter, Microbacterium, Acinetobacter, Bacillus were
isolated from leaves of genotype K-8274, Serratia and Bacillus being the dominant genera. Bacillus, Ralstonia,
Sphingomonas, Bradyrhizobium, Herbaspirillum and Rahnella were isolated from stems. The endosphere of K-3358
stems was inhabited by bacteria from genera Pseudomonas, Rahnella, Luteibactor and Enterobacter with Rahnella
predominance. Leaves contained endophytes from genera Acinetobacter, Pseudomonas, Paenibacillus, Bacillus. The
stems of «Triumph» garden pea were colonized by endophytic bacteria from genera Serratia, Staphylococcus, Rahnella,
Sphingomonas, Enterobacter, Pseudomonas. Bacteria of the genus Enterobacter, Micrococcus, Rahnella, Pseudomonas and
Bacillus were found. Eight strains of endophytic bacteria have shown the ability to stimulate growth of watercress roots
when testing for growth promoting activity. These bacteria were identified as Bacillus sp., Rahnella sp.,
Enterobacter sp., Serratia sp. and Acinetobacter sp. The greatest number of growth-promoting bacteria was found in low-
effective garden pea genotype K-3358. Endophytic strains, which promote plants development, became of interest for
further genomic sequencing in order to establish common genetic determinants of endophytism.

As a result of the work cultivated bacteria from the microbial community (microbioma) of garden pea plants (Pisum
sativum L.) were described.

The work is funded by the State assignment X10.2. (Ne 0664-2015-0020) and supported by RSF grants Ne 17-76-30016.
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BuonJyienku pu3o0uii B MCKYCCTBEHHBIX CHMOMOTHYECKUX CHCTEMAaxX
Bepmmuanna 3.P., Xakumona JI.P., Jlapuna A.M., Banosa T.A., Canpixosa JI.P., Baiimue An.X.
Huctutyt onoxumuu u renetuxku YOUIL PAH, Yda, Poccust
E-mail: zilyaver@mail.ru

Puzobakrepun CHHTE3MPYIOT OoJbIIoe KonuuecTBO dk3omonncaxapunos (IIIC), HeoOXOIMMBIX ATl yCTAaHOBICHUS
CUMOMOTHYECKUX OTHOLICHUH ¢ OOOOBBIMH PacTEHUSIMH, MUTAHMSA, 3aIIUTHl OT BPEIHBIX (PAKTOPOB OKpYXKAloOIIEH cpensl n
¢dopmupoBanus OuoruieHok. Yem Oonpmie puzodbum cuaTesupytor OIIC, Tem Bble MX KOHKYPEHTOCIIOCOOHOCTBH IO
CpPaBHEHUIO C IPyTrUMH mTaMMamu. Y pu3obuit oopasosanue DIIC perynupyrorcs reHamu pssA, pssB, rosR, prsD, prsE. Panee
OBUIO TOKAa3aHO, YTO yBENWYEHHE KOMHH TeHOB pssA u rosR B Oakrepusix R. leguminosarum bv. trifolii nmpuBomuno x
YBEIMYCHHUIO KIyOeHEeK 00pa3yroleil akTHBHOCTH JAHHOTO MUKPOCHMOHOHTA M YCHIMBAJIO KOHKYPEHTOCIIOCOOHOCTh PU300Ui
[0 CPaBHEHUIO C AWKMMH IITaMMaMH. B maHHO# paboTte Obuta moiydeHa BEKTOpHAs KOHCTPYKIMHM Ha OCHOBE IIIa3MHJIBI
pJB658, comepxamas rensl gfp u pssA. [lomydeHHBIM BEKTOpPOM OBIIH TpaHC(POPMUPOBAHBI MTAMMEBI R. leguminosarum: Pvu
5, VSy12, THy2, TPr4, VCr7, VSy3. buoruieHk#, KOoTopble 00pa3oBBIBAIOT TPaHC(HOPMUPOBAHHBIE U KOHTPOJIBHBIC IITAMMEI
Ha MHEPTHBIX TOBEPXHOCTAX, MCCIIENOBAIN C MPUMEHEHHEM 90-IIyHOUHBIX IUIACTHMKOBBIX IUIAHIIETOB. BBUIO IMOKa3aHO, 4TO
MOJTyYeHHbIE PEKOMOWHAHTHBIE ITaMMbI pU300Mi (GOpPMHUPYIOT O0JIee CIOKHBIE apXHUTEKTYPHBIE CTPYKTYPhI OHUOIUIEHOK IO
CPaBHEHHUIO C IMKUMH IITAMMaMH.

C nomotipio (GIyopeclieHTHOH MHKPOCKOMHMH ObIT U3yUeH XapakTep KOJOHM3AIMs KOpHEW pacTeHWi parca copTa
«PaTHUK» pEeKOMOMHAHTHBIMU U KOHTPOJBHBIMH IITaMMaMHu. KONMYECTBO KIIETOK KOHTPOJIBHBIX M TPaHC(HOPMHPOBAHHBIX
IITaMMOB Ha TTOBEPXHOCTH KOPHEH pacTeHHWH OTIMYaIoCh He3HadnTenbHO. OAHAKO HAa KOPHAX pacTeHHH, 0O0pabOTaHHBIX
TpaHCHOPMUPOBAHHEIMI IITAMMaMH, HaOIIOOanock oOpa3oBaHHME 3pENbIX OWOILICHOK, B OTIIMYHAE OT OWOILICHOK, KOTOpPEIC
00pa3oBannch Ha KOPHSIX pacTeHui, 00pabOTaHHBIX KOHTPOJIBHBIMU IITAMMaMH, KOTOPbIC HAXOIWINCh Ha HavdalbHBIX JTarax
pasBHUTHSL.

[onyueHHbIe NaHHBIE HE OCTABJIAIOT COMHEHHMH B TOM, YTO T€HBI, PETYJIHMPYIOIIUE CHHTE3 DK30IOIUCAXAPHIOB Y
pu300uii, BO3MOXKHO WCIIOJB30BaTh B KadeCTBE MWHCTPYMEHTa Ui yiayumieHus dddexTuBHOCTH (HOPMUPOBAHUS
ACCOLIMATUBHBIX CHMOMOTHYECKHX CHCTEM, TaKk Kak o0pa3oBaHHMe OMOIUICHOK SBISIETCS pelaloumM  (akTopom,
OIIPEIEIISIONIMM KOHKYPEHTOCIOCOOHOCTh UHTPOLYIUPOBAHHBIX LITAMMOB PH300Uil B YCIOBHSAX arpoleHo3a.

HccrenoBanne BBIIONHEHO TIpH (HUHAHCOBOM mommepxke PODPU B pamkax HaydHBIX TpoekToB PODU-
WunmmatuBHEI - Ne 16-04-00902 A 1 POOU Nel18-34-00033 mon_a.

Biofilms of rhizobia in the artificial symbiotic systems
Vershinina Z.R., Khakimova L.R., Lavina A.M., Ivanova T.A., Sadykova L.R., Baymiev Al.Kh.
Institute of Biochemistry and Genetics UFRC RAS, Ufa, Russia

Rizobacteria synthesize a large number of exopolysaccharides (EPS), necessary for establishing symbiotic
relationships with leguminous plants, nutrition, protection from harmful environmental factors and the formation of biofilms.
Rhizobia synthesizing a large number of EPS have higher competitiveness compared to other strains. The formation of EPS is
regulated by the genes pssA, pssB, rosR, prsD, prsE in Rhizobium. Previously, it was shown that an increase of copies of the
genes pssA and rosR in the bacteria R. leguminosarum bv. trifolii resulted in an increase of nodule forming activity of this
microsymbiont and increase of the competitiveness of rhizobia in comparison with wild strains. In this paper, a vector
construct based on plasmid pJB658 containing the genes gfp and pss4 was obtained. The resulting vector was embedded in the
strains R. leguminosarum: Pvu 5, VSy12, THy2, TPr4, VCr7, VSy3. Biofilms that form transformed and control strains on
inert surfaces were examined using 96-well plastic plates. It was shown that the obtained recombinant rhizobium strains form
more complex architectural structures of biofilms in comparison with wild strains.

With the help of fluorescence microscopy, the character of colonization of the roots of oilseed rape plants of the
"Ratnik" variety with recombinant and control strains was studied. The number of cells of control and transformed strains on
the surface of plant roots was not significantly different. However, on the roots of plants treated with transformed strains,
mature biofilms were formed, unlike biofilms, which were formed on the roots of plants treated with control strains. Latter
biofilms were in the early stages of development.

The obtained data confirmed that the genes regulating the synthesis of EPS in rhizobia can be used as a tool for
improving the formation of associative symbiotic systems, since the formation of biofilms is the decisive factor determining
the competitiveness of introduced strains of rhizobia in agrocenosis.

This work was performed with support from the Russian Foundation for Basic Research (projects Ne 16-04-00902 A
and Ne18-34-00033).
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BimsiHue 3TH/IeHA M AKTHBHBIX (JOPM KHCJI0POJa HA pa3BUTHe NaToreHa Stagonospora nodorum BERK. B Tkansax
pacTeHNi MIIEHUIbI
Becenora C.B., bypxanosa I®., Hyxxnas T.B., Pymsauues C./1., Makcumos 1.B.
Wuctutyt 6noxumun u reretikn PIBHY Y pumckoro dpenepansnoro ncenemoparensckoro nenrpa PAH, Yoa, Pocens
E-mail: veselova75@ramblerru

JlaBHO yCTaHOBJIEHO, YTO PAacTEHMs pPearupyroT Ha aTaKky IaTOr€HOB MHTEHCHBHOW I'eHepalnei akTHBHBIX (OpM KHCIOpoIa
(ADK) — OKHCIUTENBHBIM B3PHIBOM, W TOKa3aHo, 4To A®MK urpaioT LEHTpaJbHYI pOJb B HMMYHHTETE pacTeHHid. B
HacTosiee BpeMsi OCHOBHBIM MecToM cuHTe3a ADK B pacTUTENbHO-MHKPOOHOM B3aMMOJCHCTBHM CUMTAETCS alloIlIacT, IIie
HAJI®H-okcuaasza renepupyer cynepokcu paaukai (O,), IMcMyTHpYOIUN 3aTeM B niepekuch Bomopona (H.O,). B cuntese
A®K yuactytor u apyrue pepmenTsl, Hanpumep, okcanatokcuaaza (OO) u yactnuno nepokcuaasza (I10) — dpepmeHT TakKe
yramisupyomuil ADOK. TIpo-/aHTHOKCHIAHTHBINA CTAaTyC PAacTeHWH HAXOIWTCS MOJ CTPOTMM KOHTPOJIEM (PUTOTOPMOHOB.
Cpenu HUX 3THIEH, POJIb KOTOPOTO MPU OMOTHYECKOM CTPECCE HEOIHO3HAYHA M 3aBHUCHT OT THIIA NTATOT€HAa M BUJA PACTCHUSL.
Panee HaMu ObITa MoOKa3zaHa OTpHIATENIbHASL POJIb STHJICHA B PAa3BUTHH YCTOMYMBOCTH PACTEHHH MIIEHHIBI K Stagonospora
nodorum. llenpio Hacrosimield paOOTHl SBISUIOCH HM3yYCHHE DPONM 3THIEHA B perymsiunu reHepaimn ADK B pacteHumsx
MIICHAIBI, UHQUIMPOBaHHBIX TpUOOM S. nodorum, a Takxke HMccienoBaHue BIuUsHUS dTmineHa 1 ADK Ha pasButme U poct
naroreHa. [wucroxumumueckuit anamuz O, u H,O, mnokasan, 4ro oOpaboTka pacTeHUi 3TEPOHOM (XUMHUYECKUM
MIPEIIECTBeHHUKOM 3THJICHA) TIPUBOAMIIA K HHTHOMpoBaHuio HakorieHuss O, u H,O, B MecTax MpOHUKHOBEHHUS MaTOreHa U
obuemy Huzkomy cozpepxanuio H,O> B MHOUIMPOBaHHBIX JHCTBSIX, YTO CIIOCOOCTBOBAJIO HMHTEHCHBHOMY Pa3MHOMKEHHIO
MUIETUs Tpruba W OOMHMPHOMY TOPAXKEHHIO pacTeHHWH. Tak IMOKa3aHo, 4TO Hu3kue KoHmeHTparmn A®K sBisioTcs
HHAYKTOpaMH MopdoreHe3a y TpuOOB B CIIOCOOCTBYIOT MX YCHJICHHOMY POCTY M pa3zButuio. [lomaBnenue remepannn ADK,
CKOpee BCEro, MHPOUCXONMJIO 3a cueT cHikeHHs aktuBHocTH OO, ymenbmenusi Hakorenns MPHK rema TaRboh,
komupyromero HAJI®H-okcnpasy, W yBeIW4YEeHHS AKTHBHOCTH Karayia3dbl NpH HMHGUUHMpOBaHUH. [Ipn HMHrnOMpoBaHUH
pelenuuyu dTHieHa ¢ nomolnsio 1-metmnnuknonponena (1-MLIIT) HaGmonamu MPOTUBOMOIIOKHBIA PE3yNbTaT - HHTCHCHBHAS
nokanbHas renepaims O, m H,O, m oOmast Bicokas renepanust H>O, B JIHMCTHSIX NPUBOIMIM K WHTHOMPOBAaHHMIO pOCTa
MHUIIETUS TaTOreHa, YTO MPOMCXOIMJIO 3a CUET aKTHUBAIlMM IIPOOKCHUIAHTHBIX (pepmeHTOB. TakuM 00pa3oM, STHICHOBBIH
CUTHAJIbHBIM IyTh OTpULATENbHO BiWsl Ha reHepauuio ADK B uHQUUMpPOBaHHBIX pacTeHMsX MIIEHUNbL. [lojaBiss
Hakorutenue O,” u H,0, 3a cuer BamusHMS Ha (HepPMEHTHI MPO-/aHTHOKCUAAHTHON CHCTEMBI, STHIICH 00ECIIeUrBall TEM CaMbIM
OIaronpusATHBIC YCIOBHS JJIS Pa3BUTHA IAaTOT€Ha B TKAaHAX NIIeHHWNbl. Pabora BhIMonHEHa B pamkax roczamanus Ne 0246-
2018-0035 u mpu punancosoii noanepxkke PODU Ne 18-04-00978.

Influence of ethylene and reactive oxygen species on the growth of the pathogen Stagonospora nodorum BERK. in wheat
plant tissue
Veselova S.V., Burkhanova G.F., Nujnaya T.V., Rumyantsev S.D., Maksimov 1. V.
Institute of Biochemistry and Genetics of Ufa Federal Research Centre RAS, Ufa, Russia

It has long been established that plants respond to pathogen attacks with a transient burst of reactive oxygen species (ROS). So,
ROS play a central role in plant immune responses. The major site of ROS production during plant—pathogen interactions is
the apoplast. The apoplastic ROS are mainly produced by plasma membrane localized NADPH oxidases (respiratory burst
oxidase homologs, RBOHs), which generate the superoxide radical (O27). Other enzymes involving in the synthesis of ROS,
for example, are oxalate oxidase (OO) and partially peroxidase (PO). PO is an enzyme also degrading ROS. The pro- and
antioxidant status of plants is controlled by phytohormones. One of these agents is ethylene. Ethylene acts differently under
biotic stress depending on the type of pathogen and plant species. Previously, we have shown the negative role of ethylene in
the defense response of wheat plants against Stagonospora nodorum. The aim of this work was the investigation of ethylene
role in regulation of ROS generation in wheat plants infected with the fungus S. nodorum, as well as the study of influence of
ethylene and ROS on the growth of the pathogen. Histochemical analysis of O, and H,O, showed that the treatment of plants
with ethephone (a chemical precursor of ethylene) led to inhibition of the accumulation of O, and H,O, at the sites of
pathogen penetration and the decrease of content of H,O, in the infected leaves. It promoted intensive proliferation of fungal
infectious hyphae and large plant damage. It was showed that low concentrations of ROS were inducers of morphogenesis of
fungi and enhanced growth and development of the fungus. When plants were treated by ethephone, suppression of ROS
generation was most likely due to decreased activity of OO, reduced expression of gene TaRboh encoding NADPH-oxidase,
and increased activity of catalase during infection. The inhibition of ethylene by 1-methylcyclopropene (1-MCP) resulted in
the opposite outcome. Intensive local generation of O,” and H,O, and high total content of H,O, in the infected leaves treated
with 1-MCP led to inhibition of the growth of the pathogen mycelium. The process was due to the activation of prooxidant
enzymes. Thus, the ethylene signaling pathway negatively affected the ROS generation in wheat plants infected with S.
nodorum. As a result of the ethylene influence on the enzymes of the pro- and antioxidant system, O, and H,O, generation was
suppressed. Thereby ethylene provided appropriate conditions for the development of the pathogen in the wheat tissues. The
work was supported by grant of RFBR Ne 18-04-00978.



114
OneHka KOHBIOTATHBHOI aKTHBHOCTH Y HEKOTOPLIX BU/I0B PH300Mii
Bnamumuposa A.A., I'ymenko P.C., Kamanosa I"M., baiimueB An.X.
WHcTuTyT OMOXMMHHU M TeHETHKH — 000co0ieHHOe cTpyKTypHOe noapaszenenne ®IBHY Ydumckoro denepanbHoro
nccienoBarensekoro nenrpa PAH, Ya, Poccus
E-mail: baymiev@anrb.ru

Pu3o0un SIBISIIOTCSI IIMPOKO PACIIPOCTPAHEHHBIMH TOUYBEHHBIMH OAaKTEPHSIMH, CIIOCOOHBIMH NMPe0Opa3oBBIBaTh aTMOCHEPHBIN
a30T B ycBOseMylo pacteHueMm (opmy. JlaHHBIH Tpoliecc KOHTPOJIHMPYETCsS T€HaMH, KOTOpbIE MOTYT pacHoyiararbcsi Kak Ha
CUMOHMOTHYECKUX Iua3Muaax (pSym), Tak 1 B XpOMOCOME B COCTaBE F€HOMHBIX OCTPOBOB. Y pH300uii, Kak U y OOJBIIMHCTBA
OakTepuii, 0OMEH reHEeTHUECKIM MaTepUalioM MPOUCXOIHT 3a CUET Mpolecca KOHbIoraluu. JlaHHbIi Mpoliecc UrpaeT BaXHYO
pOJb B OMOJIOTHYECKOM Pa3HOOOPAa3UH U SKOJIOTHH MHKPOOPTaHM3MOB, CIIOCOOCTBYSI MX aJaNTallid K OKpY)Kalollei cpene u
KOHKYPEHTOCIIOCOOHOCTH, 3a CUET MpHOOpeTeHNs (DYHKIIMOHAIBFHO MOJNIE3HBIX TeHOB. L[eNbi0 JaHHOTO MCCIEAOBaHUS SIBISUIACH
OLIEHKA KOHBIOTATHBHOW aKTHBHOCTH KIIyOEHBKOBBIX OaKTEpHH ¢ MPUMEHEHHEM (IyOPECIIEHTHO MEUEHBIX ITAMMOB PH300HH.
OOBeKTaMM HCCIEIOBaHUS CIY)KWIN INTaMMBl PU300MH, TpHHAAIEKamMe K ponaM Rhizobium, Ensifer (Sinorhizobium) n
Mesorhizobium, B3siTble W3 KOIUIEKIMH MUKpoopraHuzmMoB «CumoOuont» MBI YOUIl PAH. PexomOMHaHTHBIE IITaMMBbI
JTAHHBIX OaKTepHii, MCUCHHBIC peropTepHbIMU TeHamu (iyopectieHTHbIX 0eskoB TurboGFP u TurboRFP Ha ocHOBe muia3Muib
pJN105, ObuM mOMy4eHBI METOJOM 3JIEKTporopanuu. Jlaiee npoBOAMIM COBMECTHOE KyIbTUBHPOBAaHHWE HA arapu30BaHHOM
nutarenbhoi cpenme JM (1% wmannut, 0,5% mppoxokeBoit skcrpakt, 0,01% NaCl, 0,02% MgSO. u 0,5% K,HPO.,)
HEOKpPAIICHHBIX IITAMMOB, LITAMMOB, MEYEHHBIX 3€JIEHBIM (IIyOPECIEHTHBIM OENKOM, W IITaMMOB, MEUYEHHBIX KPaCHBIM
(iryopecrieHTHBIM OeIIKOM, OTHOCSIIUXCS K OZHOMY WM pa3HeIM pojam puzobuit mpu 28°C B Teuenme 4 Hemenb. C
UCIIONB30BaHUEM MeETOZa MPOTOYHOHM mmTomeTpuu (Novocyte), IpH COBMECTHOM BBIPAIIMBAaHWM HAMU OBUTH BBISBICHEI
IITaMMBI KITyOEHBKOBBIX OaKTepHi, coepkammx o0a (GIryopeceHTHBIX Mapkepa. Hanbonbmmii mponeHT pu3o0uii, MMEIomux
00a reHeTHYEeCKNX MapKepa, ObUI BBISIBJIEH Y IITaMMOB pona Rhizobium (3,8%). YV xiryOeHBKOBBIX OaKTepHid, TPHHAIIEKAIINX
pony Ensifer, nanublii pesympraT ObUl OoTMeueH B 0,4% cnywasx, y mrammoB Mesorhizobium, B 0,05%. CoBMecTHOE
KyJbTHBUPOBaHHE MeEYeHbIX OakTepuil pomoB Rhizobium w Ensifer mnokasano Haumensinee (0,02%) KomuuecTBo
OaKkTepuaIbHBIX KJIETOK, HECYIIMX 00a TeHeTHYeCKHX Mapkepa. JlaHHbIe pa3iuuusi B 3HAUCHHUSIX MOTYT ObITh OOYCIIOBJICHBI
pa3HOil KOHBIOTATHBHOW aKTHBHOCTBHIO KIIyOCHBKOBBIX OAaKTEpHii, OTHOCSIIMXCS K pa3HbIM pojaM. KoHbroraums HambOolee
AKTHBHO IPOXOOUT MEXIy KIyOSHBKOBBIMU OAaKTEpPHSIMH BHYTPH CBOETro poaa. PaboTa BEIMOIHEHa MpU MOAAEPKKE TPAHTOB
PODU: Nel8-34-00034mom_a (momydeHWE PEKOMOMHAHTHBIX INTAMMOB W MpoTouHas mwmrodiayopumerpust), Nel7-44-
020201p_a (mondop mTaMMOB JUTS aHAIN3A).

Evaluation of conjugative activity in some Rhizobia species
Vladimirova A.A., Gumenko R.S., Kashapova G.M., Baymiev An.K.
Institute of Biochemistry and Genetics of the Ufa Federal Research Centre of the Russian Academy of Sciences, Ufa, Russia

Rhizobia are wide spread soil bacteria capable of converting atmospheric nitrogen into a form digestible plant. This process is
controlled by genes that can be located on both the symbiotic plasmids (pSym) and the chromosome in the genomic islands. In
rhizobia, as in most bacteria, the exchange of genetic material occurs due to the conjugation process. This process plays an
important role in the biological diversity and ecology of microorganisms, contributing to their adaptation to the environment
and competitiveness, through the acquisition of functionally useful genes. The aim of this study was to assess the conjugative
activity of nodule bacteria using fluorescent labeled rhizobia strains. Subjects of the study were rhizobium strains belonging to
the genera Rhizobium, Ensifer (Sinorhizobium) and Mesorhizobium, taken from the collection of microorganisms "Symbiont"
IBG UFRC RAS. Recombinant strains of these bacteria, labeled with reporter genes of fluorescent proteins TurboGFP and
TurboRFP based on plasmid pJN105, were obtained by electroporation. Further, we carried out a joint cultivation on agar
medium JM (1% mannitol, 0.5% yeast extract, 0.01% NaCl, 0.02% MgSO, and 0.5% K,HPO,,) uncoloured strains, strains
labeled with a green fluorescent protein, and strains labeled with a red fluorescent protein, belonging to one or different
rhizobia genera at 28°C for 4 weeks. Using the method of flow cytometry (Novocyte), when co-cultivated, we have identified
strains of nodule bacteria containing both fluorescent markers. The highest percentage of rhizobia that have both genetic
markers were detected in strains of the genus Rhizobium (3.8%). In nodule bacteria belonging to the genus Ensifer, this result
was noted in 0.4% of cases, in strains Mesorhizobium at 0.05%. The co-cultivation of labeled Rhizobium and Ensifer genera
showed the smallest (0.02%) number of bacterial cells carrying both genetic markers. These differences in values may be due
to the different conjugative activity of nodule bacteria belonging to different genera. Conjugation most actively occurs between
nodule bacteria inside a genus. This work was supported by RFBR grants: Nel18-34-00034 (production of recombinant strains
and flow cytometry), Ne17-44-020201 (selection of strains for analysis).
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'Boiitka JI.B., ‘Muxaiinosckas H.A., 'T03edosuu E.K.
'MHCTHTYT 3amuTEl pactenuid, [Ipunyku, Pecniy6iuka Benapycs
*MIHCTATYT TIOYBOBECHHUS M arpoXuMus, Munck, benapych
E-mail: d.voitka@tut.by

B ycnoBusx smaduueckoro crpecca Ha 3pOJMPOBAaHHBIX M 3PO3MOHHOOIACHBIX ITOYBAX HEOOXOOMMO CHIDKCHHE Harpy3Kd
XMMHUYECKHUX YI0OpeHUi n nmecTuiuoB. Hanbomnee nepcrieKTHBHBIME CPEICTBaMH SKOJIOTH3AI[MH PACTEHHEBOJICTBA CUUTAIOTCS
MHOTOKOMIIOHEHTHBIE NONM(YHKIMOHAIBHBIE MUKPOOHBIE IIpernaparbl, COYETAIONIME CBOMCTBA CTHMYJIATOPOB pOCTa,
ouoynoOpenuit u OHOGYHrHIKAOB. Pa3paboTaHa TPEXKOMIIOHCHTHAss MHKPOOHAsi KOMITO3HIIMS, BKJIOUArOIIas OaKkTepuu
Azospirillum brasilense 2(B)3 ¢ BBICOKMM a30T)UKCHPYIOIIMM MTOTSHIIMAIOM U CIIOCOOHOCTBIO K PacTBOPeHHIO opTodocdara
KaJplus, KanumiMoOmnmsyromue Oakrepun Bacillus circulans K-81, xapakrepusyromuecss CIIOCOOHOCTBIO K MOOMITH3AIHA
TPYZHOAOCTYIHBIX (OpPM ITOYBEHHOTO Kaius W MoOmmm3ammu ¢ochopa U3 HEpacTBOPUMBIX (ochaToB, a Takxke Trpuod-
anraronuct 7. longibrachiatum L-7, oOnanaiomuii BEICOKOH aHTarOHNCTUYECKOH aKTHBHOCTBIO ITO OTHOIICHHUIO K HINPOKOMY
CHEKTPY (PUTOMATOreHHBIX MHUKPOOPIaHM3MOB. B IONIEBBIX YCIIOBHSX M3Y4YEHO BIMSHHE TPEXKOMIIOHEHTHOTO IIperapara, a
TaKke OWHApHOH OakTepHanbHOW KOMIIO3MLIMM M MOHOKYJBTYP OTOOpPaHHBIX IITAMMOB Ha POCTOBBIE MPOLECCH U
YPOXKalHOCTB sTYMEHS sipoBoro copra CTparyc Ha 3pOAMPOBAaHHBIX JIEPHOBO-IIOJ30JIMCTHIX MOYBAX HA MOIIHBIX JIECCOBHIHBIX
CyIJIMHKax. I/IHOKyJ'IHHI/IH MHUKPOOPraHnnu3mMoB B (1)8.36 BCXOJIbI — HAYaJIO KYIICHUA crnoco0cTBOBaIa CTUMYJIIUU pOoCTa AYMEHA
sipoBOro. AHaNM3 OMOMETPUUYECKUX IOKa3aTee CBUAETENECTBYET O TOM, YTO YBEIHYEHHE K KOHTPOJIO JIMHEHHBIX Pa3MepoB
cTebneil pactenuit coctaBmino 8—32%, MHHEI Konoca — 7-22%, uncna 3epeH B konoce — 5-18%, yBenuueHne Macchl KOpHEH —
7-31% B 3aBHCHMMOCTH OT CTENEHH 3POAMPOBAHHOCTH MO4YBHL VICIIONB30BaHHME OWMOJIOTHYECKHX AreHTOB IOJIOKHUTEIBHO
CKa3aJIoCh HA ONTHUMHU3AIMU (DPUTOIATONOTMYECKOH CHUTYallMd M TPOAYKTHBHOCTH KYJBTYPHl B YCIOBHSAX 3IaHUECcKOrO
ctpecca. IlpumeHeHHe OWHApHOrO OaKTepHANBHOTO WHOKYIsiHTA A. brasilense + B. circulans obecneunno mnpuOaBKy
ypoxaitnoctu 3,4-4,2 1n/ra, moHouHokynsHta T. longibrachiatum — 1,8-3,0 1/ra. HaubGonpiiue npuOaBku 3epHA SYMCHS
spoBoro (4,9-5,2 w/ra) npu ypoxaiiHocTH B KOHTpoie 57,9-61,4 n/ra obecrnieunmsio NpUMEHEHHE TPEXKOMIIOHEHTHOM
MHKPOOHOH  KOMITO3MIIMM Ha  BOAOpasaeie W  CiIabodpoAMpOBaHHOM  TMouBe.  buomornueckas 3PQPEKTUBHOCTDH
TPEXKOMIIOHEHTHOW MHUKPOOHOM KOMITO3MIIMH B 3aIIUTE sTYMEHS SPOBOTO OT KOPHEBOM THUIIM BapbHpoBaia oT 45,9 1o 69,5% B
3aBUCHMOCTH OT CTETECHH 3POAMNPOBAHHOCTH IOYBHL. IIpOBelEeHHBIE HMCCIIENOBAaHHUSA CBHIETENBCTBYIOT 00 3((EKTHBHOCTH
MHUKpPOOHOH KOMIIO3UINH, OOCCIIEUMBAIONICH YITyUIICHNE MUHEPAIbHOTO IMHUTAaHMS M 3alIMTHOCTHMYJHUpYOMuUi 3hdeKT Ha
pacTeHus B yCIOBHSIX d1aQUIecKoro crpecca.

Multifunctional microbial composition action by spring barley cultivation
'Voitka D.V., *Mikhailovskaya N.A., 'Yuzefovich E.K.
'Institute of Plant Protection, Priluki, Republic of Belarus
“Institute of Soil Science and Agrochemistry, Minsk, Republic of Belarus

Under conditions of edaphic stress on eroded and erosion-prone soils, it is necessary to reduce the load of chemical fertilizers
and pesticides. The most promising means of plant growing ecologization are multicomponent polyfunctional microbial
preparations combining the properties of growth stimulators, biofertilizers and biofungicides. A three-component microbial
composition comprising Azospirillum brasilene 2(c)3 bacteria with a high nitrogen fixing potential and the ability to dissolve
calcium orthophosphate, potassium mobilizing bacteria Bacillus circulans K-81, characterized by the ability to mobilize hard-
to-reach forms of soil potassium and mobilize phosphorus from insoluble phosphates, and a fungus-antagonist 7.
longibrachiatum L-7, rendering a high antagonistic activity with respect to a wide spectrum of phytopathogenic
microorganisms is developed. In the field, the effect of a three-component preparation, as well as the binary bacterial
composition and monocultures of selected strains on growth processes and spring barley cv Stratus yield on eroded sod-
podzolic soils on powerful loess-like loams has been studied. The inoculation of microorganisms at seedlings - the beginning
of tillering stage has promoted the stimulation of spring barley growth. The analysis of biometric parameters indicates that the
increase of linear dimensions of plant stems in comparison with the control has made 8-32%, the ear length — 7-22%, grains
number in the ear - 5-18%, root weight increase - 7-31% depending on the the degree of soil erosion. The use of biological
agents has positively affected the optimization of the phytopathological situation and the crop productivity under the edaphic
stress conditions. The application of a binary bacterial inoculum A. brasilense + B. circulans has provided with the
productivity increase for 3.4-4.2 cwt/ ha, monoinoculant 7. longibrachiatum - 1.8-3.0 cwt/ha. The highest spring barley grain
yield increase (4.9-5.2 cwt/ha) with a yield in the control 57.9-61.4 cwt/ha has ensured the use of a three-component microbial
composition at watershed and low-eroded soil. The biological effectiveness of a three-component microbial composition for
spring barley protection against root rot has varied from 45.9 to 69.5%, depending on the degree of soil erosion. The carried
out researches testify to the effectiveness of the microbial composition providing with the improvement of mineral nutrition
and the protective-stimulating effect on plants under edaphic stress conditions.
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H3meHeHne yIbTPACTPYKTYPhI KIYy0eHbLKOB PACTeHH cou 1oj BausaHueM Puzoropdunna u dnuna-akcrpa
Bonobyesa O.I'.,, I'ypo I1.B.
Poccuiickuii rocynapcTBeHHbIH arpapHbiid yHuBepcuteT - MCXA nmenn K.A. Tumupszesa, Mocksa, Poccust
E-mail: ovolobueva@list.ru

®dopmupoBanne  0000BO-pH300HMANBEHOTO  CHMOMO3a  OOYCIIOBIEHO  CHEHU(DUYECKUMH  MEXaHM3MaMM  CHTHAIBHBIX
B3aUMOJICHCTBMI W B3aUMHOW MeETabOJIMUECKOM MHTErpalueil MUKpo- M MakpocuMOuoHTa. B mociemnee Bpemst s
MOBBIIICHUS APPEKTUBHOCTH 0000BO-pU300HATLHOTO CHMOMO3a HCIONB3YIOTCS OMOMpenaparsl M pPeryyisiTopbl pocta. B
YCJIOBHSIX BEre€TallMOHHOTO ONBITa U3yYald BIMsHUE Ouonpenapara Puzoropdun (Bradyrhizobium japonicum), copepxamunit
mramm 634, 3 PeKTHBHBIN IS COU U PEryJsaTopa pocta DNHUH-IKCTPa Ha a30TGUKCHPYIOILYI0 aKTUBHOCTD U YIBTPACTPYKTYPY
KIyOeHbKOB cou copToB Maresa u Cpama. YcraHOBIEHA KOppeJsiLMs MEXAYy CHMOHMOTHYECKOH a3oTdukcauuei u
YIIBTPACcTPYKTYpoil KiyOeHbKOB con. HamboimbImas a30THUKCHPYIOIIAas aKTHBHOCTH OTMEUCHAa B BapHaHTaX C OONBIINM
KOJIMYECTBOM OaKTEpOHIOB B CHMOMOCOMAax, OOJIBIINM KOMHMYECTBOM M OONBIIEH IIJIOIIAABI0 T'PAHYN BOMIOTHHA M MEHBIINM
KOJIMYECTBOM TpaHyln — NHoiu-fB-okcuMacissHol kucinotel (IIOM). TIOM - 3amacHoe BEIIECTBO, SHAOTCHHBINH HAKOIUTEIh
SHEPrHH M yIJIepoja MpOKapHoT. Hammume 3TOro SHAOTEHHOTO pe3epBa ONpeAeiseT OONbIIYI0 IUTACTHYHOCTh METaboIM3Ma
pu306uii. OObIYHO, IPH aKTUBHOI a3oTdukcanuu conepxanue [IOM B kieTkax OakTepuii MUHUMAIBHO, TOCKOJIBKY CUHTE3 H
pacnan e€ mpu 3ToM HambOonee uHTeHcHBEeH. Ponp IIOM 3akiroyaeTcss B OCHOBHOM B PETYJILMHM  HCIIOJIb30BaHUS
(hOTOACCHMUIISTOB, MOCTYMAIONIMX B OAKTCPOUIBI M IO COACPIKAHUIO MOJIMMEPA MOXKHO B OINPEICICHHON CTEMEHU CYIUTh 00
obecrieueHHOCTH OaKTEepOHI0B yIIIEBOJHBIMU cyOcTparamu. IlokasaHa copToBasi peakiysi pacTeHuil Ha 00paboTKy DIHHOM-
9KCTpa: HANOOJBIICH OT3RIBUMBOCTRIO XapaKTepru3oBaics copt con CBama. Y pacteHuii con copra Maresa B OoJbIeii creneHn
MPOSIBIIIOCH JeiicTBre Pu3oTopduHa.

Modification of ultrastructure of tubercles of soy plants under influence of Rizotorfin and Epin-extra
Volobueva O.G., Guro P.V.
Russian State Agrarian University - Moscow Timiryazev Agricultural Academy, Moscow, Russia

The formation of the legume-rhizobium symbiosis is caused by specific mechanisms of signal interactions and mutual
metabolic integration of micro- and macro-symbionts. In recent times, biologies and growth regulators have been used to
improve the efficiency of legume-rhizobium symbiosis. In the conditions of vegetative test was studied the influence of the
biologies Rizotorfin (Bradyrhizobium japonicum), containing isolate 634 effective for soybean and the growth regulator of the
Epin-extra on the nitrogen fixation activity and ultrastructure of the soybean nodules of the Magew and Swap varieties.
Established between symbiotic nitrogen fixation and nodule ultrastructure of soybean. The highest nitrogen-fixing activity was
noted in variants with the most number of bacteroides in symbiosomes, and with the most number and a larger area of the
volute granules, and a less number of granules, poly-pB-hydroxybutyric acid. Poly-B-hydroxybutyric acid is a storage
compound, an endogenous hoarder of energy and carbon of prokaryotes. The presence of this endogenous reserve determines
the greater plasticity of rhizobium metabolism. Usually, with active nitrogen fixation, the content of poly-B-hydroxybutyric
acid in bacterial cells is minimal, since synthesis and cleavage of it are most intense. The role of poly-B-hydroxybutyric acid is
basically in regulating the use of photoassimilites entering the bacteroides and the polymer content can be judged to a certain
extent on the supply of bacteroids with carbohydrate substrates. The varietal reaction of plants to Epin-exta treatment is shown:
the Svapa soybean variety was the most responsive. The effect of Rizotorfin was more pronounced in soya plants of the
Magueva variety.
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H3y4yenne sxcnpeccun renos Meruauposanus JHK y napTeHoreHeTu4eckoii THHUN KyKYPY3bl
Bonoxuna U.B., I'yces 10.C., Mouceesa E.M., I'yroposa O.B., Mazuinos C.1., Yymakos M.U.
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E-mail: volokhina_i@ibppm.ru

[TokpbITOCEMEHHBIE PACTEHUS] Pa3MHOXKAIOTCSI TIOJIOBBIM M OECIIONBIM (aMOMHMKTHYHBIM) myTeM. M3ydeHune MexaHm3ma
perymsinun Oecrioyioro pa3MHOXKEHHs (CEMEHaMH, IOJTyYeHHBIMH O€3 OIUIOJOTBOPEHHUS SHIEKIETKH) y PACTCHUH SBIIETCS
OJJHUM W3 BaXHBIX HAINPaBICHUH WCCIEIOBaHUM, H3ydaronieldl 0a30BbIE IPOIECCHl PAa3MHOKEHHWE M Pa3BUTHUSL JKUBBIX
opranu3MoB. OJHHUM U3 DJIEMEHTOB allOMHKCHCA SIBISETCS MapTeHOreHe3 (pa3BUTHE 3apojplilla M3 HEOIUIONOTBOPEHHOM
ARIIEKIIETKN ), KOTOPBIA HabIofaeTcs y KyKypy3sl B HopMme ¢ Hu3Koi gactotoit (10 0.01%), a y mapTeHOreHeTUYeCKOH JTMHUT
KyKypy3bI MOkeT Bo3pacTats (10 0.1%).

Panee ycraHOBIIEHO, YTO HECKONBKO TE€HOB, KOHTponmpytomux MmetwiupoBanue JJHK (dmtl102, dmtl103, dmt105, hdt104,
chr106, honl101) y kykypy3bl IMEIOT KaueCTBEHHBIEC Pa3IHYMsl B IKCIIPECCUU HA TPeX CTAANAX Pa3BHUTHUS (CIIOPOTEHE3, 3PEbIi
3apOJIBIIEBBI MENIOK J0 OIUIOJOTBOPEHUS, paHHUM 3MOpuoreHe3 (3 aHS mocie oruonoTBopeHus). Hamm mpencraBieHs!
AKCIIepUMEHTAIbHBIC JaHHBIE 00 dkcnpeccun reHoB MetmnupoBanust JJHK (dmt102, dmt103, dmt105, hdt104, hon101, chr106)
B 3aBsI3sIX M 3apoABINIEBBIX Memikax (3M) mpu sKcneprMeHTalIbHOW 3a/iep)KKe ONbUICHWS Ha 3 U 7 AHEH W B MpoaMOpHoO,
3aponbliax W dHAocnepMe napreHoreHernyeckod (AT-3) M KOHTPOJIBHBIX JIMHMH KyKypy3bl udepe3 3 u 7 nqHed mocie
onbuieHus. OTIMYMiI B JKCIIpecCHMH BCEX HCCIeAOBaHHBIX reHoB (kpome dmtl02) B 3aBs3sax U 3M mpu HMCKYCCTBEHHOM
3ajepxKKe onbuieHust Ha 3-7 mHel y AT-3 U KOHTPOJBHBIX JUHHHA He oOHapyeHbl. Uepe3 ceMb THEW IOCIE ONBUICHHUS B
3apoppimax AT-3 ¥ KOHTPONBHBIX JIMHUSX JKCIPECCHs BceX HccienoBaHHBIX (kpome chrl06) reHoB Opina momaBieHa. A B
9HJIOCTIEpPME MapTEHOTeHeTHUeCKOH MMHUH AT-3 CIycTs ceMb AHEH Mmocie ONbUICHNUS 3apeTUCTPUPOBAHA 3KCIPECCUS YEThIPEX
(dmt103, hdt104, hon101, chr106) u3 6 uccnenoBanubx renos. B 3M u suocnepme napreHorenernyeckoit muann AT-3 gepes
3-7 mHe# mocie ombuIeHUS HaOmomaeTcs 3kcmpeccus reHa hdt104, B To BpeMs Kak y KOHTPOJBHOW JIMHHUH €Tr0 3KCIPEeCCHUs
noaasiena. Pabora BeimosiHeHa no IlporpamMme GpyHIaMeHTaBHBIX HAyYHBIX HCCIIEOBAHNH rOCY/IapCTBEHHBIX aKaJeMHI HayK
Ha 2013-2020 roxs! o Teme «lccnenoanue nepeHoca JJHK-0enkoBbIX KOMIIJIEKCOB B PaCTHTENILHBIE U KMBOTHBIE KIETKI
(Ne roc. peructparuu 01201359048) u mpu gactuuHoit nmoaaepx ke rpanta POOU Ne 18-016-00155.

Expression of DNA methylation genes in a parthenogenetic maize line
Volokhina I.V., Gusev Yu.S., Moiseeva Ye.M., Gutorova O.V., Mazilov S.I., Chumakov M.I.
Institute of Biochemistry and Physiology of Plants and Microorganisms, Russian Academy of Sciences, Saratov, Russia

Angiosperms reproduce both sexually and asexually (apomictic reproduction). Study of the genetic mechanism regulating plant
apomixis (seed reproduction without fertilization) and the application of this knowledge are a major trend in basic
embryogenetics and an innovative to agricultural technology.

Parthenogenesis, development of the embryo from an unfertilized ovum, is an element of apomixis rarely observed in maize
(frequency, as low as 0.01%). However, in some selected maize lines, this percentage may be higher (up to 0.05-0.1%),
compared to normal lines. Several genes controlling DNA methylation in maize (dmt102, dmt103, dmt105, hdt104, chr106,
and honl01) have qualitative differences at expression in three stages of development [sporogenesis, mature embryonic sac
before fertilization, and early embryogenesis (3 days after fertilization )]. We obtained for the first time experimental data on
the DNA methylation gene expression in the parthenogenetic proembryos of the AT-3 line. In particular, data were obtained on
the expression of DNA methylation genes (dmt102, dmt103, hdt104, honl01, and chr106) in the maize female generative
tissue (before and after fertilization) of the AT-3 and S-32 lines. We did not observe any differences in the expression of DNA
methylation genes in the maize ovaries (except for the dmt102 gene) three to seven days after fertilization either in the AT-3
line or in the control lines. The expression of all the genes (except chr106) in the embryos of the AT-3 and control lines was
suppressed seven days after pollination. The expression of four (dmt103, hdt104, hon101, chr106) of the sex investigated genes
in the endosperm of the AT-3 parthenogenetic line was recorded seven days after pollination. Expression of the hdt104 gene
was observed in the embryonic sacs and endosperm of the AT-3 line, while in the control line, its expression was suppressed
three to seven days after pollination.

This work was carried out under the fundamental research program of the Russian Academy of Sciences (Ne 01201359048,
2013-2020) and in part by RFBR grant (18-016-00155).
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*OI'BHY Arpodusnueckuit HUM, Cankr-IleTp6ypr, Poccus
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W3y4aercs ONOKMPOBKAa MarHUTHBIMH TOJISIMA MEXKKOMITOHEHTHOW MOJIEKYJSIPHOIM CHTHAIM3allMM B OMOCHCTEME «OaKTepuH
Sphingomonas sp. K1b - pacrenust ropoxa». MeXKOMIOHEHTHbIE KaHaJIbl CUTHAIM3AIMM B OHOCHCTEME 3alUIIAIOTCS
KOH(OPMALIMOHHBIM TECTOM. B 3THUX KaHajmax CHrHajbl MPOXOIST TOJBKO TOTJA, KOrJa MPOCTPAHCTBEHHBIE CTPYKTYPHI
(koH(OpMalIMK) XUMHUYECKUX DPEareHTOB COBIMAJAIOT B COOTBETCTBHHM C CXEMOM «KIIIOY-3aMOK». MarHuTHbIE IOJsI MOTYT
OKa3bIBaTh PE30HAHCHOE BO3JCHCTBHE HAa CIMHBI aTOMOB CHUTHAJIBHBIX MOJIEKYJ M PEIENTOPOB, YTO MOXKET NPHBECTH K
N3MEHEHHIO KOH(opMaruy 3TuX MoneKyi. V3-3a KoHOPMalMOHHBIX U3MEHEHUH MOJIEKYJISIPHBIE CUTHAIIBI MOTYT HE IPOUTH
pELENTOpHbIH  TecT W 3a0JOKMpPOBAThCS, YTO  NPEKpaIlaeT  PacTUTEIbHO-OAKTepHaJbHBIE  B3aMMOJCHCTBHSI.
Jist moaTBepkaeHus 3Toro 3¢dekra ObLI MpOBeNeH JKCrepuMeHT c¢ Oakrepusimu Sphingomonas sp. KI1B u pactenusimn
ropoxa. ®uroropmonsl 6aktepuii Sphingomonas sp. K1b BausiioT Ha CHHTE3 3THIICHA B PaCTCHUSIX M MHTHOMPYIOT pa3BUTHE
KOPHEBOM CHCTEMBI 3THX PAaCTeHUH. B IpoBeneHHOM HCCIeZOBaHUM PACTEHHsI TOpOXa BBIPAIMBAINCL HA T'MIPOINOHUKE (5
cocyloB MO 4 pacTeHHS B KaXJOM BapHAHTE OIMbBITa). XUMHYECKHH COCTaB CTEPMIIM30BAHHOTO IHMTATEIHHOTO PacTBOpA:
Ca(NOs)2; K,HPOs; MgSO.; CaCly; KCl; KNOs; FeCsHiOp; mMukpoanementsl. B xonTponmbHOM BapuanTe Nel pacreHwst
BEIpAIIMBAIACE 0Oe3 BHEImHUX Bo3aeicTBuid. B Bapmante No2 m Ned OGakrtepum Sphingomonas sp. KIB BBomsitcs B
nuTatenbHbli pacteop (10° xu/mm). B Bapmante Ne3 m Ned pacTeHHs TOpoXa BMECTE ¢ COCYNAMM ITOMEMIAINCH (HA OMIHY
MHUHYTY B CYTKHM) B MarHUTHOE TOJIe, TEHEPUPYEMOe criennalbHBIM ycTpoiicTBoM (40-100 muTi). DkcriepuMeHT mokasai, 4To
CpeHMe MacChl BIAXHBIX KOpHe# ropoxa B BapuanTax Nel, Ne3 u Ned4 6mmzkum (453, 539 u 510 mr/pact.; SE=10 mr/pacr.), a B
Bapuante Ne2 cymectBeHHo Menblre (202 mr/pacrenue; SE=10 mr/pact.). Pasnuume macc kopHeW pacTeHHi ropoxa B
BapuaHTax Ne2 m Ne4 nokas3bIBaeT, 4YTO MarHUTHOTO MOJS MOTYT OJIOKMPOBAaTh MHTMOMPYIOLIHME IPOLECCHl B PAaCTEHHSX,
WHUIMMPOBaHHbIE OakTepusaMu. TakuM o00pa3oM, pacTUTENbHO-OAKTEPHAIBHBIH CHTHAJIHMHT B MHKPOOHO-PACTUTEIHHBIX
OuocHcTeMax OKa3bIBAeTCsS YYBCTBHUTENBHBIM K BHEUIHUM BO3ACHCTBHUSIM, €CIIM MPU ITOM H3MEHSETCS MPOCTPAHCTBEHHAS
KoH(opManus 0aKTepHaIbHBIX CUTHAIBHBIX MOJICKYII M PACTUTEIBHBIX PELETITOPOB.

Plant-microbial signaling in the conditions of the magnetic irradiation
Vorobyov N.I., Puhalsky Ya.V., Belimov A.A., Pishchik VIN., Sviridova O.V., Tolmachev S.Yu.
'All-Russian Research Institute for Agricultural Microbiology, Saint-Petersburg, Russia
?Agrophysical Research Institute, Saint-Petersburg, Russia
3ANSO "International Institute of Noosphere Technologies", Moscow, Russia

The blocking by magnetic fields of intercomponent molecular signaling in the biosystem "bacteria Sphingomonas sp. K1b -
pea plants" has studied. Intercomponent signaling channels in the biosystem are protect by a conformational test. In these
channels signals pass only when the spatial structures (conformation) of chemical reagents coincide in accordance with the
"key-castle" scheme. Magnetic fields can have a resonant effect on the atomic spins of signal molecules and receptors, which
can lead to a change in the conformation of these molecules. Due to conformational changes molecular signals may not pass
the receptor test and become blocked which stops the plant-bacterial interactions. To confirm this effect the experiment
conducted with bacteria Sphingomonas sp. K1B and with pea plants. Phytohormones of bacteria Sphingomonas sp. K1b affect
to the synthesis of ethylene in plants and inhibit the development of the root system of these plants. In this study, the pea plants
on hydroponics were grown (5 vessels with 4 plants in each variant of the experiment). The chemical composition of the
sterilized nutrient solution: Ca(NOs)2; K, HPO4; MgS0,; CaCly; KCL; KNO;; FeCsH4Os; microelements. In the control variant
No. 1, the plants without external influences were grown. In variants No. 2 and No. 4, bacteria Sphingomonas sp. K1B
introduce into the nutrient solution (10° cells / ml). In variant No. 3 and No. 4 pea plants along with the vessels were placed
(for one minute per day) in a magnetic field generated by a special device (40-100 mIT). The experiment was showed that the
average masses of wet pea roots in variants No. 1, No. 3 and No. 4 are close (453, 539 and 510 mg / plant, SE = 10 mg / plant),
and in variant No. 2 it is much smaller (202 mg / plant SE = 10 mg / plant). The difference in the mass of roots of pea plants in
variants No. 2 and No. 4 proves that the magnetic field can block inhibitory processes in plants initiated by bacteria. Thus,
plant-bacterial signaling in plant-microbial biosystems is sensitive to external influences, if the spatial conformation of
bacterial signal molecules and plant receptors change.
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Kononnzanusi npopocTKoB MIIEHUIIBI COJIETOJEPAHTHBIMHA GaAKTePHSIMH
I'mneBanoBa E.A.
Y pumckwuii uactutyt 6nonorunn YOUL] PAH, Vda, Poccus
E-mail: gelena@anrb.ru

B pabote Obu1a mocraBieHa 3aja4a MOMCKa MUKPOOPTaHU3MOB, CIIOCOOHBIX KOJIOHM3MPOBATh MMPOPOCTKH TIICHUIIBI HA PAHHUX
JTamax pasBUTHUS, CPEAW IIpeJCTaBHTENeH yMepeHHO rano(uibHbBIX OakTepuil. UeThlpe HCHBITYEeMBIX IITaMMa OaKTepui
MIPUHAIEKAT K pa3HbIM TakcoHaM: IB-16 — k rpamMoTpuiiarenbHpIM 0OUTATENSIM COJICHBIX MecT 1 03ep — Halomonas; IB-256 u
IB-B8 — k conentoOuBbIM IpaMItoioKuTeNnbHbIM OanmiiaM Virgibacillus u Oceanobacillus, coorBercTBeHHO; KynbTypa IB-16C
OTHOCHUTCSI K HOPMa(UIbHBIM OAKTEpHUSIM U SIBISIETCS MPEICTaBUTENEM ACHUTPU(UIMPYIOIMX TICeBI0-MOHan Pseudomonas
Stutzeri (BCTpeYaroliascs B MOPCKHX dKOCHCTeMax W pu3ocdepe, u crmocodHas k pocty B mpucyrcteuu 2% NaCl). Cemena
mmeHunsl Triticum aestivum L. copra Omckas 35 crepuim3oBany U o0padaTeIBaIM CyCIIEH3UEH KIETOK, co3fasas TUTp 106
KOE/3epuo mns xymetyp IB-16, IB-256 u IB-BS, u 107 g IB-16C. OnpsIT ObUT BEIIONHEH B ABYX BapHaHTaX: 03 BHECEHUS
NaCl (S-), u Ha done 100 MM NaCl (S+), (0,6%). OuennBanu BcxoxecTs, 6akrepuanbHeiii THTP (KOE) Ha 0O6paboTaHHBIX
cemeHax u THTp Ha KopHsX (KOE/1 r cyx. xopHs) Ha 4 cyTkH. AHaJIU3 IJIOTHOCTH momyisinun 1B-16 u3 romoreHara kopHei
BBISIBIJL, UTO JaHHas GaKTepHabHas KylbTypa YBEIMYUIA CBOM TUTP Ha TOPSAAOK B Bapuante S- (4,3*107) u Ha qBa mopsaxa
(108) B Bapuante S+, 4TO yKa3bIBaeT Ha SIBHOE MPEANIOYTEHUE YCIOBUH C MOBBIILICHHBIM (DOHOM 3aCOJIEHHOCTH JUISl Pa3BUTHS
9TOM KyabTypbl. B ciaydae wHOKymsiuu tmramMmmoMm IB-I6C Habmromaau yBEIHYCHHE IUIOTHOCTH MOMYJSIIMA HAa KOPHSX
MpopocTKax Ooyiee 4eM Ha MOPSIIOK B 00OUX BapUaHTaX OMbITa S- U S+, 9TO CBUAETENBCTBYET O Oojiee MIMPOKOM JHara3oHe
pocTa KyJIbTyphl, He 3aBucsanieM ot npucyTcteus NaCl, B orimmune ot IB-16. Tutp ranoronepantasix 6ammmt IB-256 n IB-B8 x
4-M cyTKaM Majio U3MEHWICS, B ObUIO 3a(pMKCHPOBAHO JIUIL YETHIPEXKPATHOE YBEIMUEHNE TNIOTHOCTH HOMYJISINHY y IITaMMa
[B-256 B BapmanTe S+. BO3MOXHYI0 33/IepXKKy pOCTa Y T'PaMIIOJIOKUTEIBHBIX WHOKYJITHTOB MOXKHO OOBSCHHTH HHU3KUM
cozepkaHueM con B Bapuante ombita S+(0,6%), 9TO HE COOTBETCTBYET €€ ONTHMAJIbHOM KOHIEHTPALUM AT Pa3BUTHS U
JIOCTIDKEHUSI MaKCHMAJIBHON TUIOTHOCTH KyNbTYphl. BexoxkecTh cemsiH, oOpaboraHHbIX mrammoM IB-B8, Obua cpaBHuUMA c
KOHTpOJIEM B BapuaHTe S-, a Ha (oHE 3acojieHus] HaONIONAIOCh JIOCTOBEpHOE CHIDKeHHe Bexokectd Ha 10%. Bo Bcex
OCTaJIbHBIX BapuaHTax 00pabOTKU ceMsiH HaOMIoAN yBelnueHne BexoxecT Ha 4-6% u 8-10% st S- u S+ cOOTBETCTBEHHO.
Takum 00pa3om, ompeselieH XapakTep Pa3BUTHA TPEX YMEPEHHO TaloQWIIBHBIX M OJHOrO HOpMAa(WIILHOTO INTAMMOB Ha
KOpHSIX TIIeHHIE!. MccnenoBanue BRITIOMHEHO IPU YaCTHYHOH PrHaHCOBOH mopuepkke PODU, npoext Nel8-04-00577 A.

Colonization of wheat seedling with salt tolerant bacteria
Gilvanova E.A.
Ufa Institute of Biology UFRC RAS, Ufa, Russia

The task was to search moderately halophilic bacteria capable of colonizing wheat seedlings in the early stages of
development. Four test strains of bacteria belong to different taxa: IB-16 - to Gram-negative inhabitants of saline places and
lakes - Halomonas; IB-256 and IB-BS - to the salt loving gram-positive bacilli Virgibacillus and Oceanobacillus, respectively;
culture IB-16C is a representative of the denitrifying pseudomonads Pseudomonas stutzeri. Seeds of wheat Triticum aestivum
L. cv Omskaya 35 were sterilized and treated with a cell suspension, creating a titer of 106 CFU / grain for IB-IB, IB-256 and
IB-B8, and 107 for IB-I6C. The experiment was performed in two variants: without NaCl (S-), and on the background of 100
mM NaCl (S+). The germination capacity, bacterial titer (CFU) on the treated seeds and the titer on the roots (CFU/1g dry
root) after 4 days were assessed. Analysis of the density of the IB-16 population from the root homogenate revealed that this
bacterial culture increased its titer by 10 folds in the S- (4.3*107) variant and by 100 folds (108) in the S+ variant, indicating a
clear preference for the conditions with an increased salinity for the development of this culture. In the case of inoculation with
strain IB-I6C, the population density at the roots of seedlings was increased by more than an order of magnitude in both
variants of the S- and S+ experiments, which indicates a wider range of culture growth, independent of the presence of NaCl,
unlike IB-16. The titer of halotolerant IB-256 and IB-B8 bacilli on the 4th day has changed little, and only a four-fold increase
in the population density of the strain IB-256 in the S+ variant was observed. Possible growth retardation of Gram-positive
inoculants can be explained by the low salt content of the variant S+ (0.6%), which does not correspond to its optimum
concentration for development and achieve maximum culture density. The germination of seeds treated with IB-B8 was
comparable to the control in variant S-, while under salinity, a significant decrease in germination by 10% was observed. In all
other variants of seed treatment, an increase in germination was observed at 4-6% and 8-10% for S- and S+, respectively. Thus,
the character of the development of three moderately halophilic and one normaphilic strain on the roots of wheat was
determined. The possibility of successful colonization of marine inhabitants of the genus Halomonas on the wheat roots with a
preference for growth under conditions of salinity is shown for the first time. The study was carried out with the partial
financial support of the RFBR in the framework of the scientific project No. 18-04-00577 A.
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H3y4yenne 0M0JI0rHYeCKUX CBOICTB HOBBIX IITAMMOB rpu0oB Tpuxonepma, BbIieIeHHBIX U3 MOYBbI Y GUMCKOro
paiioHna
I'mnemaeBa A.B.
OOO "HBII "bamMuKoMm", Y da, Poccus
E-mail: saimonnord@yandex.ru

B Hacrosimee BpeMsi B pa3BUTHH pecypcocOeperaonnx TeXHOIOTHH B CETbCKOM X03HCTBE IpencTaButeny pona Trichoderma
SIBJISIIOTCS OJTHUMH M3 HauOoJiee epcreKTUBHbBIX. [ pubbl pona Trichoderma mmpoKo pacpoCcTpaHEeHbI B OKpYsKarolLlel cpeae u
SIBJISIIOTCSL TPOJYLEHTaMH OOJIBILIOrO KojudecTBa (DEpMEHTOB (LIEIUIIONa3, XUTHHA3 M Jp.), MCHOJIB3YEMbIX B Pa3IM4HBIX
OTpacIAX MPOMBINIJICHHOCTH, IJII KOMIIOCTUPOBAHHA OTXOHOB, IMOJYYCHUSA KOPMOBBIX IMPECHApaToB, a TAKXKE HJIA pa3pa60TKH
npenapatoB — OHOPYHIMIUIOB, KOTOPbIE KOHTPOJHPYIOT OOJE€3HHM U CTHUMYJHMPYIOT pPOCT pacTeHuil. B cBsm3u ¢
BBIIIIECKA3aHHBIM OIPOMHBIN NMPAKTHYECKUH HHTEPEC MPEICTABIACT aHAIN3 PACIPOCTPAHEHHOCTH ¥ BBIJCICHUE TPHOOB poja
Trichoderma wa Teppuropun PecrmyOmuku bamkoprocTaH, a Takke BO3MOXHOCTH WX HCHONB30BAaHMS B IPOHU3BOJCTBE
OuornpernaparoB Uil CEIbCKOXO3SHCTBEHHOM IPOMBINUICHHOCTH. Bplnenenne TrpuOOB NPOBOJMIM METOIOM ITOYBEHHOTO
pa3BeICHUs] C MOCJIEAYIONIMM BBICEBOM Ha NHTATENIbHBIE Cpenbl: KaprodenbHo-rmoko3Held arap (KI'A), cpena Yameka u
noycunrernyeckas cpena (IICC). [lpu nneHTHdUKaIMU TOYBEHHBIX H30JISTOB Ha OCHOBE KYJBTYpPaJIbHO-MOP(OIOTHYECKIX U
MOJIEKYJIIPHO-TEHETHUECKIX METO/IOB HaMHM BbIsiBIeHO 2 Buna: 1. longibrahiatum wn T. artroviride. beina npoBeneHa oleHKa
LEJITIONIO30IUTHYECKONH aKTMBHOCTH METOJIOM  PAa3JIOKEHHUS IEJUTIONO3HBIX (uiasTpoB mpu 37°C, aHTaroHHCTHYECKast
AKTUBHOCTb B OTHOIICHUM (DUTONATOTEHHBIX TpubOB Fusarium oxysporum wu Helminthosporium sativum MeTOIOM JIyHOK. B
CBSI3M C pAasHbBIM CIEKTPOM AHTarOHHNCTHYECKOW aKTHBHOCTHM 2-X BHIOB TpPUXO#epM K (uTomaroreHam, Oblia
MIPOAHATN3NPOBAHA UX MEXIITaAMMOBAst aHTarOHUCTUYECKast aKTHBHOCTh METOIOM COBMECTHOTO KyJIbTHBHPOBAHUS HA TBEPAOH
nuratensHol cpene [ICC. OtcyTcTBME MEXKIITAMMOBOTO aHTAarOHM3Ma BaKHO MPH CO3/AHWM TIPENaparoB Ha OCHOBE
HECKOJIbKHX IITaMMOB. JIJ1s1 HapaOOTKH NMPOM3BOACTBEHHOM OMoMacchl ObUTH OnpoOOBaHbI ABa BUa nuTaresbHbIX cpea: [ICC
n KI'A (arapuzoBanHble W kuakue). KylnbTHBHpOBaHHE MPOBOIMIOCH KaK B YCIOBHSIX adpalvd, Tak ¥ B e€ OoTCyTcTBHH. B
pe3yibrate IPOBENCHHBIX MCCIENOBAaHUN IOJIyYeHbl YHCTBlE KyJAbTypbl mramMmoB 7. longibrahiatum w T. artroviride,
MMpOBE€ACHA HX MacCropTrU3anusa B BKHM, YCTAaHOBJICHO OTCYTCTBHUC MCEKIITAMMOBOI'O aHTAaroHM3Ma W BBIABJICH CIICKTP
AQHTarOHUCTUYECKOM aKTMBHOCTH K (uronaroreHHbIM rpubaM. [logoOpaHbl oNTUMasibHbBIE YCJIOBUSI [yl HapabOTKU
MIPOM3BOJICTBEHHOW OMOMAacchl mTamMMOB. [lomydeHBl 3KCIEpHMEHTANbHBIE CEpHM OHOIpernapaTa Ha OCHOBE BBIICICHHBIX
rpuboB Trichoderma, mpegHa3HAUYCHHOTO UISI WCIOJH30BAaHMS B KadecTBe OHOMYHIMIHIA W PA3NOKEHHUS ITOKHUBHBIX
OCTaTKOB.

Study of biological properties of new Trichoderma fungus strains, recovered from soil in Ufimsky district
Gilmaeva A.V.
00O "NVP" BashInkom" Ufa, Russia

At the present time, Trichoderma is one of the most prospective species in the development of agricultural resource-saving
technologies. Trichoderma fungi are widely spread in the environment producing a large number of enzymes (cellulase,
chitinase, etc.) which are used in different industrial fields for waste composting, new feed products, as well as for
development of biofungicides which control illnesses and boost plant growth. With reference to the above-mentioned facts, the
analysis of abundance and recovery of Trichoderma fungi in the Bashkortostan Republic, as well as opportunities to use them
in agricultural biopreparation production are of great practical interest. Fungi were recovered through soil dilution with further
seeding to culture media: potato-glucose agar, Czapek's medium and semisynthetic medium. In the process of identification of
soil isolates based on culture morphological and molecular genetic methods we elicited two types: T. longibrahiatum and T.
artroviride. We have assessed the cellulose lytic activity with the help of the method of cellulose filter decomposition under
37°C and antagonist activity in the relation to plant pathogenic fungi Fusarium oxysporum and Helminthosporium sativum with
volume displacement method. In connection with the different spectrum of antagonistic activity of 2 trichoderm species to
phytopathogens, their inter-strain antagonistic activity was analyzed by the method of co-cultivation on a solid nutrient
medium of semisynthetic medium. The absence of inter-strain antagonism is important when creating preparations based on
several strains. Two types of culture media were tested for the production of industrial biomass: culture media semisynthetic
medium and potato-glucose agar (agar and liquid). The cultivation was carried out both under the conditions of aeration and in
its absence. As a result of the conducted research we have received pure cultures of 7. longibrahiatum and T. artroviride
strains, which were certified in RNCIM (Russian National Collection of Industrial Microorganisms), defined absence of inter-
strain antagonism and the antagonistic activity spectrum to plant pathogenic fungi as well as selected optimal conditions for
industrial strain biomass run. We have also received experimental series of biopreparation based on recovered Trichoderma
fungi which can be used as biofungicides and decomposition of residues.
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Xo3siickas cnenu(pMIHOCTE MEKPOCUMOMOHTOB peJIMKTOBOr0 0060Boro Vavilovia formosa
Tnanxos I'B., 'Kumexmuc A K., 'Onumyk O.I1., 'Kypuak O.H., 'Tlyxansckuii 51.B., 'Capponosa B.1., 'benmumos A.A.,
'3 Annponos E.E., 'TIposopos H.A.

'Bcepoccuiickuii HaydHO-HCCIEN0BATENbCKAM HHCTUTYT CETbCKOX03MHCTBEHHON MuKpoOuosorun, Cankr-IlerepOypr, Poccus
[Nousennsiii naCTATYT HMenn B. B. Jloxydaesa Poccuiickoii akageMun Hayk, MockBa, Poccust
3Cankr-IleTepOyprekmii rocy1apcTBEHHBIH yHUBEpCHUTET, Kadenpa [enerrku n buorexnonorun, Cankr-Iletep6ypr, Poccus
E-mail: ruginodiis@gmail.com

BasunoBust npekpacnas (Vavilovia formosa (Stev.) An. Fed) nponspacraer B ropHbsix pernoHax Kaskaza u [lepennein Azuu
SIBJISIETCSl OJIM3KUM BHJIOM K aHIIECTPaNbHBbIM (hopMaM O00OBBIX U PENMKTOBBIM HpencTaBuTeneM TpuObl Fabea, obnanaromnmm
Ha0OpOM crHeuu(pHUYECKUX M MaJOM3Y4YEHHBIX MUKpPOCMMOMOHTOB. Haieil wuccnenoBarenbckoii rpynmoil Obuia co3maHa
KOJUICKIIAS MUKPOCHMOMOHTOB BAaBHJIOBHHM W TPOBEICH ICHETHYSCKHI aHAIM3 pa3sHOOOpasus WX CHMOMOTHYECKHX T'EHOB.
Bruto mokazaHo, 9TO H3y4eHHBIE OBICTPOPACTYIIHE IITAMMBI BaBIJIOBHH (YOPMHPYIOT 000CO0IEHHBIN CHMOMOTHIT BHYTPH BUIA
Rhizobium leguminosarum. Yerelpe mramMMa BaBWJIOBMM OBUIM HCCICIOBaHBI HaMH IO XO3SHCKOH cCreru(UIHOCTH
OTHOCHTEJIBHO JBYX KOHTPOJBHBIX IMHPOKOCHEHM(PUYHBIX IITAMMOB MHKPOCHMOHMOHTOB Topoxa. J{is 3Toro, B YCIOBHSX
CTEPHIIBHOTO MHKPOBETETAIMOHHOTO OIbITA MITAMMaMM OBUIM NPOWHOKYJIMPOBAHBI JECATh BHUIOB OOOOBBIX PAaCTEHHH H3
Tpubsl Fabea (Pisum sativum cv. Afghanistan, Pisum sativum SGE, Vicia alpestris, Vicia sativa, Vicia villosa, Lathyrus
sylvestris, Lathyrus pratensis, Lens nigricans, Lens culinaris, Vavilovia formosa). HecMOTps Ha TO, 4TO MHKPOCHMOHMOHTHI
BaBHJIOBUH ()OPMHUPOBAIIY KITyOSHbKH Ha IIMPOKOM CIIEKTPE HCCIIENOBaHHBIX PACTEHHI, KaK M KOHTPOJIbHBIE IITaMMbI TOPOXa,
oneHka 3()GEKTHBHOCTH UX a30T(UKCAIMU METOIOM aleTHICHPEIYKIMU MOKa3ana, Y4To Y TPeX IUTaMMOB KOHIICHTPALHs
STWIIeHA 171l OONBLIMHCTBA pacTeHHH ObUla 3HAYUTENBHO HIDKE, YeM I KOHTpOJs (pa3sHHIa B KOHLIEHTPAlUH 3THICHA B
HEKOTOPBIX CIIydasX COCTaBIsUIa Oonblle Hopsaka). B To ke Bpems 1t HeKoTopwIx pactenuit (V. formosa, V. alpestris)
AlCTIICHPEAYKIUS MPOUCXOANIA TaK JK€ aKTUBHO, KaK M Ui MHUKPOCHMOMOHTOB ropoxa. Takum o0pa3oM, 3()(eKTHBHBII
CUMOMO3 HaOJIOAANCs TOJNBKO C OTHACIBHBIMH BHIaMH OOOOBBIX pacTeHHi TpuObl Fabia. IlodaydeHHBIE pe3yNbTaTHI
MOKa3bIBAIOT, YTO MHUKPOCHUMOHMOHTBHI BaBMJIOBUHM O0JIa[al0T 3HAUMTENILHO OoJiee Y3KOH XO3IHCKOH crenn(uYHOCTBIO, YeM
MHUKPOCUMOMOHTBI TOPOXa, KOTOPhIE CIIOCOOHBI 00pa30BbIBaTh 3((GEKTUBHBIH CUMOMO3 ¢ OOMNbIICH YacThI0 M3YUYCHHBIX HAMU
pacteHuil. DTH aHHBIE Oy/IyT MCIIOJIBb30BaHBI ISl BHISIBICHUS B3AUMOCBS3U MEX/y Clieln(pUIHOCThI0 6000BO-pH300HaIEHOTO
cuMOno3a BaBunoBun npekpacHOW W pe3ysibTaTaMi FeHOMHOTO CHKBEHHPOBAHHUS W3YYCHHBIX IITAMMOB BaBHWIIOBHH. JlaHHOE
HcciefoBanne noaaepkano rpantoM POOU 18-316-00124.

Host specificities of microsymbionts relic legumes Vavilovia formosa
'Gladkov G.V., 'Kimeklis A.K., 'Onishchuk O.P., 'Kurchak O.N., 'Puhalsky Ya.V,, 'Safronova VI., 'Belimov A.A.,
123 Andronov E.E., 'Provorov N.A.
'All-Russian Research Institute of Agricultural Microbiology, St. Petersburg, Russia
2V.V. Dokuchaev Soil Science Institute of Russian Academy of Science, Moscow, Russia
3Saint-Petersburg State University, department of Genetics and Biotechnology, St. Petersburg, Russia

Vavilovia formosa (Stev.) An. Fed grows in the mountain regions of the Caucasus and the Near East and it is close to the
ancestral forms of legumes of the tribe Fabeae. Vavilovia has a set of specific and poorly studied microsymbionts. Our research
team created a collection of microsymbionts of vavilovia and carried out a genetic analysis of the diversity of their symbiotic
genes. It was shown that the studied fast-growing strains of vavilovia form an isolated symbiovar inside the species Rhizobium
leguminosarum. Host specificity of four strains of vavilovia were investigated with respect to two control broadly specific
strains of pea microsymbionts. Ten species of leguminous plants from the tribe Fabea (Pisum sativum cf. Afghanistan, Pisum
sativum SGE, Vicia alpestris, Vicia sativa, Vicia villosa, Lathyrus sylvestris, Lathyrus pratensis, Lens nigricans, Lens culinaris,
Vavilovia formosa) were inoculated in the tube-test. Vavilovia microsymbionts formed nodules on a wide range of investigated
plants, the same as control pea strains. Herewith, the evaluation of their nitrogen fixation efficiency by acetylene reduction
showed that for three strains the concentration of ethylene produced by nodules was much lower than for the control
(difference in ethylene concentration in some cases was more than tenfold). At the same time, for some plants (V. formosa, V.
alpestris), acetylene reduction as high as microsymbionts of peas. Thus, an effective symbiosis was observed only with
individual species of legume plants of the tribe Fabeae. The obtained results show that the microsymbionts of vavilovia have
narrower host specificity than the microsymbionts of peas, which are able to form an effective symbiosis with most of the
plants we studied. This data will be used to reveal the relationship between the specificity of Vavilovia's legume-rhizobia
symbiosis and the results of genome sequencing of the studied strains of vavilovia. This study was supported by the RFBR
grant 18-316-00124.
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Hexonupyromue PHK, kax peryJasiTopsl 3Kclipeccuy reHOB
'Torones 10.B., ‘Muponsruesa A.A., 'Ocunosa E.B., 'Kosryrnos E.A., “Epmexxkanues T.C., “Ucmaunos T.T., 'Toronesa H.E.
'KazaHckuit MFHCTUTYT GHOXUMUM M 6HO(DHU3HUKH - 000COONIEHHOE CTPYKTypHOE HoapasaeneHue OenepanbHoro
TOCYIApCTBEHHOTO OIODKETHOTO YUpekaeHUs Hayku "'"DenepanapHbIi HecneaoBarenbekuil enTp "Ka3zaHckuii HaydHBIH IEHTp
Poccutickoit akagemun Hayk", Kasanp, Poccus
*Kaszanckuii QpenepanbHbiii yansepentet, Kazann, Poccus
E-mail:gogolev.yuri@gmail.com

BricokornpousBonurensHoe cekBenupoBanre PHK BeisiBiIIo ropasgo Oomburyto cioxHocts criektpa PHK y mmpoxoro psaa
OpPTraHMU3MOB, YeM MPENoarajJock panee. B 4acTHOCTH, aHaIM3 TPAaHCKPUIITOMOB HECKOJIBKUX BUIOB OaKTepHil MOKa3al, 4yTo
kommuecTBO Masibix PHK u aHTHCMBICTIOBBIX TPaHCKPUNTOB OBUIO B 3HAUMTEIHHOMN CTENIEHH HEOOOIIEHEHO. B To ke Bpems,
OOHNM M3 Hambojee 0OCYKIAEMBIX BOMPOCOB B 00JACTH TPAHCKPUITOMHUKH SBISETCS (PyHKIIMOHAIBHOCTH HEKOAMPYIOIMINX
tparckpuntoB (HKPHK). CormacHo omHO# m3 Towek 3peHus, ata PHK sBisercs TpaHCKPHUIIIMOHHBIM ITyMOM H TIOOOYHBIM
MIPOJYKTOM, BO3HHUKAIOIIMM BCIEICTBUE «IPOTEKAHUS» pENpeccud Hecnenupuyeckol TpaHcKpunuu. OJHAako MHOTHE
nccienoBanus mnokazanu, 4ro HKPHK B 3HaumTenbHOW cTemeHH CIIOCOOCTBYIOT ITOCTTPAaHCKPHIIIIMOHHOMY KOHTPOIIIO
JKcrpeccur reHoB. bakrepuanshble perynstopHele PHK B ocHOBHOM KoHTponupyroT TpaHcisauuio uin pacnag MPHK, Ho
HEKOTOPBIE TAK)KE CBSI3BIBAIOT OEJIKM U TEM CaMbIM M3MEHSIOT QyHKIHIO Oenka. BobIMHCTBO OaKTepHalbHBIX PETYISITOPHBIX
PHK xomupyioTcsi B T€HOMHBIX JOKyCaX, YAAJCHHBIX OT MX I'€HOB-MHUINIEHEH, W IPH 3TOM MPOSBISAIOT TOJIBKO YAaCTUUHYIO
KOMIUTEMEHTapHOCTh K cBouM MPHK-mumensm. Oanako Hebosbmioe komuuecTBo HKPHK Tpanckpubupyercs ¢ oOparHoi
KOMITJIEMEHTApHOH IIEMM AHHOTUPOBAHHOTO T€HAa U, CIIEIOBATEIbHO, IIOJHOCTBIO WM YaCTHYHO IEPEKPhIBACTCS C
MOTEHIINATbHBIMI MUILICHSIMH.

Hamu 6but ncnons3oBan HOBBIN Metox Cappable-Seq it ananmmsa caiitoB crapra Tpanckpuntouu (TSS) ¢guronarorennoi
Oakrepun Pectobacterium atrosepticum. Kak W OXHZaIOCh, 3HAYMTENbHAs YacTb TPAHCKPHUIIIMOHHOW aKTHBHOCTH
COOTBETCTBOBAJIa MpE/ICKa3aHUsIM Ha OCHOBaHMM aHHOTAl[MM reHoMa. Bmecte ¢ Tem, Obula MOKa3aHa TPaHCKPHUITLIMOHHAS
aKTMBHOCTH B 00JIaCTSIX T€HOMa, HECOBIA/IAIOIIUX C aHHOTaleld. BaXkHO OTMETHTD, 4TO U3MEHEHUS NPOGHIIeH TPAaHCKPHITLIUN
MPHK © smureHeTHdeckoro COCTOSIHHSA TeHOMa, 0COOEHHO NMPOMOTOPHBIX 00JACTAX, MOTYT OBITh CBSA3aHBI C M3MCHEHUSAMHU
TpaHckpuniuu Hekomupytomeln PHK, ompeneneHHON myTeM KOMMYECTBEHHOTO aHaimm3a akTUBHOCTH TSS. Takxke MbI
OTIPEETNIIHN, 9TO y P. atrosepticum KOHBEPTeHTHas TPAHCKPHIIIHS SIBISICTCS MEXaHU3MOM PETYIMPOBAHUSI CHCTEMBI KBOPYM-
CCHCHHTA.

Bruonndopmarnyeckas yacte pabotsl nogepkana rpantom PH® 17-14-01363. VccnenoBanus P. atrosepticum TOAIEp>KaHbl
rpantoM PODOU 17-04-01908.

Noncoding RNAs as regulators of gene expression
'Gogolev Y.V, *Mironycheva A.A., 'Osipova E.V., 'Kovtunov E.A., “Ermekkaliev T.S., “Ismailov T.T., 'Gogoleva N.E.
'Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center of RAS, Kazan, Russia
Kazan Federal University, Kazan, Russia

High-throughput sequencing of RNA in a wide array of organisms have revealed a far more complex network of RNAs than
previously appreciated. In particular transcriptome analyses of several bacterial species have uncovered a hitherto
unappreciated amount of small RNAs and antisense transcripts. However, one of the most highly debated questions in the field
of transcriptomics is the functionality of non-coding transcripts. According to one viewpoint, these transcripts are merely
transcriptional noise and a byproduct of the leakiness of transcriptional repression. However, many studies have shown that
ncRNAs crucially contribute to post-transcriptional control of gene expression. Bacterial regulatory RNAs mainly control
mRNA translation or decay, but some also bind proteins and thereby modify protein function. The majority of bacterial
regulatory RNAs are encoded at genomic locations far away from their target genes and exhibit only partial base
complementarity to their mRNA targets. However, a small number ones are transcribed from the reverse complementary strand
of an annotated gene and hence these fully or partially overlap with their potential targets. We applied a new Cappable-seq
method for analyzing transcription start sites (TSS) in a phytopathogenic bacterium Pectobacterium atrosepticum. As expected,
most transcriptional activity was consistent with predictions from the genome annotation. At the same time, we identified
transcriptional activity in areas of the genome inconsistent with the annotation. It is important to note that changes in mRNAs
transcription profiles and epigenetic genome states, notably at promoters, can be associated with changes in transcription of
non-coding RNA by quantifying TSS activity. Also we have determined that in P. atrosepticum the convergent transcription is
the mechanism of quorum sensing regulation. The bioinformatic part of the work is supported by the Russian Science
Foundation (project No. 17-14-01363). Studies of P. atrosepticum are supported by a grant 17-04-01908 from the RFBR.
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PacTuTenbHO-MUKPOOHBII JHATOr P MOCTPOCHUH MATOCHCTEM
'Torones 10.B., 'Topmkos B.IO., 'Tlerposa O.E., 'lamunosa A.I'., 'Ocunosa E.B., 'T'y6aes P.®., 'Tapacosa H.B.,
*Epmerkanues T.C., “Muponsuesa A.A., 'Toronesa H.E.
'KUBB ®UI] KasPl] PAH, r. Kazans
*Kazanckuii Genepanbabii yauepenteT, Kazann, Poccns
E-mail: gogolev.yuri@gmail.com

W3y4yenue pacTUTENEHO-MUKPOOHBIX COOOIIECTB B MOCIIEAHUE JCCATUIECTHS BBISIBUIO BBICOKYIO CTEIIEHb B3aMMO3aBHCHMOCTH
MHUKpPO- 1 MaKpOOPraHW3MOB. 3HAUNTEJILHO M3MEHWIOCH Hallle IpeJCcTaBlIeHne 0 (opMax MX COBMECTHOIO CYIIECTBOBAHUS U
cnocobax koorepaiui. I'ydokoe u3ydeHne 6000BO-pr300UaATBHOTO CHMOKO03a U APYTUX CICHHATN3UPOBAHHBIX CUCTEM OBLIO
JIOTIOJIHEHO MCCIeIOBaHUEM S1H(UTOB, S3HI0GUTOB U pu3ochepHO MUKPOOUOTHI, BHIMOJHSIONINX Pa3HOOOpa3Hble GyHKLIUH
U, B COBOKYITHOCTH, WTPAOUINX KIIOYEBYIO pOJb B afaNTalliM M HPOAyKTHBHOCTH pacTeHWH. B pesympraTe Clioxmioch
MIPE/ICTABIEHUE O MOJIE3HOW MUKpodiope. Ta MUKpOGIOpa ¢ OXHOH CTOPOHBI yIydIlaeT MUHEPATIbHOE IIUTAHNE PACTEHUH U
obecrieunBaeT OMONPOTEKTOPHBIC CBOWCTBA, a C APYIOH, IOJB3YeTCs NpOrpaMMaMH ITOIIEP)KKH, TaKUMH KaK KOpHEBas
9KCCymalMs. 3araJkod OCTAarOTCs CBEJCHUS O TOM, YTO YacTO BHpPYJEHTHbIE ()OPMBI TaK € IOJB3YIOTCS IOIIEPIKKOH
pacTeHuil. DTO OTHOCHTCS K OMOTPOQHBIM SHIOMUTHBIM TpHOaM, MHKOIUIA3MaM, PaJICTOHUSIM, OOMHIIETAM, HEKOTOPHIM
HemarojaM. boiee Toro, 3Tn MexaHU3MBI MOTYT OBITH 337€HCTBOBAHbBI IIPH ITOCTPOCHUH PACTHTEILHO-MUKPOOHBIX NAaTOCHCTEM
¢ HeKpoTpoHBIMH mMaroreHaMu. [0 KpaiiHell Mepe HEKOTOphIe M3 HHX (OPMHUPYIOTCS B pe3yibrare (DHU3MOJOTHYCCKON
HUHTETpaluun paCTCHI/Iﬁ n MHUKPOOPraHU3MOB, OCHOBAaHHOM Ha B3aMMHOM alantanvu  MapTHEPOB K IMTCIBHOMY
COCYIIECTBOBaHMIO. Tak, B T€HOME BO30yAMTENEH MOKPBIX THHJICH OBIIM BBIBICHBI T'€HBI, XapaKTEPHBIC U1 OHOTPO(HBIX
[IaTOT€HOB, YTO CBHJIETEIBCTBYET O CIIOCOOHOCTH 3THUX OakTepuil K KPOCC-TOJIKY C PacTEHHsMH. Pe3ympraToM Kakoro
B3aUMOJICHCTBHS CITYXKUT JIaTCHTHash MHQEKIHS, a COOTBETCTBYIOIIEE €if COCTOSHHE MAaKpOOpraHW3Ma IIPEe[CTaBIsieT COOOM
HOCHUTEIBCTBO. BeposiTHO, NMEHHO HOCHTENBLCTBO SBIISIETCS Hanbosee pacnpoCcTpaHeHHOHW (OpMOH HWH(EKIUH U CITy>KHT
€CTECTBEHHBIM pe3epByapoM IIaTOICHOB M IIOJMIOHOM ISl BBIPAOOTKM M paclpoOCTpaHEHMsT y HHUX HOBBIX (DakTopoB
BUPYJIEHTHOCTH U YCTOMYMBOCTH, B TOM YHUCIIE, YCTOHUYMBOCTH K aHTHOMOTHKaM. SIBI€HHE HOCHTENILCTBA Y)KE€ JIONr0e BpeMs
ABIIACTCA TPEAMETOM TPUCTAIBHOTO H3YUYCHHA. Iloxa3ana ero POJb B pa3sBUTHHM W NOAACPKAHUU HMMYHHOI'O cCTaTryca
MaKpooOpraHusma. O}IHaKO, HEKOTOPBIEC HOBBLIC AaCICKTbI, BBIABJICHHBIC B IIOCJICAHEE BPEMs, IO3BOJIAIOT pacCMaTpuBaTh
MIAaTOCUCTEMbl KaK HEOTHEMJIEMYIO YacTh CIIOXKHBIX COOOIIECTB M YKa3bIBAlOT HAa HMX BO3MOXKHOE OoOJice CyIIECTBEHHOE
SBOJIOIIMOHHOE M JKOJOTMYecKoe 3HadeHue. Pabora mommepxkana rpantom PH® Nel7-14-01363 (6uomndopmarmaeckuit
aHanm3). M3yueHne MOKpBIX THHJIEH POBOJUIIOCH NP ToyiepxKe rpanToM PODU Nel7-04-01908.

Plant-microbial dialogue in the formation of pathosystems
'Gogolev Y., 'Gorshkov V., 'Petrova O., 'Daminova A., 'Osipova E., 'Gubaev R., 'Tarasova N., ’Ermekkaliev T., Mironycheva
A., 'Gogoileva N.
'Kazan Institute of Biochemistry and Biophysics Federal Research Center "Kazan Scientific Center" Russian Academy of
Sciences, Kazan, Russia
*Kazan Federal University, Kazan, Russia

The study of plant-microbial communities in recent decades has revealed a high degree of interdependence between micro- and
macroorganisms. Our idea of the forms of their joint existence and ways of cooperation has been significantly changed. A
detailed investigation of the legume-rhizobia symbiosis and other specialized systems was supplemented by the study of
epiphytes, endophytes and rhizosphere microbiota, which performing various functions and, in total, playing a key role in the
adaptation and productivity of plants. As a result, the idea of a useful microflora was developed. This microflora on one hand
improves the mineral nutrition of plants and provides bioprotective properties, and on the other hand, it uses support programs,
such as a root exudation. The riddle is the information that virulent forms often have support too. This applies to biotrophic
endophytic fungi, mycoplasmas, ralstonias, oomycetes, and some nematodes. Moreover, these mechanisms can be involved in
the formation of plant-microbial pathosystems with necrotrophic pathogens. At least some of them are formed as a result of
physiological integration of plants and microorganisms based on mutual adaptation of partners to long-term coexistence. The
presence of genes characteristic of biotrophic pathogens in the genome of pathogens of soft rot has been revealed, which
indicates the ability of these bacteria to cross-talk with plants. The result of which interaction is a latent infection and the
corresponding state of the macroorganism is a carriage. It is likely that carriage is the most common form of infection and
serves as a natural reservoir of pathogens and a shooting range for the development and spread of new virulence and resistance
factors, including resistance to antibiotics. The phenomenon of carriage has long been the subject of close study. The role of
carriage in the development and maintenance of the immune status of the macroorganism has been shown. However, some new
aspects recently revealed allow to consider pathosystems as an integral part of complex communities and point to their possible
more emportant evolutionary and ecological significance. This study was supported by the Russian Science Foundation,
project no. 17-14-01363 (bioinformatic analysys). The study of soft rot was carried out with the support of the Russian
Foundation for Basic Research, project no. 17-04-01908.
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I¢ddexTHBHAN IKCIPECCHS TeTEPOJIOTHYHBIX T€HOB B PACTEHUSIX: MTPO0/IeMbI M COBPEMEHHBIE MOAXO0AbI MX pPelleHus
T'onnenxosa-ITaBnosa Y. B.
DdenepaibHOE rocyapCcTBEHHOE OI0DKETHOE yupexxaeHe Hayku MuctuTyT ¢usnonorun pacrenuid uM. K.A. Tumupsizesa
PAH, Mocksa, Poccus
E-mail: irengold58@gmail.com

Co31aHne KCIIepUMEHTAIBHBIX MOJIEEeH TPAHCTEHHBIX pacTeHHH /Uil (pyHKIMOHAIBHOW TeHOMHUKH, KaK M yCIeX B CO3JAaHUU
HOBBIX ()OPM pacTEeHHH C 3alaHHBIMU CBOMCTBAMH HMJIM MCIIOJIb30BAaHUU MX B KQUECTBE IEPCIEKTUBHBIX MPOYIIEHTOB, 3aBUCST
oT 3QdeKTHBHOCTH PaOOTHI MEPEHECEHHBIX T'eHOB. D(P(PEKTHBHOCTh IKCIPECCHU T'€HOB PEryJMPYETCsl Ha pasHbIX JTarax:
TPAHCKPUIILNY, TPAHCISLUHN, U CTAOWILHOCTH OEIKOBOTO MPOIYKTa MEPEHOCHMOrO I'eHa, KaX/bli M3 KOTOPBIX MOXKET CTaTh
JMMHUTHPYIOLIUM 3BEHOM ero 3¢ QexkTuBHOI skcnpeccuu. TakuM oOpa3oM, OCHOBHas 3ajiada MCCIEROBaTels — 00ECIeUUTh
KOHTPOJb 3a JKCIPECCHEHl TeTepOoJIOTHYHOTO Te€Ha Ha BCEX JTalax pealn3aldil TeHeTHUeCKoW HH(pOpMamuu. YpoBHEM
TPAHCKPHUIILMK TETEPOJIOTUYHOTO TEeHAa HCCIENOBaTeNb MOXET YIPABIATh 3a CYET IPOMOTOPHBIX W OHXAHCEPHBIX
nocienoBarenbHocTeil. IlomnMo 3TOr0, 3(QEKTUBHOCTE TPAHCKPUIIIMM MOXET OBITH TOYHO OLICHEHa pPa3HOOOPa3HBIMU
meronamu I1IP, craBmmmu yxe kimaccuueckuMu. OnHAKO KpaiHe HEMPOCTO KOHTPOIMPOBATH 3(P(HEKTHBHOCTH TPAHCIALUH
MPHK u crabmibHOCTh OETKOBOTO MPOAYKTa I€TEpPOJIOTHYHOTO T'eHA, TOCKOJIBbKY O PETYISIIMH Ha YPOBHE TPAaHCISIIUU M
cTabuIbHOCTH OeJiKka M3BECTHO 3HAYUTEIHHO MeHblIe. COrllacHO TEeKylleMy MHEHHIO, OCHOBAHHOMY Ha JKCIIEPUMEHTAIbHBIX
JIAaHHBIX — Koppensauus mMexay yposHsimu MPHK u Oenka Gonee, ueM ckpomHasi, T.e. n3MeHeHue ypoBHsi MPHK koHkpeTHOTO
reHa He 0053aTeNbHO IPUBOIUT K 0XKUAAEMOMY MU3MEHEHHUIO YPOBHS COOTBETCTBYIOIIETO OeJIKa.

HecMmoTps Ha CIOXKHOCTB TPaHCISALHMOHHOIO KOHTpoisl mHAMBHAYyalbHEIX MPHK, B Xoze BBINOIHEHHS TPAaHCKPUITOMHBIX U
IIPOTEOMHBIX IPOEKTOB JOCTHIHYTHI HECOMHEHHBIE YCIIEXU B MPOSICHCHWH TOHKOW PEryisinuu 3(Q(EeKTHBHOCTH TPaHCIALUH
MPHK wu crabunsHocTi GenmkoB. CoBpeMeHHBIE MOAXoas! oOecnedeHust SpPEKTUBHON SKCIIPECCHH TeTEPOIOTHYHBIX TEHOB B
pacTeHUsIX Ha BCEX dTanax peajn3alli T'eHeTHYecKod MH(popManuu OyayT OcBemIeHHl B Aokiane. Kparko, Takne momxons
OCHOBaHBI Ha TIOHMCKe, in silico aHaiaM3e, KOHCTPYWPOBaHMHM W anpoOMPOBAHWU TEHETHYECKHUX JETEPMHUHAHT, KOTOpBIC
oOycnaBnuBanyd Obl HE TOJIBKO 3(P(EKTHBHYIO, HO U ONTUMAIBHYIO DKCIPECCHIO II€JIEBBIX I'€HOB B PAaCTCHUSX, a TaKkKe
CTaOMIBHOCTh MX OENKOBBIX MPOAYKTOB. I MOCKONBKY OENKOBBIE NPOTYKTHI HMEIOT KPUTHUECKOE 3HA4YeHHE [
KHM3HENISSTENbHOCTH OpraHu3Ma B 1EJIOM, HCIIOJb30BAHUE 3HAHMH O MeXaHHW3Max peryisiinuu 3(QGEeKTUBHOCTH TPAHCISALUH
MPHK u crabuiapHOCTH 0ENTKOBOrO MPOIYKTa SBISETCS HCKIIOYUTENBHO BAXXHBIM [UIS MX NPAKTHYECKOTO NMPHUMEHEHHS TPH
CO3JJaHUH TPAHCTEHHBIX PAaCTeHHUH T (yHIaMEHTAIbHBIX U MPUKIAIHBIX HCCIIETOBAHIH.

Pabora BrImonHeHa mpu mojuiepxkke rpanta POON Nel7-04-00783 a.

Effective expression of heterologous genes in plants: problems and modern approaches to their solution
Goldenkova-Pavlova L. V.
K.A. Timiryazev Institute of Plant Physiology RAS, Moscow, Russia

The creation of experimental models of transgenic plants for functional genomics, as well as the success in creating new plant
forms with given properties or using them as promising producers, depend on the efficiency of the transferred genes. The
efficiency of gene expression is regulated at different stages: transcription, translation, and stability of the protein product of
the hetelogous gene, each of which can become a limiting stage of its effective expression. Thus, the main task of the
researcher is to control the expression of the heterologous gene at all stages of the genetic information realization. The level of
transcription of the heterologous gene can be controlled by the promoter and enhancer sequences. In addition, the effectiveness
of transcription can be accurately assessed by a variety of PCR techniques that have become classic. However, it is extremely
difficult to control the efficiency of mRNA translation and the stability of the protein product of the heterologous gene, since
much less is known about regulation at the translation level and protein stability. According to the current opinion, based on
experimental data - the correlation between mRNA and protein levels is more than modest, i.e. a change in mRNA level of a
particular gene does not necessarily lead to the expected change in the level of the corresponding protein.

Despite the complexity of the translational control of individual mRNAs, during the implementation of transcriptomic and
proteomic projects, undoubted progress has been made in elucidating the fine regulation of mRNA translation efficiency and
protein stability. Modern approaches to ensure effective expression of heterologous genes in plants at all stages of the
implementation of genetic information will be covered in the report. Briefly, such approaches are based on the search for, in
silico analysis, the design and verification of genetic determinants that would not only lead to an effective but also optimal
expression of target genes in plants, as well as the stability of its protein products. And since protein products are of critical
importance for the life of the organism as a whole, the use of knowledge about the mechanisms of regulating the efficiency of
mRNA translation and the stability of the protein product is extremely important for their practical application in the creation
of transgenic plants for basic and applied research. The work was supported by the RFBR grant No. 17-04-00783_a.
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YkopeHeHHe cMOpPOIUHBI YepHOii (Ribes nigrum L.) B KyabType in vitro
'Tonosuna JI.A.,*Ummyparosa M.M.
'®T'BHY Y pumMckuii henepansHbli HCcnenoBaTenbCKuil eHTp Poccuniickoit akanemun nHayk, Y da, Poccus
’BaIIKMPCKHUI TOCYIapCTBEHHEIN yHHBEpCHUTET, Y da, Poccns
E-mail: ludmilab2010@mail.ru

Ha ceromusmHWi IeHb KIOHATHHOE MHKPOPA3MHOKEHHE SIBISIETCS HEPCHEKTUBHBIM CIIOCOOOM MONYyYEHHUS ITOCAJI0YHOTO
Marepraja CMOPOIMHBI uyepHOi (Ribes nigrum L.). OmHEM W3 BaXXHBIX MOMEHTOB B KJIIOHAIFHOM MHKPOPa3MHOKCHUH
SBISIETCS OTall YKOPEHEHHs DPAcCTEHWH, IOJNYYEeHHBIX B YCIOBHAX in vitro. llenp Hammx wucciienoBaHud - 1ojo0Opath
ONTHUMAJFHBIE YCIOBUS [UISI YKOPEHEHHS MHKPONOOETrOoB CMOPOAMHBI HYEPHOI IMOMYYEHHBIX B pe3yJibrare KIOHAJIBLHOTO
MHUKPOPa3MHOKEeHUs in vitro. OObEKThl HCCIICAOBAHUS — COPTa CMOPOAMHBI YepHOW Oamkupckod cenekunu Kapaupenb u
Yumma (BxiroueHs! B ['ocpeectp mo IX permony P®), B kagecTBe KOHTpOIs Mcmons3oBainu copt Cesrer ['omyOku (BpIBeIeH B
HUN Cubupn um. M.A. JlucaBenko), BkimroueHHbIH B ['ocpeectp mo I-V, VII, IX, X, XI permonam P®. Yropenenme
MHKporoderoB (pasmeps! 1,0 - 1,5 ¢cM) MyJIbTUIIIMIMPOBAHHBIX (A Vitro W TOMyYeHHE PacTEHUH-PEreHepaHTOB MPOBOAMIN B
Hayalle WIOHS. B KauecTBe MHUTATeThHOH Cpemsl A YKOPEHEHHs HCIONB30Bad MOAUDUIIMPOBAHHYIO MUTATEIBHYIO CPEmy
Mypacure-Ckyra (MC), pH 5,5-5.8. B xauecTBe peryssropa pocTa HCHONb30BAIN WHAONWI-3-yKeycHyo. kucinoty (MYK) B
koHnenTpauuu 0,1 - 1,0 Mr/n. [nuTensHOCTh MaccHpoOBaHUS MHUKPOIOOEroB Ha NMHTATENILHOM cpene cocrtaBwiia 21 JieHb.
[Tono6pansl onTuManbHble KoHIeHTpaund WMYK B mnurtatensHOM cpeae KyIbTHBHPOBAaHHMS Ha JTarne YKOPCHEHHUS
MHUKponoberoB. OTMEYeHO, 4TO JUIsi YKOPEHEHUs] MHKPONOOEroB copToB cMopoauHbl uepHoW Cesneny [onyOku m Yumma
Hambonee OmarompusaTHOW sBisiercs koHmeHtpanus MYK 0,75 wmr/m, a mns copra Kapampens mpenmodTHTensHBI HU3KHE
koHneHTparmu MUYK 0,1 - 0,25 mr/n. Ha pa3ButrHe KOpHEBOWH CHCTEMBI PAaCTCHHUH-PETEHEPAHTOB ITOJIOKHUTEIGHO BIHSET
koHnenTpanuss MYK 0,25 Mr/n Ha Bcex M3ydaeMbIX HaMH cCOpTax. B BapuaHTax C TOBBIIIEHHOH B NMUTATEIBHOW cpene
koHeHTparueir UYK ot 0,5 mr/mn mo 1,0 Mr/m oTMedeHBl MakCHMallbHBIE IPUPOCTHI JUTHHEI T00era 1 MakKCHMalbHOE YHCIIO
JIMCTHEB Y COPTOB CMOPOJIMHBI OamKUpcKoi cenmekiuu. [Ipu 3ToM Ha poct moGera y copra CesHen ['omyOKH MO3HTHBHO
BiusroT kKoHneHTparuu UYK 0,1 - 0,25 mr/n. OnTuManbHbie pasMepbl MHKPOIOOErOB CMOPOAMHBI YEPHOW OalIKHpCKON
CEJICKITUH, HCTIONIb3YEMbIE Il YKOPEHEHUS B KYJILTYPE i1 Vitro, IBISIFOTCS MUKpOYepeHKH ¢ amuHoi 1,0-1,5 cm.

Rooting of black currant (Ribes nigrum L.) in vitro
'Golovina L.A.,”Ishmuratova M. M.
'FSBSI Ufa Federal Research Center of Russian Academy of Sciences, Ufa, Russia
“Bashkir state University, Ufa, Russia

To date, clonal micropropagation is a promising method of producing planting material of black currant (Ribes nigrum L.). One
of the important points in the clonal micro-multiplication is the stage of rooting plants obtained in vitro. The purpose of our
research is to find the optimal conditions for rooting black currant microbreeds obtained as a result of clonal micro -
multiplication in vitro. Objects of research — varieties of black currant breeding Bashkir Karaidel and Chishma (included in the
state register on the IX region of the Russian Federation) was used, as control variety is a Seedling of the Dove (bred in
research Institute of Siberia to them. M. A. lisavenko) included in the state register on the I-V, VII, IX, X, XI regions of the
Russian Federation. Rooting of microbreeds (size 1,0 - 1,5 cm) multiplicated in vitro and obtaining regenerative plants was
carried out in early June. As a nutrient medium for rooting was used a modified nutrient Murashige-Skoog medium (MS), pH
5.5-5.8. As growth regulators used were indole-3-acetic acid (IAA) at a concentration of 0.1 - 1.0 mg/L. The duration of the
passage of micropolygon on a nutrient medium was 21 days. The optimal concentration of IAA in the culture nutrient medium
at the stage of rooting of micro-shoots is selected. It is noted that for rooting of micropolygon varieties of black currant
Seedling Lovebirds and Chishma the most favourable is the IAA concentration 0.75 mg/1 and for grades Karaidel the preferred
low concentration of [AA 0.1 - 0.25 mg/L. The development of the root system of regenerant plants is positively influenced by
the concentration of IAA of 0.25 mg/I on all the varieties studied by us. In variants with increased concentration of IAA in the
nutrient medium from 0.5 mg/l to 1.0 mg/l, the maximum increments in the escape length and the maximum number of leaves
in the varieties of the Bashkir currant breeding were noted. While on shoot growth in the variety, Seedling Lovebirds have a
positive effect of IAA concentrations of 0.1 - 0.25 mg/L. The optimal sizes of microbreeds of black Bashkir currant breeding,
used for rooting in culture in vitro, are micro-gears with a length of 1.0-1.5 cm.
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Jlokanu3anus NepoKcHia BOAOPOAA B KJIyOeHbKaxX ropoxa
T'opmikoB A.IL., [{piranoBa A.B., I{piranos B.E.
Bcepoccuiickuii HayuHO-HCCIIEIOBATEILCKUI HHCTUTYT CENbCKOX03siicTBeHHON MUKpoOuosoruu, Cankr-IlerepOypr, Poccus
E-mail:artemius 1993@yandex.ru

OyHKIIMOHNPOBAaHNE HUTPOTE€HA3bl — OCHOBHOTO (pepMEeHTa a30TPHKCAINU — B CHMOMOTHYECKUX KITyOCHbKaX MPOWCXOIUT B
MHUKpPOa3pOOHBIX ycinoBusX. OmHAKo B pe3ynbTaTe (M3HOJOTMYECKHX IHPOLECCOB B KIETKax 0Opa3yrOTCs MHOTOYMCIICHHBIC
akTuBHBIE (opMmbl kucnopona (ADPK). Oxgnoit 3 Haubonee pacrnpocrpaneHHbix ADK sBisiercs nepokcun Bogopoaa (H-O»),
KOTOpPBIH, KPOME TOr0, UIPAacTBaXHYIO pOJb B Yy3HABaHWM, CUTHAJIMHIE M MMMYHHBIX oTBeTax. OnHAaKo OOJBLIIMHCTBO
MCCJICZIOBAaHUI TIOCBSIIEHBl PAaHHUM CTaAMsIM WH(EKIHOHHOTO mpoliecca, J0 (GOpMUpOBaHMs 3pesioro KiyOeHbka. [loaTomy
OousblION MHTEpec mpeacTapisier Jokanmusanus H,O, Ha MO3AHMX cramusx pa3BuThsi KiyOeHbka. Ilpu mpoBeneHuu
UTOXUMHYECKOTO UCCIIeIOBaHUs OBUIO M3ydeHo pacrpeneneHne H,O, B kiryOeHpKax ropoxa TeHOTHIIOB IuKoro Tuma Sparkle
u Sprint-2, a Takke MOJIYYCHHBIX Ha WX ocHoBe MyTaHTOB E135F(syml3), ¢opmupyromero xiryOSHBKH, B KOTOPBIX
HaOmolaeTcsl MpPEeXIAEBPEMEHHas JAerpajanus CHMOMOTHYECKHX CTPyKTyp, Sprint-2Fix-(sym31), XxapakTepusyromerocs
KITyOeHbKaMu ¢ HemupepeHIMPOBaHHBIMI OaKTEepONIaMH, IBOWHOW MyTanTHOW mwHHA RBT(syml3,sym31), Taxxke
(dopmupytoreit KiyoeHbkH ¢ Hetn(ppepeHIIMPOBaHHBIME OaKTEpOUIaMH.

B kiryOenbkax ropoxa copra Sparkle u nuHun Sprint-2 nepekuch Bogopoaa HaOmoianachk B KIETOUHBIX CTEHKaX, CTEHKaX M
MaTpUKCe 3pelibiX MH(EKIMOHHBIX HUTEeH. XapakTep OTIOKEHHH MEepPruIpoKCHaa HepHs 3aBUCEN OT 30HbI CHMOMOTHYECKOTO
KiyOeHbka. B kiyOeHbKax MYTaHTOB XapakTep paclpeieleHHs MEepeKHCH BOJIOpona ObUI aHAJOTHYEH TAKOBOMY Y JMKOIO
THTA, OJHAKO KOJHMYECTBO IMPEHHUIHNTATOB MEPTrHApPOKCHAa mepus Obuio Ooxpmie. s myrtanta Sprint-2Fix-(sym31) O6wnio
XapaKkTepHO HaIWYME TNPEHUNUTATOB IIEPTrHIPOKCHAA IIEpUs B sOpax, OJHAKO OHU OTCYTCTBOBAIM y ABOMHOTO MyTaHTa
RBT(sym13,sym31).IlpoBeneHHbI aHann3 MO3BOJSIET IPEINIONOXKUTh, YTO TEPEKHUCh BOJOPOJA Y4YacTBYET B Pa3BHTHH
NHQEKIMOHHON HUTH N Aud(depeHIupoBKe OAKTEpPONAOB. 3aMETHOE YBEIMUYEHHE IPEHUINTATOB NEPrHAPOKCHIA LEpUs B
KIyOeHbKaX MYTAHTHBIX JIMHMH YKa3blBa€T Ha IPEXKICBPEMEHHYIO Jerpajaliio CUMOMOTHYECKUX CTPYKTYp TIpH
HeappekTuBHOM cuMOmo3e. Pabora nmognep:xana PH®17-76-30016.

Localization of hydrogen peroxide in pea nodules
Gorshkov A.P., Tsyganova A.V. Tsyganov V.E.
All-Russia Research Institute for Agricultural Microbiology, Saint-Petersburg, Russia

Functioning of nitrogenase, which is the basic enzyme of nitrogen fixation in symbiotic nodules occurs in microaerobic
conditions. However, as a result of physiological processes, numerous active oxygen species (ROS) are formed in the cells.
One of the most common ROS is hydrogen peroxide (H.O.),which, in addition, plays an important role in recognition,
signaling and immune responses. However, most studies focus on the early stages of infection, before the formation of the
mature nodule. Therefore, localization of H,O, at the late stages of nodule development is of great interest. During the
cytochemical study, the distribution of H,O, was studied in the nodules of pea wild type genotypes Sparkle and Sprint-2, as
well as in the corresponding mutants E135F(sym13), forming nodules with a premature degradation of symbiotic structures,
Sprint-2Fix-(sym31),characterized ~ with nodules contained undifferentiated bacteroids, double mutant line
RBT(sym13,sym31),also forming nodules with undifferentiated bacteroids. In the nodules of pea cultivar Sparkle and line
Sprint-2 hydrogen peroxide was observed in the cell walls, walls and matrix of mature infection threads. The pattern of cerium
peroxide depositions was dependent on the zone of the symbiotic nodule. In the nodule of mutants, the pattern of the hydrogen
peroxide distributionwas similar to wild type,but the amount of cerium peroxide precipitates was increased. The mutant Sprint-
2Fix- (sym31) was characterized by the presence of cerium peroxide precipitates in nuclei;however, they were absent in the
double mutant RBT(sym13, sym31).The performed analyses allow suggesting that hydrogen peroxide participates in the
development of infection threads and the bacteroid differentiation.A noticeable increase in cerium peroxide precipitates in
nodules of the mutant lines indicates a premature degradation of symbiotic structures during ineffective symbiosis. The study
was supported by RSF 17-76-30016.
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Bymmsinne cycnensuu Bopopociei ponos Coelastrella/Scotiellopsis na 6mosiornyeckue cBoiicrsa ceMsi Lepidium sativum
L.
Toctes E.@., Annarysarora P.3., Kyucoaesa JI.®., I'yoariaymwnna .M., Mnsunbaesa K.B., Bunsnanosa I'.1., Jlomamze C.B.,
Taiicuna JLA.
Bamxupckuii rocygapcTBeHHBIH Meqarorndeckiii yausepeuter uM.M. Axmyimisl, Y ¢a, Poccus
E-mail: lira.gaisina@mail.ru

Bonopocnu cemeiictBa Scenedesmaceae MOTYT WCIIONB30BaThCS B KayeCTBE CTUMYJSITOPOB POCTA CEINBCKOXO3SHCTBEHHBIX
pacTeHui, YTO MOATBEP)KAAETCS LENbIM psioM nyoOnukauuii. llenbio nccinenoBaHust ObUIO M3yUSHHE BIMSIHUS CYCIIEH3UH
mrramma Bogopociu Coelastrella/Scotiellopsis, BbIeIeHHOTO U3 MOYBBI Ha TeppuTOpuH HOHO-Ypanbckoro peruona. IItamm
KyJIbTUBUPOBAIM Ha XKHUAKOM muTaTenbHOU cpeae bonna. B ombitax ucnomnp3oBanu 10-cyTouHyro cycrnieH3uio Bojopocau. s
OIICHKH BO3JCHCTBUS KYIBTypaIbHOW >KUIKOCTH Ha BCXOXKECTh CeMsH Lepidium sativum L.- Kpecc-camaTa — TpOBOAWIH
COTJIACHO CTaHIAPTHOH MeToauke ¢ Moupukamusmu. B gamku [lerpn momemanu mo aBa cios (GMIBTPOBAIBHON Oymarw,
Iocjie 4ero B HUX packiaabBany mo 20 cemsH um HamuBanu mo 10 mi cycneH3nu Bomopociu. B kaxnoil moBTOpHOCTH
skcnepuMenTa ucnbitbiBasid o 100 cemsin. KonTposnem city>xuim ceMeHa, 3aMOueHHbIe B XKUAKOHN cpene bonna. JInurensHocTh
SKCIIEPUMEHTa COCTaBJsIa 7 CyTOK. AHaNM3WPOBAJIM BIWSHHE CYCIICH3MH Ha JUIMHY KOPEIIKOB, IIPOPOCTKOB M BCXOXKECTb
cemsH. CTaTUCTHYECKYIO0 00pabOTKy pe3ysbTaToB MPOBOJMIM C UCIIOJIb30BaHMEM IporpaMMsbl Statistica. YCTaHOBJIEHO, YTO B
pe3ynbTate Bo3aeicTBus cycnensun mramma Coelastrella/Scotiellopsis Ha ceMeHa Kpecc-caiaTa BCXOKECTh CEMSH BO3pOciia ¢
59 no 82%. Vcnons30BaHUE CYCIIEH3MH BOJOPOCIHM NMPHUBOAWIO K TOCTOBEPHOMY IO KpuTepuio CThIOACHTA YBETUYECHHUIO
cpemHel ATIHBI KopemmkoB ¢ 11, 2 mo 22,8 MM (t=6,75). B To e Bpems, CyCIeH3Hs He OKa3alia BIUSHUS Ha JJIHHY IPOPOCTKOB.
B KoHTpome u ombpITe 3TOT MOKa3atens Obul paBeH 16,7 mm. Takum o00pa3oMm, CyCIIEH3WsS HCCIEIyeMOTO IITaMM
Coelastrella/Scotiellopsis oka3ana cTUMyTHpYOIIee NCHCTBAE HA BCXOXKECTh U JITHHY KOPEIIKOB Kpecc-callaTa IIOCEBHOTO, YTO
JTOKa3bIBACT MEPCIEKTHBHOCTD UCTIONB30BAHUS 3TOH BOIOPOCIH KaK CTHMYJISATOPA POCTA CEIbCKOXO3SMCTBEHHBIX PACTCHUN.

Influence of a suspension of algae Coelastrella/Scotiellopsis on the biological properties of the seeds of Lepidium sativum
L.
Gostev E.F., Allaguvatova R. Z., Kunsbaeva D.F., Gubaidullina G.M., Iichibaeva K.V,, Vildanova G.I., Lomadze S.V., Gaysina
L.A.
M. Akmullah Bashkir State Pedagogical University, Ufa, Russia

Algae of family Scenedesmaceae can be used as growth stimulants for agricultural plants, as evidenced by a number of
publications. The aim of the study was to research the effect of a suspension of the Coelastrella / Scotiellopsis strain isolated
from the soil in the South Ural region. The strain was cultured on Bold's basal liquid medium. Suspension of age of 10 days
was used in the experiments. To assess the effect of the suspension on the germination capacity of Lepidium sativum L. seeds
standard procedure with modifications were used. Two layers of filter paper were placed in Petri dishes, after that 20 seeds
were spread on the paper and 10 ml of suspension were poured into them. In each replication of the experiment 100 seeds were
tested. The control experiment seeds were poured by Bold's liquid medium. The duration of the experiment was 7 days. The
effect of the suspension on the length of rootlets, seedlings and seed germination was analyzed. The statistical analysis of the
results was carried out using Statistica program. It was found, that suspension of the Coelastrella / Scotiellopsis caused
increase the cress-salad seeds germination from 59 to 82%. The use of a suspension of algae resulted in a significant increase
in the mean length of rootlets by t-test from 11.2 to 22.8 mm (t = 6.75). At the same time, the suspension had no effect on the
length of the seedlings. In control and experiment this indicator was equal to 16.7 mm. Thus, the suspension of the investigated
Coelastrella | Scotiellopsis strain had a stimulating effect on the germination and rootlet length of the watercress seedlings,
which proves the prospect this alga as a growth stimulator for agricultural plants.



128
CxpunuHr uzouasitoB Bacillus thuringiensis (Bt) 115 co31aHusi 3K010rnYeckH 0e30NMacCHbIX 0H0JI0rMYecKUX
HHCEKTHLHMI0B
I'pumeuxuna C.J1., Epmonosa B.I1., Pomanosa T.A., Antonen K.C., Huxankos A.A.
®denepanbHOE TOCYAAPCTBEHHOE OI0MKETHOE HAydHOE yupexkIeHrne «Bcepoccniickuii HayqHO-HNCCIIeIOBATEIECKAN HHCTUTYT
CeJIbCKOXO03SICTBEHHOH MUKpoOHonoruny, Cankt-IletepOypr, Poccus
E-mail: svetagrishechkina@mail.ru

B mHacrosimee Bpemst Oaxrepuu Bacillus thuringiensis (Bt) paccmaTpuBaloTCs B KadecTBE OCHOBBI JUIS IPOW3BOJICTBA
OHMOJIOTMYECKUX MHCEKTUIMIHBIX MpernaparoB. Takue rpenaparsl 001a1aloT CeIEeKTHBHOCTBIO AEHCTBHUS, O€30MaCHOCTBIO JUIs
YeJIOBEeKa, TEIUIOKPOBHBIX JKMBOTHBIX, IOJIE3HBIX HACEKOMBIX M OKpYXamomeh cpeapl, B 1enoM. Llempio Hacrosmiero
UCCJICZIOBAHUS SIBUJICS CKPUHUHI HOBBIX d(PQEeKTHUBHBIX H30ss1TOB Bt. J[i1st mpoBeneHus: CKpUHUHra ObLIM COOpaHbl 00pasiibl
MTOYBBI, JIUCTHEB KapTo(enbHOW OOTBHI, OOJNBHBIX M MOTHOMIMX HACEKOMBIX, a TaKKe JPYTHe €CTECTBEHHBIC CyOCTpaThl, Ha
KOTOPBIX MOXET BcTpedarscst Bt. MeTomom ncTomaromerocst Ma3ka OblI MPOBEJEH pacceB 00pa3IoB U3 pa3HbIX CyOCTpaToB Ha
poiOHbIi  arap. Ilocime anammza cBeime 3500 BbIpOCIIMX KOJNOHWMH IO MOpP(OJIOTMYECKHM IpHU3HaKaM oToOpamn 86
WHIIMBUIYAJIBHBIX KIOHOB (M30JITOB), 12 M3 KOTOPBIX, HapsiLy co cropamu, (JOPMUPOBAIM KPHCTAIUINYECKUE SHAOTOKCHHEI
pas3Hoii hopMbl. BrizeneHHble MUKPOOPTaHM3Mbl OTOMPAIN N0 MPH3HAKaM SHTOMOILMIHOCTH U uaeHTHduIMpoBany. JlaHHOe
UCCJIEZIOBAaHUE II03BOJIMJIO KJIACCU(HMUIMPOBATh BBIJENICHHbIE OakTepuu Kak B. thuringiensis n OObeIMHUTH HX B JBa
cepoBapuanTa: H1 (var. thuringiensis kionst 5, 17, 28, 46, 82) u H10 (var. darmstadiensis, kmonsr 12, 15, 32, 35, 39, 48, 56).
[To OHONOrMYECKMM XapaKTepHCTHUKAM IOJYYEHHbIE M30JSThl OKa3aJIMCh OJM3KUMH K THIIOBBIM IITaMMaM. THUTpBI
0TOOPaHHBIX U30JTOB cepoBapuanTos BtH1 m BtH10 Bapeuposamn B mpenenax 1,3x10°-2,5x10° n 1,5x10°-2,4 x10° KOE/mu,
cootBercTBeHHO. [locme cemekiuu tutp y m3oimstToB Ne 17 BtH1 u Ne 56 BtH10 yBemmummucs B 1,32 u 1,5, a conepxanue
sKk30TOKCHHA B 1,52 m 1,7 paza. BakHOIl 0COOEHHOCTBIO M30JATOB, OTHECEHHBIX HaMH K cepoBapuaHTy BtHIO, Oputa mx
NoMM(pYHKIMOHANbHAsT (3HTOMOUMAHAS M aHTU(YHrajgbHas) aKTHBHOCTh. B Ie0M, NpPOBEAEHHBIE HaMU HCCIIEIOBAHHS
MOKa3aJIi BO3MOXKHOCTH BBIJIeNIeHNsT d((QEKTUBHBIX H30JIITOB Bt M3 pasiM4HBIX NMPUPOIHBIX CyOCTpaToB. BBUTH BBIIENECHBI
U30JIATHL JBYX cepoTurioB B. thuringiensis (BtH1 u BtH10), obmamarormmx 3HTOMOUMIAHON aKTUBHOCTHIO. Y TOIYYEHHBIX
n3osaToB BtH10 Obw10 moka3ano Hainuue MONMu(yHKIMOHATBHBIX CBONCTB. CeleKIHs MO3BOJIMIA JOOUTHCS CYHMIECTBEHHOTO
YCHJICHUsI 3THX XO3SICTBEHHO 3HAUMMBIX CBOiicTB. PaGora mopamepkaHa MPOEKTOM MPUKIAJHBIX HAYYHBIX HCCIIEIOBAHUN U
IKCIepIMEHTATBHBIX pa3padboTox (ITHUDP) mo noty mmdp 2017-14-579-0030 mo teme: «Co3maHme MHKPOOHOIOTHIESCKIIX
IIPenaparoB U PACIIUPEHHs aJalTallMOHHOTO MTOTEHIMAA CEIbCKOXO3SCTBEHHBIX KyJIbTYp IO NMUTAHUIO, YCTOHYUBOCTH K
crpeccaM u (uromaroreHam» (mm¢p 3asBku 2017-14-579-0030-013), cormamenune Ne 14.607.21.0178, yHuKambHBIH
uneatTudukarop pador (mpoexkra) RFMEFI60717X0178.

Screening of the Bacillus thuringiensis (Bt) isolates for developing of environmentally friendly biological insecticides
Grishechkina S.D., Ermolova V.P., Romanova T.A., Antonets K.S., Nizhnikov A.A.
Federal State Budget Scientific Institution "All-Russia Research Institute for Agricultural Microbiology", St. Petersburg,
Russia

Currently, Bacillus thuringiensis (Bt) bacteria are considered to be promising for the development of biological insecticides.
These agents have selectivity of action and are safe for humans, warm-blooded animals, beneficial insects and the
environment. The goal of this study was to screen for new effective Bt isolates. For the screening, soil samples, leaves of
potato, sick and dead insects, as well as other natural substrates on which Bt can be found, were collected. Samples were
colony-purified on the plates with fish agar. After analysis of more than 3,500 colonies, 86 individual clones (isolates) were
selected by their morphological features. 12 out of those 86 isolates, along with spores, formed crystalline endotoxins of
different shapes. The isolates were selected by their entomocidal activity and identified. This study allowed to classify selected
bacteria as B. thuringiensis and set them into two serovariants: H1 (var. thuringiensis, clones 5, 17, 28, 46, 82) and H10 (var.
darmstadiensis, clones 12, 15, 32, 35, 39, 48, 56). According to their biological characteristics, the isolates obtained were close
to typical strains. The titers of the selected isolates of the BtH1 and BtH10 serovariants varied between 1.3x10°-2.5x10° and
1.5x10%-2.4x10° CFU / ml, respectively. After selection, the titer of the 17 BtH1 and 56 BtH10 isolates increased by 1.32 and
1.5, and exotoxin content by 1.52 and 1.7 times. An important feature of the isolates classified as the BtH10 serovariant, was
their polyfunctional (entomocidal and antifungal) activity.

Overall, this study demonstrated the possibility of isolating the effective Bt clones from various natural substrates. Isolates of
two B. thuringiensis serotypes (BtH1 and BtH10) with entomocidal activity were selected. The obtained BtH10 isolates
exhibited polyfunctional activity. Selection provided a significant increase in these agriculturally important properties. This
work was supported by the project of applied research and experimental development (PNER) batch 2017-14-579-0030 on the
topic: “Creation of microbiological preparations for expanding the adaptive capacity of agricultural crops for nutrition,
resistance to stress and pathogens” (code of the application 2017-14-579-0030-013), Agreement No. 14.607.21.0178, a unique
identifier (project) RFMEFI60717X0178.
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Ixcnpecc-anann3 azospirillum npu ux nadexnun d6akTeprnogaraMu B NPOBOASIINX CYCIICH3USIX AKYCTHYECKHM
JAaTYHKOM
Tymuait O.U., *3aiiues B.J1., “bopoauna U.A., 'Kapasaesa O.A.
'MIHCTHTYT GHOXMMHH U (PH3MOJIOTUH PacTeHUH H MuKpoopranmusmMoB PAH, Caparos, Poccus.
*CaparoBckuii pumman UHCTUTyTa paquOTEXHUKH U 31eKTpoHuku uM B.A. Korensaukosa PAH, Caparos, Poccus
E-mail: guliy olga@mail.ru

Baxnyilo ponp B Tpoleccax a3oT(UKCAlMM WrpaloT TpaMOTpPHIATENbHBIE POCT-CTUMYIHPYIOIIUE OakTepuu poja
Azospirillum. Cpemy a3ocnupwil HamOoONblee BHUMAaHUE WCCIENOBaTelIe TNpuBIeKaeT BUa Azospirillum brasilense xak
MOJICNbHBIN OOBEKT MPU WU3YYEHHH aCCOLMATUBHBIX W DHIAO(GHUTHBIX PHU30CHMOMO30B, 00pa3yeMbIX OAaKTEpPHSIMH M BBICHIMMH
pacrenusimu. CocTaB M YHCIICHHOCTh ACCOLIMATHBHOW MHUKPOQIIOPHI 3aBHCUT OT CE30HHBIX KOJIEOAHWH M aHTPOMOTEHHBIX
BozzaeiictBuii. [looTOoMy paspaboTka METOHOB, B TOM YHCIE METONOB JETEKIMH KIETOK a30CHHPHILI, ITO3BOJSIOMINX
OCYIIECTBIATh MOHHTOPHHT COCTaBa pH30C(EepHBIX OakTepwil, SBISETCS OTHONH W3 3a/Ja4 COBPEMEHHOH HKOJIOTHIECKON
MHUKPOOHOJIOTHH.

Bupycel Oaktepuii, NOpakaloIMe MHKPOOHbIE KJIETKH, MOTYT OBITh HCIIOJB30BAaHBI JUIsl JETEKLIHH 3THX
MHUKPOOPTaHM3MOB. 3a CUYET pELENTOPOB, PACHONOKEHHBIX Ha ITOBEPXHOCTH KIIETKH, OCYLIECTBISICTCS Yy3HAaBaHUWE W
IIpUKpeIuIeHne 6akTeprodaroB K 0aKTepHanbHbIM KileTkaM. Ha 3ToM 0cHOBaHO GOJNBIIMHCTBO METOJOB JAETEKIIMH MUKPOOHBIX
KJIETOK C MCIIOJIb30BaHuEM OakTeprno(daros, Cpey KOTOPBIX MIMPOKOE paclpoCTpaHeHUE MONYyYHIN OMOCEHCOPHBIE MEeTOIbl. B
MOCJIeIHEe BPEMsi aKTUBHO Pa3BHUBAIOTCSl MCCJIEIOBAHUS O ONPECICHUI0 MUKPOOHBIX KJIETOK C HCIIOJIb30BAaHUEM METO/IOB
9NEKTPOAKYCTHUECKOrO aHalM3a. Ba)KHBIM SBISIETCS ONpeiesieHue MUKPOOHBIX KIJIETOK B pealbHBIX 00pasliax C passIMyHOH
JNEKTPUYECKON IPOBOAMMOCTBIO. BEICOKasg NMPOBOOMMOCTH Cpelbl 3HAYHUTENBHO 3aTpyIHSAEeT BO3MOXKHOCTH OIpeNeTIeHHs
KJIETOK NpH MX MHQeKuun O6akreprodaramu. B paboTte m3yuyeHa BO3MOXHOCTh aHAIN3a OaKTEPUABHBIX KIETOK Ha IpHMeEpe
MIOYBEHHBIX MHUKPOOpPraHu3MoB A. brasilense mramMma Sp7 npu ux uHeknnu cnennpuyubiM Oakreprodparom OAb-Sp7 c
MOMOIIIBIO aKYCTHYECKOT0 IaTYHKa HEITOCPEICTBEHHO B CYCIICH3MH C Pa3IMYHON HaYalbHOW AIEKTPUYECKON MPOBOJUMOCTBIO.
AHanu3 OCHOBaH Ha M3MEPEHHMM BPEMEHHOW 3aBUCHMOCTH (ha3bl M TOJHBIX IOTEPh BBIXOJHBIX CHTHAJOB JaTyhKa Ha
(MKCUPOBAHHOHM YacTOTE MO M TOC]e OMOJIOTMYECKOro B3aUMOJICHCTBHS MHUKPOOHBIE KleTKH — Oakrepuodaru. Pesynmbrarsi
nokasanu, 4ro Oakreprodpar OAb-Sp7 MOXKHO HUCIIOIB30BATH ISl ONPENEICHUS] MUKPOOHBIX KIIETOK a30CHUPUILT METOJOM
3JIEKTPOAKyCTHIECKOTO aHau3a. 110ka3ano, 9To MpoBOAMMOCTE Oy(hepHOro pacTBOpa He NOJDkHA mpebmiatk 10 ~FCwm/cm, a
MHUHUMAJIBHAS OIIpeaenseMas KOHIEHTPAIMs MEKPOOHBIX KIETOK COCTAaBIAET ~10* Kin/mi1.

Pabora BeImONHEHA ITpU YacTHYHOW (puHaHCOBON moanepkke Poccuiickoro ¢onma (yHAaMEHTaTbHBIX HCCIEAOBAHUH
(mpoekt Ne 16-07-00818).

Express-analysis the azospirillum-bacteriophages infection in the conducting suspensions by acoustic sensor
'Guliy O.1., *Zaitsev B.D., *Borodina I.A., 'Karavaeva O.A.
"Institute of Biochemistry and Physiology of Plants & Microorganisms, RAS, Saratov, Russia.
’Kotel’nikov Institute of Radio Engineering and Electronics of RAS, Saratov Branch, Saratov, Russia,

The important role in the processes of nitrogen fixation is played by Gram-negative growth-stimulating bacteria of the
genus Azospirillum. The Azospirillum brasilense species attract the greatest attention of researchers as the model object in the
study of associative and endophytic rhizosimbiosis, formed by bacteria and higher plants. The composition and number of
associative microflora depend on the seasonal variations and anthropogenic influences. Therefore, the development of
methods, including methods for the detection of azospirill cells, which allow monitoring the composition of rhizosphere
bacteria, is one of the tasks of modern ecological microbiology.

Viruses of bacteria that infect microbial cells can be used to detect these microorganisms. Due to the receptors located
on the surface of the cell, recognition and attachment of bacteriophages to bacterial cells are carried out. This is the basis of
most methods for detecting microbial cells by using bacteriophages, among which biosensor methods have been widely used.
Recently, studies on the detection of microbial cells by using electroacoustic methods of analysis have been actively
developed. It is important to determine the microbial cells in real samples with different electrical conductivities. The high
conductivity of the medium makes difficulties to determine the cells when they are infected with bacteriophages. The
possibility of analyzing the bacterial cells by the example of A. brasilense soil microorganisms of strain Sp7 during their
infection by a specific bacteriophage ®Ab-Sp7 was studied by using an acoustic sensor directly in a suspension with the
different initial electrical conductivity. The analysis is based on measuring the time dependence of the phase and the insertion
loss of the sensor output signals at a fixed frequency before and after the biological interaction of the microbial cells-
bacteriophages. The results have shown that the bacteriophage ®Ab-Sp7 can be used to determine the microbial cells of
azospirill by electro-acoustic analysis. It has been shown that the conductivity of the buffer solution must not exceed 10 -"S /
cm, and the minimum detectable concentration of microbial cells is ~ 10 cells / ml.

The work was carried out with the partial financial support of the Russian Foundation for Basic Research (project No. 16-07-
00818).
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Moaudukanus pery/isiiiy reHoB a30T(GPUKCANMH Y KJI1y0OeHbKOBBIX OakTepuii
I'ymenko P.C., Bnagumuposa A.A., baiimues An.X., baiimueB An.X.
WHcTuTyT OMOXMMHHU M TeHETHKH — 000co0ieHHOe cTpyKTypHOe noapaszenenne ®IBHY Ydumckoro denepanbHoro
nccienoBarensekoro nenrpa PAH, Ya, Poccus
E-mail: baymiev@anrb.ru

Jliist ucenenoBaHUsl BO3MOXKHOCTH MCKYCCTBEHHOM pETYISIIIMM I'€HOB HUTPOI€HAa3HOTO KOMILIEKca pu300ui Obula IpoBeneHa
paboTa Mo CO3/1aHHI0 IKCIPECCUPYIOLIMX BEKTOPOB C KJIOHHMPOBAaHHBIMHM BapHaHTaMHu IeHOB peryisitopHoro Oemka NifA. Tak
Ha OCHOBE IUIa3MHJl IIUPOKOrO Kpyra Xo3sieB OBUIM CO374aHbl TEHHO-MH)KCHEPHbIE KOHCTPYKLUMHM C TeHaMH nifA
R.leguminosarum VSy9 u Sinorhizobium (Ensifer) sp. MLul0 noa ynpaBieHHsIMH IBYX Pa3HBIX IPOMOTOPOB, HHAYIIHPYEMbIX
apabuHo30il B ciydyae mpomoTtopa PBAD, u uHAynIMpyeMbIX METHIOCH30WHOW KHCIOTOH B ciydyae mpomortopa Pm. Brwiio
00HapyXeHO, YTO PEKOMOMHAHTHBIC IITAMMBI, TPAHC(OPMHUPOBAHHBIE MONTYyYCHHBIMH KOHCTPYKIMSMH, HAUYNHAIOT TPOSIBIISTH
HE3HAYNTEIbHYI0O HUTPOTCHA3HYI0 aKTHBHOCTh BHE CHMMOMO3a C PAacCTEHHMSIMH, Yero HE HAOMIO#aeTcsi y AWKUX BAapHAHTOB
Oakrepuii. [IpryeM NaHHYIO aKTHBHOCTh MHKPOOPTAHM3MBI TPOSBISIOT Jake Ha cpefe 0e3 MHAYKTOpa, YTo, CKOpEee BCEro,
SIBIISIETCS CIIeICTBUEM (P (eKTa «IIPOTEKaHUs» B3SATHIX B pabOTy IPOMOTOPOB, IPH KOTOPOM HAOIIOAETCs ci1adast SKCIPECCHst
neneBoro resa. C Apyrod CTOpOHBI, HHIYKIUS SKCIPECCUH JIOTIOHUTEIBHO IPUBHECEHHON KoMK reHa nifA He nmpuBoamia K
CYIIECTBEHHBIM M3MEHEHHSM HUTPOTre€Ha3HON aKTUBHOCTH. [IpHUYMHBI JAHHOTO SBJIEHHS TPEOYIOT AaNbHEHIINX UCCIIEJOBAaHUH.
Hckimouennem okasaicsi pekomMOuHaHTHBIM mtamm Sinorhizobium (Ensifer) sp. MLulO ¢ koHctpykuueit pJB658SinorhnifA,
HUTPOI€Ha3Hasi aKTHBHOCTh KOTOPOTO OKa3anach B HECKOJBKO a3 BbIlIE a30T(OUKCHPYIOLIEH aKTUBHOCTH KOHTPOIJILHOTO
CBOOOHOXKUBYIIETO a30ThuKcHpyromero mramma Pseudomonas sp K749. B To ke Bpemst 00Hapy)eHO, YTO peKOMOWHAHTHBIC
IITaMMBl OTIMYAIOTCSA KpaiHe HHU3KOH cTabmiabHOCThI0. OCOOCHHO SBHO JaHHAas HECTaOWIBHOCTH TPOSBIIETCS TIPH
pereHepanuu OaKTepWil TOCIe KPHOXpAaHEHWs, KOrJa IpH BBICEBE OaKTEpWil Ha CENEKTHBHYIO Cpely C aHTHOMOTHKOM
BBIPACTAIOT €AMHUYHbIE KOJOHHH, TOT/Ia KaK Ha cpene 0e3 aHTHOMOTHKa HabmonaeTcs OypHBIi pocT. JlaHHOE 00CTOSTEIHCTBO
JIeNlaeT METOJI COXPaHEeHUs] peKOMOWHAHTHBIX IITAMMOB OaKTEepUil METOJOM KPHOXpaHEHHs KpaliHe HexenarelbHbIM. Pabora
BBIIIOJIHEHa TIpy  nojpuepxke rpanra PODU  (monbop mrammoB manst aHanmmza  Nel7-44-020201p a; mnomyueHue
PEKOMOMHAHTHBIX MITAMMOB M IIPOTOYHAs 1utodyopumerpust Nel8-34-00034momn_a)

Modification of nitrogen fixation genes regulation in nodule bacteria
Gumenko R.S., Vladimirova A.A., Baimiev Al.H., Baimiev An.H.
Institute of Biochemistry and genetics of the Ufa Federal Research Centre of the Russian Academy of Sciences, Ufa, Russia

The work was done on the creation of expression vectors with cloned variants of genes regulatory protein NifA for study the
possibility of artificial regulation nitrogenase complex genes rhizobium. On the basis of plasmids a wide range of hosts were
created genetically engineered constructions with the genes nifd R.leguminosarum VSy9 and Sinorhizobium (Ensifer) sp.
MLul0 under the control of two different promoters induced by arabinose (PBAD promoter) and by methyl benzoic acid (Pm
promoter). It was found that recombinant strains transformed by these constructs to show little nitrogenase activity beyond
symbiosis with plants, which is not observed in wild bacterial strains. Moreover, microorganisms show this activity even in a
medium without an inducer, which is most likely a consequence of the effect the "flowing promoters" in which observed is a
weak expression of the target gene. On the other hand, the induction of the expression an additional introduced copy of the
nifA gene did not lead to significant changes in nitrogenase activity. The reasons for this phenomenon require further research.
An exception was the recombinant strain Sinorhizobium (Ensifer) sp. MLulO with the plasmid pJB658SinorhnifA. Its
nitrogenase activity of which was several times higher than the nitrogen fixing activity of the control free-living nitrogen-
fixing strain Pseudomonas sp K749. At the same time, it has been found that recombinant strains are characterized by
extremely low stability. This instability appear i particularly clearly in the regeneration of bacteria after cryopreservation, when
only single bacteria colonize the selective medium with the antibiotic, while on the medium without antibiotic, rapid growth is
observed. This circumstance makes the method of conservation the recombinant bacterial strains by cryopreservation
extremely undesirable.

The work was supported by a grant from the Russian Foundation for Basic Research (selection of strains for analysis Ne. 17-
44-020201p_a, production of recombinant strains and flow cytometry Ne18-34-00034mol_a).



131
ITosryyenne TpaHCTeHHBIX pereHepaHTOB Tabaka u3 KyJbTyphI hairy roots
I'ymepona I'.P., Karupora A.C., Kynyes b.P.
Wucrutyt Ouoxumun u reverrku YOULL PAH, Yda, Poccus
E-mail: gulnar.yas@mail.ru

I'enst rol w3 Ri-mmasmun Agrobacterium rhizogenes WrpaloT KIIOYEBYIO posib B (OPMHPOBAHWH TE€HETHUECKH
TpaHC(HOPMUPOBAHHBIX KOPHEH M MIMPOKO M3YYarOTCS HE OIUH JECATOK JIeT. BcTpanBaHue B pacTUTEIBHBIN T€HOM F0/-T€HOB
(rol4, B, C n D) Hapymaer HOpMaJbHOE pa3BUTHUE PACTEHMsS BCIIC/JICTBHE TOPMOHAIBHBIX M3MEHEHHH, YTO B CBOIO OdYepellb
MPUBOAUT K Pa3IMYHBIM (PEHOTUIIMYECKUM NpOsBICHUsAM. Hanpumep, y TpaHCTeHHBIX 1O 1ol —TeHaM pacTeHuil oTMeuaeTcs
M3MEHEHHEe pa3Mepa u MOp(OJOTUH JIMCThEB, aHOMAIBHOE I[BETCHHUE, SIBIICHUE I'€TepOCTeNHH, (GopMHUpOBaHUE MEpPHCTEM B
MOCTAMOPHOHAJIBHBIA ~ TIEPHOJ, KapJMKOBOCT, M MHOroe jpyroe. Kymbrypbl hairy roots cunTaroTcsi BaXKHBIMH
MIPOM3BOUTEIISIMA OMOAKTUBHBIX MOJIEKYI, TAKAX KaK BTOPUYHBIC METAOOIHUTHI U PEKOMOMHAHTHBIE OCIIKH, KOTOPBIE MOTYT C
YCIIEXOM MPHUMEHATHCS B PA3IUYHBIX OTPACIAX MPOMBIIIICHHOCTH W (apMmakonorun. CymiecTByeT OONbIIOe KOTHIECTBO
HCCIIEZIOBaHUH, B KOTOPBIX IIOKa3aHO, YTO CO/Ep)KaHHE BTOPHYHBIX METabOJIMTOB B KyJIbType OOpOAATHIX KOpPHEH MOXKer
HAMHOTO TPEBBINIATh WX KOHIICHTPAIIMIO B MHTAKTHBIX PACTEHHUSAX. braromaps BBICOKOH pereHeparMoHHON CIIOCOOHOCTH W3
KyJBTYpBI hairy roots MOXXHO ITOJTy4arh IieJIble TPAaHCTEHHBIE PacTeHUs, 03 NOTepH NPHOOPETEHHBIX T0l-TeHOB U OKa3bIBAEMBIX
¢ UX NMoMouIplo 3(PEeKTOB Ha PACTUTENBHBIH OpraHu3M. B CBS3M ¢ 3THUM €TI0 TaHHOW padOTHI CTaI0 pa3paboTKa OCHOBHBIX
9TanoB OMOTEXHOJIOTMU TONYYEHHs PaCTEHHH-PEreHepaHTOB W3 KYNIbTYphI hairy roots. B kauecTBe 00beKTa HCCIIETOBAHHS
HCIOB30BAIN CBEXKECOOpaHHbIe JIMCThs Nicotiana tabacum L, KOTOpbIE CTEpHUIIN30BAIN CTaHAAPTHRIM criocobom. Jlaiee 20
CTEpMIIBHBIX JIICTOBBIX IKCIUIAHTOB TPAHC(OPMHUPOBAIA METOIOM COKYIBTUBHUPOBaHUA C A. rhizogenes A4 n gepe3 10 cyTok
HAOJIOANT TOSBJICHUE NEpPBBIX KOpHEH. /{1 ToNydeHHs KaUTyCHOH KyJabTYphl Hambojiee aKTHBHO pacTyIIue KOPHHU
nepecagunn Ha cpexry MC c nob6asmennem HYK (2 mr/m) m xmnermna (0,2 mr/m). B ciaydae WHIYKIMH pereHEpaHTOB
oOpa3zoBaBmmecss Kaurychl momemann Ha cpenxy MC ¢ pobaBmenumem 6-BAIl u  WHAON-3-yKCYCHOW KHUCIIOTHI
Onekrpodoperuueckuii ananus [MIP-npoxykToB ¢ mpaiimepamu Ha TeHbl r0lA u rolC mokazan Hamuuue reHoB ro/ B JJTHK
MOJyYeHHBIX 00pa3loB KopHeW. Takum oOpa3oM, B Xozie NMPOBEAEHHBIX DKCHEPHUMEHTOB HaM YNAJOCh IOJIYYHUTb B3POCIbIE
TpPaHCTEHHBIC 0 70/-TeHAaM PACTCHUS W W3 HMX JIMCThEB HWHAYIMPOBaTh 0Opa3oBaHHe KocMmathix KopHe# (hairy roots). Dto
MO3BOJISIET C/IENATh 3aKJIIOUEHUE O TOM, YTO pEreHepUpyoLias CriocoOHoCcTh N. tabacum okazanach J0CTaTOYHO BBICOKOM, YTO
JTaeT BO3MOYKHOCTH HCIOJB30BAHMS TAKOTO CIOco0a JUIT YCTOHYMBOTO COXpaHEHHS KyIbTyp hairy roots ¢ ITONe3HBIMH
MIpU3HAKaMH B T€UEHHUE UTUTEIFHOTO BPEMEHHU.

Production of transgenic regenerants of tobacco from the hairy roots culture
Gumerova G.R., Kagirova A.S., Kuluev B.R.
Institute of biochemistry and genetics UFRC RAS, Ufa, Russia

The rol-genes from Ri-plasmids Agrobacterium rhizogenes play a key role in the genetically transformed roots formation and
have been widely studied in the past decades. Integration of rol-genes (r0l4, B, C and D) into the plant genome disrupts the
normal plant development due to hormonal changes. These alterations cause some new phenotypic characteristics. For
example, transgenic plants have modified leaf size and morphology, anomalous flowering, the phenomenon of heterostyles,
meristems formation during postembryonic growth, dwarfism and etc. Hairy roots accumulate secondary metabolites and
recombinant proteins. These compounds are industrially and pharmaceutically important phytochemicals. There are a large
number of studies in which demonstrated that the secondary metabolites content in hairy roots culture can far exceeded their
concentration in intact plants. Thanks to the high regenerative ability of the hairy roots culture, whole transgenic plants can be
obtained, without loss of the acquired rol-genes and the effects with them on the whole plant organism. This paper reports the
production of hairy roots using A4 strain of A. rhizogenes and regeneration of transformed plants. Therefore purpose of this
work was the development of the universal stages of regenerative plants production from the hairy roots culture. The objects of
this study were freshly picked leaves of Nicotiana tabacum L, which was sterilized by standard procedure. 20 leaf explants
were transformed by co-cultivation with A. rhizogenes A4. The first transformed roots arised after 10 days. For the callus
induction the most actively growing roots were transferred to MS medium with the addition of NAA (2 mg/l) and kinetin (0.2
mg/l). The induction of regenerants from calli was produced on MS medium with the addition BAP and TAA. Electrophoretic
analysis of PCR products with primers on the rold and rolC genes showed the presence of rol-genes in the DNA of the
obtained root samples. Thus, during the experiments we were able to obtain adult transgenic plants in rol-genes and from their
leaves to induce the formation of hairy roots. This allows us to conclude that the regenerative capacity of N. tabacum is high
enough that it makes it possible to use this method for the sustainable preservation of hairy roots cultures with useful traits for
a long time.
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Buodannucruyeckasi Tpanchopmanus tadaka rol-reiamu ¢ ucnosibzoBanueM CRISPR/Cas9-cucremsl
I'ymepona I'.P., Kynyes b.P., Matuuszos P.T., Uemepuc A.B.
Wuctutyt Onoxumun u renetuxn Y OUL[ PAH, Yda, Poccus
E-mail: gulnaryas@mail.ru

ArpobakrepuanbHasi TpaHChOpManus SBISIETCS OOHUM 13 3()(EKTUBHBIX METOAOB I'€HETHYECKOH TpaHc(OpMAaIMK PAaCTEHHH,
OCHOBaHHAas Ha €CTECTBEHHOM IepeHoce ¢parmenta Ti- wimm Ri- mnasmuasl (T-AHK) B pacTuTenbHbI reHOM, KOTOPBIH
IIPUBOAUT K 00pa30BaHMIO JINOO KOPOHYATHIX rajuioB («crown galls») B mepBoM cirydae, 100 BOJIOCOBHIHBIX KOpHEH («hairy
roots») Bo BTOpoM. KymbTypbl Takux KOpHEH IpeAcTaBiIseT OrpOMHBIN NMPaKTUYECKHH M TeopeTnueckuil mHTepec. OnHaKo,
HECMOTpPS Ha IIMPOKOE HCIIOIb30BaHUE arpoOakTepHanbHOW TpaHchopMaiuu i co3iaHus hairy roots, STOT MeTOI UMeEeT
HEKOTOpBIE HEJOCTATKH, BCICACTBHE KOTOPBIX OH OCTAcTCs HE NMPHMEHHUMBIM JJISI MHOTHMX BHJOB XO3SHCTBEHHO-IIEHHBIX
pacrenuii. bnobammictuueckas TpaHchopmanusi ¢ wucnoip3oBaHmeM CRISPR/Cas9-cucrempl — HOBas TEXHOIOTHS
pEeIaKTUPOBAaHKS TEHOMOB BBICIIMX OPraHU3MOB — MOXET CTaTh Oosee 3(h(heKTUBHBIM aJIbTEPHATHBHBIM CIIOCOOOM ITOTy4EHHS
BOJIOCOBU/IHBIX KOPHEH y BUIOB PACTEHHH, IJIOXO MOAMAIONINXCS arpodaKkTepuaibHOi TpaHchopManuu. B cBs3u ¢ aTum Oblita
MOCTaBJIEHA 1IEJIb ONPOOOBaTh MPEATIOKEHHBIH METOl MHAYKIMH hairy roots Ha MonenbHOM 00bekTe — Nicotiana tabacum. B
KauecTBE MECTa BCTpauBaHMs rol-TeHOB ObLT BbIOpaH reH ¢guroeHaecarypassl Tabaka (PDS), KOTOPBIH MIMPOKO UCIIONIB3YETCS B
OKCIIEPUMEHTax T0 caiyieHCHHTy reHoB. [Ipu OmoOayuimcTudeckoil OOMOapAMpOBKE HCIOJB30BANN AMILUIMKOH 70/-T€HOB,
(ITaHKUPOBAHHBI C [BYX CTOPOH ydacTkamu reHa PDS tabaka, a Take Bektopel pKIR1.1, pK7WGF2::hCas9 wu
pICH86966::AtU6p::sgRNA PDS. Vxe cmycts 3 gHsS mocie OnoOammmcThdeckod TpaHcopMamuy HaOIIOAAIA HAvano
pusorere3a. Ha njaHHBII MOMEHT BeIyTCsl 3KCIIEPUMEHTHI 110 YCTAHOBIICHUIO (haKTa BCTPANBAHMUS 70/-T€HOB U MX JIOKAIN3AIAN
B TIOJ[yYEHHBIX B XO7ie pabOTHI BOJIOCOBHIHBIX KOPHSX.

Biolistic transformation of tobacco by rol-genes using CRISPR/Cas9 system
Institute of Biochemistry and Genetics UFRC RAS, Ufa, Russia

Agrobacterium-mediated transformation is one of the effective methods of genetic transformation of plants, based on the
natural transfer of a fragment of Ti- or Ri- plasmid (T-DNA) into a plant genome, which leads to the formation of «crown
galls», or «hairy roots». The culture of such roots is of great practical and theoretical interest. However, despite the extensive
use of agrobacterium-mediated transformation to induce hairy roots, this method has some disadvantages. It remains
impracticable for many species of economically valuable plants. Biolistic transformation using the CRISPR / Cas9 system - a
new technology for genome editing of higher organisms - can become a more effective alternative way of obtaining hairy roots
in plant species that are not easily amenable to agrobacterium-mediated transformation. In this connection, the aim of this
research was to test the proposed method of induction of hairy roots on the model object - Nicotiana tabacum. As a place for
integrating rol-genes, the tobacco phytoene desaturase gene (PDS) was chosen, which is widely used in gene silencing
experiments. Rol-genes amplicon flanked on two sides tobacco PDS gene and vectors pKIR1.1, pK7WGF2::hCas9 and
pICH86966::AtU6p::sgRNA_PDS was used for biolistic bombardment. Already 3 days after biolistic transformation, the
beginning of rhizogenesis was observed. At this moment, experiments are continued and are established of rol-genes
integration and their localization in the hairy roots genome obtained during the work.
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Bansiaue ArpocTumy/inHa Ha 6000B0-pH300MAJILHBIN cHMONO03 pacTeHnii ropoxa
I'ypo I1.B., BonmoGyesa O.T.
Poccuiickuii rocynapcTBeHHbIH arpapHbiid yHuBepcuteT - MCXA nmenn K.A. Tumupszesa, Mocksa, Poccust
E-mail: polinaguro@gmail.com

Buonornyeckas ¢ukcanys MOJCKYJISIPHOTO a30Ta MHUKPOOPTaHM3MaMH OCTAaeTCsl OJHOW M3 Hambolsiee aKTyaJbHBIX MpoOJieM
coBpeMeHHOW Ownosnoruu. HaumBbicmied a30TQHKCHPYIOMEH aKTHBHOCTHIO CPEAM MHKPOOPTaHM3MOB O0JaIaloT pH300uu,
BCTymaromue B CUMOMO3 ¢ OOOOBBIMH pPacCTEHHMSIMH. YHUKaJIbHbIE (QYHKIMM KIyOCHBKOBBIX OakTepwil Mo (HUKcaluu
arMoc(epHOro aszora NpuOOpeTaloT o0co00e 3HAaYeHHEe B CBA3M C YCHJICHHEM AaHTPOIOTEHHOIO BO3JCHCTBHS Ha
arpo’KOCHCTEMBl ¥ BO3MOYKHOCTHIO HCIIOJBb30BaHUSI OHOJNIOTMYECKHX MEXaHHU3MOB IHTAaHUS pacTeHuil. B  ycioBusx
BEreTalMOHHOr0 ONbITAa M3YYalld BIMSHHE PEryjsiTopa pocTa ArpocTuMysnHa Ha GpoHe MHOKYJIAUUH Pu3oTopduHOM, mTamm
Rhizobium leguminosarum bv. viciae 245a, Ha 6000BO-pH300HATBHBIN CUMONO03 U MPOAYKTHBHOCTH PACTEHH TOPOXa COPTOB
Hopx u FOrnop. CoBmecTtHas o6paboTka ArpoctuMyanHOM U Pr3otopduHoM pactenuii ropoxa copra KOHMOp mpuBoamita K
YBEIMUYCHUIO KOJIMYECTBA KIIyOCHBKOB, MacChl KIyOCHBKOBOW TKaHHM, aKTHBHOCTH HUTPOTEHa3bl. DTO MPOUCXOIMIO BO BCE
(a3bl pa3BUTHS PACTEHUI, HO HAWBBICIINE 3HAUCHUS ITHX NOKazaresied HaOmonanuchk B a3y HanuBa 1uiogoB. CTpyKTYpHBINA
aHaJM3 YpOXKalHBIX JAHHBIX IOKa3ajl, MOJ BIMSHHEM ATpoCTUMYIMHA Ha ()OHE MHOKYISIUH PuzoropduHoM Habionanack
TEHJICHIUSI yBEIWYEHHsI ypoXkas y pacTeHuil ropoxa copra lOuwmop. Hamewicmmii ypoxaii ormeuen y copra Hopa npu
obpaboTtke Toibko Puzotopdunom. ITpoBoamiam OIEHKY MHKPOOHMOIIOTHYECKONH AaKTUBHOCTH PHU30C(Ephl PAacTCHUI ropoxa.
UYuciieHHOCTh MHUKPOOPraHW3MOB yuuThiBaIM Ha cpenax MIIA, Yameka, Dmbu. OOpaborka ArpocTuMmyiMHOM Ha (oHe
MHOKYIsin PrsoropdrHOM TpHBOMMIA K YBEIHMUYCHHIO YHCICHHOCTH MHKPOOPTaHWM3MOB. B BapmaHTax ¢ 00paOOTKOH
ATpOCTHMYJIMHOM B TIOYBE OTMEUEHO MalO€ KOJIMYIECTBO IPUOOB MM MOJHOE MX OTCYTCTBHE. TakuM 00pa3oM, B pe3yibTaTe
MIPOBEACHHBIX MCCJICOBAaHUH YCTAHOBJICHO TOJNOKHUTEIBHOE BIHMSHHE pEryasiTopa pocta ArpocTUMyNMHA Ha (OHE
nHoKyisin Puzoropdunom. CoBmecTHas obpaborka ArpoctumynHoM M PusoropduHoM pactenuit ropoxa copra FOHMOp
MPUBOAMIIA K YBEJIMYCHUIO KOJIMYECTBA KIyOEHBKOB, MacChl KIyOGHbKOBOW TKaHM W aKTUBHOCTH B HHUX (epMeHTa
HUTPOI'€HAa3bl, MOBbIIIAJAa IPOAYKTUBHOCTh pacTeHHi. Mcnonb3oBaHue peryisTopa pocta ArpocTHMY/IMHAa M OHonpenapara
Puzoropduna, ocobeHHO B KOMOMHAUMU Pu30TOpOHH+ATPOCTHMYNIMH, OKa3ajlo MOJOKHUTEIFHOE BIUSHHE W Ha
MHUKPOOHOJIOTMYECKYI0 aKTHBHOCTD ITOYBBI.

Influence of Agrostimulin on the legume-rhizobium symbiosis pea plants
Polina V. Guro, Olga G. Volobueva
Russian State Agrarian University - Moscow Timiryazev Agricultural Academy, Moscow, Russia

The biological fixation of molecular nitrogen by microorganisms is one of the most urgent problems of modern biology. The
highest nitrogen-fixing activity among microorganisms is possessed by rhizobia, which enter into symbiosis with leguminous
plants. The unique functions of rhizobium on the fixation of atmospheric nitrogen acquire special significance in connection
with the intensification of anthropogenic impact on the agroecosystem and the opportunity to use biological mechanisms for
feeding plants. In the conditions of vegetative test, the effect of the growth regulator Agrostimulin on the background of
inoculation with Risotorphin, isolate Rhizobium leguminosarum bv. viciae 245a, on the legume-rhizobium symbiosis and
productivity of the pea plants of varieties Nord and Junior. Co-processing with Agrostymulin and Risotorfin of pea plants of
the variety Junior resulted in an increase in the number of nodules, the weight of nodule tissue, and the activity of nitrogenase.
This occurred in all phases of plant development, but the highest values of these indicators were observed in the phase of fruit
filling. Structural analysis of the yield data showed that under the influence of Agrostimulin on the background of inoculation
with Risotorphin, there was a tendency to increase the yield of the Juniper pea plants. The highest yield was recorded in the
Nord variety when treated with Risotorfin alone. The microbiological activity of the rhizosphere of pea plants was
assessed.The number of microorganisms was taken into account on the media of meat-and-peptone agar, Czapek, Ashby.
Treatment with Agrostimulin on the background of inoculation with Risotorphin led to an increase in the number of
microorganisms. In variants with treatment with Agrostimulin, a small amount of fungi or complete absence of fungi is noted
in the soil.Thus, as a result of the studies, a positive effect of the growth regulator of Agrostimulin on the background of
inoculation with Risotorphin was established. Joint treatment Agrostymulin and Risotorfin plants peas of the grade Junior led
to an increase in the number of nodules, the weight of nodule tissue and the activity of the enzyme nitrogenase in them,
increased the productivity of plants.Thus, as a result of the studies, a positive effect of the growth regulator of Agrostimulin on
the background of inoculation with Risotorphin was established. Joint treatment Agrostymulin and Risotorfin plants peas of the
grade Junior led to an increase in the number of nodules, the weight of nodule tissue and the activity of the enzyme nitrogenase
in them, increased the productivity of plants.The use of the growth regulator Agrostimulin and the biologies Risotorfin,
especially in the combination of Rizotorfin + Agrostimulin, had a positive effect on the microbiological activity of the soil.
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Ananu3 renoB MetuinpoBanust JITHK kykypy3bel 1 MoieTHpOBaHUE KOAMPYEMBIX HMH 0€JIKOB
I'yce 10.C., Ma3zunos C.U., Mouceesa E.M., Bonoxuna 1.B., Uymakos M.H.
HucrutyT OMoxumuu 1 (pU3HOJIOTHU pacTeHui 1 MUKpooprann3MoB Poccuiickoii akagemun Hayk, Caparos, Poccust
E-mail: yuranl989@yandex.ru

B mepBoit yacTu mokiaga mpeicTaBiIeHBl JaHHBIC M0 u3y4eHuto reHoB (dmtl102, dmt103, dmt105, hdt104, chr106, honl01),
ydacTByfomuMu B MertwimpoBanun JIHK 'y kykypy3er u OenkoB, komupyrommx dTu TeHsl: (DMT102 (JJHK
MetmnTpancdepasa), DMT103, DMT105, HDT104 (ructonoBbiec neanertmnasbi), CHR106 (xpommermnaza) u HON101
(rucToHOBBIN JMHKEp)). B 0a3ze manHbIx KyKypy3sl (MaizeGDB, http://www.maizegdb.org) npoBenen 6nonHpOpMaLMOHHBIH
MOKMCK TIOCJICZIOBATEILHOCTEN TeHOB-TOMONIOTOB MeTmimpoBannu JIHK kykypy3bl 1 ux ananu3. Bo BTOpoii yacTu Jokjaaa ¢
nomoltplo  OnonHpopmaimonusix MeronoB (mporpammbel PHYRE 2.0 (Protein Homology/analogY Recognition Engine,
http://www.sbg.bio.ic.ac.uk), I-TASSER (https://zhanglab.ccmb.med.umich.edu/I-TASSER/) mpoBemeHo MomenupoBaHue
TPEXMEPHOU CTPYKTYpbI OenKoB, KomupyeMblx TeHamu MermiupoBaHuu JIHK Kykypysel, ¥ W3y4eHB WX IWHAMHYECKUE
CBOMCTBA C TIOMOIIbIO METOIa HOpMaITbHBIX Mox (elNemo, http://www.sciences.univ-nantes.fr/elnemo).

HccnenoBanue BEINMOIHEHO NpH (rHAHCOBOH nonepxke PODU B pamkax HayaHoro mpoekra Ne PODIU Ne 18-016-00155.

Analysis of maize DNA methylation genes and modeling of proteins encoded by them
Gusev Yu.S., Mazilov S.I., Moiseeva Ye.M., Volokhina I.V., Chumakov M.I.
Institute of Biochemistry and Physiology of Plants and Microorganisms Russian Academy of Sciences, Saratov, Russia

The first part of the report presents data on the genes involved in DNA methylation in maize, as well as data on the proteins
encoding these genes: DMT102 (methyltransferase DNA), DMT103, DMT105, HDT104 (histone deacetylase), CHR106
(chromomethylase), and HON101 (histone linker). In the maize database (MaizeGDB, http://www.maizegdb.org) homologous
gene sequences for DNA methylation of maize were searched for and analyzed. In the second part of the study, the three-
dimensional structure of the proteins encoded by maize DNA methylation genes was modeled by the bioinformatic methods
PHYRE 2.0 (Protein Homology/analogy Recognition Engine, http://www.sbg.bio.ic.ac.uk) and I-TASSER
(https://zhanglab.ccmb.med.umich.edu/I-TASSER/). The dynamic properties of the proteins were studied by the normal mode
method (elNemo, http://www.sciences.univ-nantes.fr/elnemo). The reported study was funded by RFBR according to the
research project Ne 18-016-00155.
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Ilosy4enne YncTol KyJIbTyphl HOBOI'O INTAMMA PH300Mii N3 KJIYOeHbKOB COH, H3y4YeHHe CBOIICTB
Jamxosa 1.0.
OOO "HBII "bauillukom" ¥Yda, Poccus
E-mail: irochkarutt@mail.ru

B nocneanue roasl HaMeTWIICsS MOBBIMIEHHBIN cpoc Ha coeBoe 3epHO B Poccun. B 2017 romy pasmep muiomaneil mon coro
BBIpOC 10 oTHomIeHuIo k 2016 rony Ha 16,9 % n goctur pekopaHbix oTMeToK B 2 604,3 Thic. ra. Poccust ob6nagaer orpoMHBIM
MOTEHIIMAJIOM JUIsl KPYITHOMACIITAaOHOTO Pa3BUTHSI COEBOCTBA. MHOTOJICTHUI HAKOIJICHHBIN HAYYHBIN M MPAKTHYECKUN 3a1e
CBUJIETENIBCTBYIOT O BO3MOXXHOCTH 3((EKTUBHOTO BO3/IEIIBIBAHUS STOM LIEHHOW KYJIBTypHI B IIMPOKOM apeae. BaxHyro pons B
(OpPMHUPOBaHMU BBICOKMX YpPOXKaeB COM HIPAlOT CHEeHU(pHUYECKHEe KIYyOCHbKOBBIC OaKTepHH, BCTyMalollue B CUMOHO3 ¢
pacteHueM. B COBpEeMEHHBIX TEXHOJOTHSAX BBIPALIMBAHUS COM IIHPOKO WCIONB3YIOTCS OHOIpernapaTbl Ha OCHOBE
BBICOKOA((PEKTHBHBIX IITAMMOB CIEIU(UICSCKAX pPU300WH, UTO II03BOJSET TONydYaTh BBICOKHE CTaOWIBHBIE YpO)KaW Ha
O6MOIOrHYEeCcKOM a30Te, T.K. OH HanboJee MOJTHO yCBauBaeTcs pacTeHUsAMH. Llenbio paboTs! ABIAETCA BBIICICHNE SHAODHUTHBIX
OakTepuii M3 KIyOCHHKOB PAaCTEHHs COM, IOJydEHHE YHCTHIX KyJbTYp IITAMMOB, WX MJICHTH(HKAIMS M M3y4YCHHE CBOWCTB
mramMoB Bradyrhizobium japonicum. O6bexToM HccinenoBaHus SBISUTICH IITaMMbl 0akTepuit — Bradyrhizobium japonicum -
BUJI KIIyOCHBKOBBIX OaKkTepuil, canpo@uTHbII a30ThUKcupyonmii ckMOuoHT cou (Glycine max). lllTaMmbl ObUIH BBIAEIEHBI M3
KIIyOeHBKOB cou, Bo3zienibiBaeMoii B Yde, Camape, AMypcKoil 001aCTH Ha ONBITHBIX NMOJSIX. J{JIst BBEIENICHNST YUCTON KYJBTYPhI
KJIyOCHBKOBBIX OaKTepHil OBLTH OTOOPAHBI XOPOIIIO PA3BUTHIC PACTCHHUS B (ha3e IBETCHUS - IUIOI000PA30BaHMs U C UX KOpHEH
oTOMpanu KpyrHble KiyOeHbKu. [Ipu uneHTHdUKaluy KiyOeHbKOBBIX OaKTepUil Ha OCHOBE KYJIBTYPaIbHO-MOP(OIOrnYecKrux
METO/IOB HaMH BBIABICHO 7 ITaMMOB Bradyrhizobium japonicum. Vnentudukamus mo MOpPQOIOTHYECKHM IpHU3HAKAM
mpoBoamiack 1o ompenenutento bepmxu. s moncuera umcnenHoctH KOE wiryOenpku paspymanu muHmeToMm. Jlamee
METOJIOM CEpHIHBIX pa3BE/ICHUH M BHICEBOM Ha TBEPIYIO MUTATEIBHYIO CPEAy OLCHUBAIHM YHCIEHHOCTh MHKPOOPTaHH3MOB.
OmnpeneneHne BUPYJISHTHOCTH INTaMMOB IpoBoxuian 1o meromuke 3.I. PasymoBckoif. Bbeima mposepena 3¢¢exTuBHOCTD
JIAaHHBIX IITaMMOB II0 CIIOCOOHOCTH OOpa3oBBIBaTh HA PACTEHHSX COW aKTUBHBIE KIYOCHbKH (YUMTBHIBAJIIOCH HAJMYHE
JIETTeMOIVIOONHA B LEHTPAIbHOW YacTH KIIyOeHbKa), a TaKKe HM3MEpeHa HUTPOreHa3Has aKTHMBHOCTh KaXKIOro IITaMma
METOJIOM Ta30Boii xpomarorpaduu. Takum oOpa3oM, Ha OCHOBAaHMH IOJYYEHHBIX JAaHHBIX OHOMETPUHM PAaCTCHUil, a Takke
BUPYJIEHTHOCTH, HUTPOT'€HA3HOH aKTUBHOCTH LITAMMOB U MX CIIOCOOHOCTH 00pa30BaBbIBaTh aKTHBHBIE KIYOSHbKH Ha KOPHSX
pacteHuit Hamu ObUT 0TOOpaH Hambosee Y3PPeKTUBHBIN TaMM Bradyrhizobium japonicum.

Obtaining a pure culture of a new rhizobium strain from soybean nodules, studying the properties
Dashkova 1.O.
00O "NVP" BashInkom " Ufa, Russia

In recent years, there has been an increased demand for soybean in Russia. In 2017 compared to 2016 the soybean area grew
by 16.9% and reached a record mark of 2,604.3 thousand hectares. Russia has a great potential for large-scale development of
the soybean industry. Many years of acquired scientific and practical experience determine the possibility of effective
cultivation of this valuable culture in a wide range. An important role in the formation of high yields of soybeans is played by
specific nodule bacteria, which enter into symbiosis with the plant. In modern technologies of soybean cultivation,
biopreparations based on highly effective strains of specific rhizobia are widely used, which makes it possible to obtain high
stable yields on biological nitrogen, as it is most fully assimilated by plants. The aim of the work is to isolate endophytic
bacteria from the nodule of soybean plants, to obtain pure cultures of strains, to identify them and to study the properties of the
strains of Bradyrhizobiumjaponicum. The object of the study was bacterial strains - Bradyrhizobiumjaponicum - a kind of
nodule bacteria, saprophytic nitrogen-fixing soybean symbiont (Glycine max). The strains were isolated from the soybean
nodules cultivated in Ufa, Samara and the Amur Region in experimental fields. To isolate the pure culture of nodule bacteria,
well-developed plants were selected in the flowering - fruit formation phase and after that large nodules were selected from
their roots. In the process of identification of nodule bacteria on the basis of culture-morphological methods, we detected 7
strains of Bradyrhizobium japonicum. ldentification by morphological features was carried out according to Berdy's
determinant. To count the number of CFU, nodules were destroyed with forceps. Then, the number of microorganisms was
estimated by serial dilution and seeding on a solid nutrient medium. The virulence of the strains was determined under the
method of Z. G. Razumovskaya. The effectiveness of these strains was tested for the ability to form active nodules on soybean
plants (taking into account the presence of leghemoglobin in the central part of the nodule), and nitrogenase activity of each
strain was measured by gas chromatography. Thus, basing on the obtained plant biometry data, as well as the virulence,
nitrogenase activity of the strains and their ability to form active nodules on the plant roots, we have selected the most effective
strain of Bradyrhizobium japonicum.
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CpaBHHMTEIBbHBIH AHAIN3 PACTHTEIbHBIX CHCTEM IKCIIPECCHH /ISl CHHTe3a PeKOMOMHAHTHBIX 0eJIKOB
JHetinexo E.B.
OI'BHY "®UL] Unctutyt nuronorun u renernku CO PAH", HoBocubupck, Poccus
E-mail: deineko@bionet.nsc.ru

3a mocnenHee AECATHIIETHE 3HAYMTEIHHO BO3POC MHTEPEC K TPAHCTEHHBIM PACTEHUSM KakK OHMONPOIYIEHTaM pPa3IMYHBIX
0eNKOB MEIUIMHCKOro HasHaueHus. IIpu moiydeHMH peKOMOWHAHTHBIX OENKOB aKTyaJbHBIM OCTAETCS BOIPOC MOWCKa
BBICOKOI()()EKTUBHBIX W SKOHOMHYECKH BBITOAHBIX CHCTEM DKCIIPECCUH sl X HapaboTku. B Hacrosmiee Bpems it cuHTE3a
PEKOMOMHAHTHBIX TEPalleBTHYECKUX OENKOB, CyObeIMHMYHBIX BakKIMH M PEKOMOMHAHTHBIX MOHOKJIOHAHBIX aHTUTEN
HCIOJIB3YIOTCA 6aKTepI/II/I, JAPOXIKH, a TaAKXKEC KYJIbTYpPbl KICTOK HACCKOMBIX W MIICKOIMHUTAIOIINX. Hosrie MEPCICKTUBBI
TMOJIyYCHUA peKOM6I/IHaHTHI)IX (I)apMaI_[eBTI/I‘-ICCKI/IX 6eJ'IKOB OTKPbIBAOTCsA C HCIIOJIb30BAHUEM TCHCTUYCCKU
MoAMGHUINPOBAHHBIX pacTeHWH. Ilo OIeHKaM 3KCIEpTOB TPAHCTCHHBIE PACTECHHS MOIIM Obl OBITH Oolice ACIIEBBIM H
0e30mmacHPIM HCTOYHMKOM pPEKOMOMHAHTHBIX OEJIKOB II0 CPaBHEHHIO C TPAAWLIHUOHHBIMU CHCTEMAaMH 3KCIPECCHH.
[TpuBnekarenbHOCTh PaCTEHHUH B Ka4eCTBE CHCTEM JKCIPECCHH ISl HAKOIJICHUS] PEKOMOMHATHBIX (hapMalleBTHUECKH [IEHHBIX
0enKoB oOecneynBaeTcss MHOTHMH OOCTOSATENLCTBAMH, CPEIM KOTOPHIX Oosiee HU3KHUE 3aTpaThl HA MX IOJy4YEHHE, OTCYTCTBHE
pHCKa 3arpsi3HEHUs] PEKOMOMHAHTHOTO Oellka MaTOreHaMH >KWBOTHOTO IPOMCXOXKAEHUS M T.J. K HacTosiemy BpeMeHH
pa3paboTaHbl TEXHOJOTHH MOIYyYSHUS TEHETHYECKH MOAMGHUIMPOBAHHBIX PACTEHHH, B I'€HOM KOTOPHIX IEPEHECEHBI I'€HbI,
KOOUPYIOIHUE PA3JINIHBIC OeIKHn JJIA MEAUIHUHCKUX ueneﬁ, B TOM 4YHCJIE M O€JIKH dYeloBeKa. HOJ’IyquBI JCCATKH BHJIOB
TPAHCTEHHBIX PACTEHMH, B TE€HOM KOTOPBIX IEPEeHECEHbl TI'€Hbl AHTUICHOB DPAa3JIMYHBIX BO30OymuTeleidl HHQEKIMOHHBIX
3a00JIeBaHUH, Pa3HOOOPA3HBIX TEPANEBTHUCCKUX OENKOB 1 aHTUTEN. OZHAKO OTHOCHTENIFHO HEBBICOKHH YPOBEHb HAKOILUICHHS
neneBbIx OenkoB (MeHee 1% ot obmiero pactBopumoro Oenka — OPB) B TkaHAX TeHETHUECKH MOAU(HUIMPOBAHHBIX PACTCHUH
MIOCITY’KHJI OTIIPaBHOM TOYKOHM Uit pa3pabOTKM HOBBIX CHCTEM JKCIpeccHu. B kadecTBe OfHON M3 TaKWX aJbTEPHATUBHBIX
CHCTEM 3KCIIPECCHH PAacCMaTpUBAIOTCSl BHESJEPHbIE T€HOMBI (IIACTOMBI) XJIOPOIUIACTOB pacTeHUil. MaKCHMaibHO BBICOKHH
YPOBEHb HaKOIUICHUSI PEKOMOMHAHTHOIO Oefika A TPaHCIUIACTOMHBIX pacTeHMi coctaBmi g0 70% OPB. Cpemu npyrux
AJIBTEPHATUBHBIX CUCTEM JKCIIPECCHH PEKOMOMHAHTHBIX OENKOB JUIsl papMaKoJIOrHy CIIEAyeT Ha3BaTh PsCKY, MOX, HEKOTOpPbIE
BUbI Bonopocneﬁ, a TaKXC KICTKH TCHCTHYCCKU MOIII/I(l)I/IHI/IpOBaHHBIX paCTeHI/Iﬁ, KYyJIbTUBUPYEMBIC B CyCl'IeH3I/IOHHOI71
KylIbType. PaccMaTpuBaroTCs pa3/idYHbIC aCMEKThl IOBBIIMICHHS HAKOIUIEHHS BBIXOAa PEKOMOMHAHTHBIX OCJIKOB IpH
KyIBTUBUPOBAHWN PACTHTENBHBIX KIETOK B OMOpeakTopax. McciaemoBaHus BBITOMHSIIOTCS MpH Moepxke npoekra PHD:17-
14-01099.

Comparative analysis of plant expression systems for the synthesis of recombinant proteins
Deineko E. V.
The federal research center itstitute of cytology and genetics, the Siberian branch of the Russian Academy of Sciences,
Novosibirsk, Russia

Over the past decade, interest in transgenic plants as bio-producers of various medical proteins has increased significantly.
When obtaining recombinant proteins, the question remains to find highly effective and economically advantageous expression
systems for their production. New prospects for the production of recombinant pharmaceutical proteins are discovered using
genetically modified plants. Experts estimate that transgenic plants could be a cheaper and safer source of recombinant
proteins than traditional expression systems. The attractiveness of plants as expression systems for the accumulation of
recombinant pharmaceutically valuable proteins is provided by many circumstances, including lower costs for their production,
the absence of a risk of contamination of the recombinant protein by pathogens of animal origin, etc. To date, technologies
have been developed for the production of genetically modified plants, into the genome of which genes encoding various
proteins for medical purposes, including human proteins, have been transferred. Dozens of species of transgenic plants were
obtained, into the genome of which genes of antigens of various pathogens of infectious diseases, various therapeutic proteins
and antibodies were transferred. However, the relatively low level of accumulation of target proteins (less than 1% of the total
soluble protein - ORB) in the tissues of genetically modified plants served as a starting point for developing new expression
systems. As one of such alternative expression systems, extranuclear genomes (plastomas) of plant chloroplasts are considered.
The highest level of accumulation of recombinant protein for transplastomic plants was up to 70% ORB. Among other
alternative systems for expression of recombinant proteins for pharmacology, duckweed, moss, certain algae, and also cells of
genetically modified plants cultivated in suspension culture should be mentioned. Various aspects of increasing the
accumulation of the yield of recombinant proteins during the cultivation of plant cells in bioreactors are considered. The
research is carried out with the support of the RNF project: 17-14-01099.
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Binsane ¢pU3N0JI0rn4ecKoro NOTeHNMAIA HUAHOOAKTEPHil Ha PACTHTEIbHO-MUKPOOHOE B3auMo/eiicTBHE
Hunosuu C.B., Anekceenko O.I1., T'oprymsko T.B., Jlunosuu A.H.
OI'BbYH «HayuHo-uccnenoBarenbCKuii HHCTUTYT CEIbCKOro xo3stiictBa Kpeimay, Cumbepomnoins, Poccus
E-mail: sv-alex.68@mail.ru

W3zydyen ¢uznonoro-omoxuMuyecknii MOTEHIMAN JBYX IITAMMOB IIMAHOOAKTEpHH NpH KYJIFTUBHPOBAHWU B MCKYCCTBEHHBIX
cpezax ¥ ero BIMsHUE Ha 3(P(EKTHBHOCTh PACTHTENBLHO-MUKPOOHOTO B3auMoAencTBus. OnpeneneHbl AMHAMUAKN HaKOTIIICHHS
Onomacchl KJIETOK, Karajla3HOM aKTHMBHOCTH, M3MEHEHHWS! KOJIMYECTBA KapaTWHOWIOB, 00ECHEYeHHOCTH 14-ThIO MHUKpPO- H
MaKpOJIEMEHTaMU NHUTAaHHUS B TEUEHHE T'OJOBOTO ILIUKJIA MCKYCCTBEHHOTO KYJILTUBHPOBAHUS. YCT@HOBJICHBI KOPPEIALUH B
cucremMe «(pU3HOIOro-0MOXUMHUYIECK i oTeHman Nostoc sphaeroides Kiitzing 4 (ACSSI 150) — npoayKTHBHOCTh PacTEHUIA
Triticum aestivum L.». Pocroctumynupyromuii 3pdexr Ha pacTeHust oTMedeH npu O0akrepusanuu mrammoM N. sphaeroides 4 ,
MOJTyYEHHBIM C HEJOCTaTKOM MuTaHus B KynbType Fe — 31,5% (c aktuBHOCTBIO Xnopodmmaa A 94,0%) u Zn — 226,7% (c
aKTHBHOCTBIO Xyopodmmaa A 22%), a TakKe ¢ KaTaaa3HOW akTHBHOCTBIO — 32 Mkmonb H202/r/mMun uepes 1,5 u 7,5 mecsnes
KyJIbTHBUpOBaHUS. ['epOnumansiii 3¢dext Ha pacTeHus HaONomany NMpyu OaKTEepU3alWH JAHHBIM IITaMMOM C ONTHMAaJIbHBIM
3anacoM obecreueHHOCTH B KynbType Zn u Fe (¢ moreHImanom akTuBHOCTH Xjiopodmmna A st Zn — 14-58%, nust Fe — 2—
91%) 1 XapakTepU3yIOIMUMCS KaTaia3HOH aKTHBHOCTBIO ¢ Jquana3zoHoM 69,1-63,8 mxmonbs H,O,/r/Mun yepes 4,5-6,0 mecsiien
KyJbTHBUPOBAaHMS. YCTaHOBJIEHBI KOPPENSIIMM B CHCTEME «(HU3HOJIOro-OMOXMMUYECKUI MoTeHnuman mramma Desmonostoc
muscorum (C.Agardh ex Bornet et Flahault) Hrouzek et Ventura 1 (ACSSI 091) — npoaykTHBHOCTh pacteHuil Triticum
aestivum L.». Macca KOpHEHl pacTeHWH KOppelupoBaja C HaKoIIeHHeM OuomMacchl kieTok mtamma (r=0,77) u umena
00paTHyI0 KOPPEISIMI0 C KOJMYECTBOM KapoTHHOHIOB (r=-0,95). VBenmnuenwne QuTOMacchl pacTeHWH BBIABICHO NpHU
GakTepm3anuu 9,0 MecsSIHON KyIbTypoil mramma ¢ 6nomaccoit 0,003-0,004 Mr abcoroTHO CyX0oi Macchl (a.c.M.)/MII Cpenbl U
MHUHAMAaJIBHBIM KOJIMYECTBOM KapoTHHOWIOB B KieTkax (0,05-0,1%). HrnbupoBanne pacTeHHi OTMEUay Mpu OakTepu3anum
mramMmmMoM ¢ Omomaccoit 0,0001 mr a.c.M./MJI CpeAbl W KOJIMYECTBOM KapOTHHOWUIOB 2,5-4,4%, ONTHMAIEHBIM 3aracoM
obecrieueHHOCTH mTaMMa Zn U Fe ¢ moteHunanoM poTOXMMHUYECKO akTUBHOCTH Xiopodmimia A mist Zn — 14-58%, nust Fe —
2-91%, uto BbIABIEHO Yy 1,5 U 7,0 MecA4HOHN KyIbTyp. DKCIEPUMEHTANIBHO JTOKa3aHO, YTO UCKYCCTBEHHOE KyJIbTUBHPOBAHUE
BIMSICT HAa META0OIMUYCCKUI MOTEHIHAT (OTOTPOPHBIX MITAMMOB, OAKTEPU3AIIU KOTOPBIMH SIBIIICTCS PEIIAIONINM (haKTOPOM,
OMPEACIIAIOIINUM TMPOAYKTUBHOCTE PpaCTCHHA, 4YTO BaXHO JJIA 6I/IOT€XHOJ'IOI‘I/II/I CO31aHus MI/IKpO6HI)IX npemnaparoB
CTUMYIIHPYIOIIET0 W repounuaHoro neiictus. MccnemoBanue BeimonHeHO B pamkax [oczamanms PAH Ne0834-2015-0001 u
rpaaToB POOU Nel5-29-01272 u Nel18-016-00184.

The influence of the physiological potential of cyanobacteria on plant-microbe interaction
Didovich S.V.,, Alekseenko O.P., Gorgulko T. V., Didovich A.N.
FSB Scientific Institution «Research Institute of Agriculture of Crimeay, Simferopol, Russia

Physiological and biochemical potential of the two cyanobacterial strains in condition with synthetic nutrient medium and
influence of this potential on the efficiency of plant-microbe interactions studied. The dynamics of accumulation of biomass of
cells and catalase activity, dynamic of change of the amount of carotenoids and dynamic of providing of 14 micro- and
macroelements of nutrients during the annual cycle cultivation studied. Correlations were established in the system of
«physiological and biochemical potential of Nostoc sphaeroides Kiitzing strain 4 (ACSSI 150) — plant productivity Triticum
aestivum L.». The growth-stimulating effect on plants was observed under bacterization by strain N. sphaeroides 4, which was
received with a lack of nutrition in the culture Fe-31,5% (with the activity of chlorophyll «A» 94,0%) and Zn—-226,7% (with
the activity of chlorophyll «A» 22%), as well as with catalase activity — 32 micromole H,O,/g/min after 1,5 and 7,5 months of
cultivation. The herbicidal effect on the plants was observed under bacterization this strain with an optimal supply reserve in
the culture of Zn and Fe (with potential of chlorophyll «A» activity for Zn — 14-58%, for Fe — 2-91%) and had catalase
activity with a range of 69,1-63,8 micromole H,O,/g/min after 4,5-6,0 months of cultivation. Correlations were established in
the system of «physiological and biochemical potential of Desmonostoc muscorum (C.Agardh ex Bornet et Flahault) Hrouzek
et Ventura strain 1 (ACSSI 091) — plant productivity Triticum aestivum L.». The mass of plant roots correlated with the
biomass accumulation of strain cells (r=0,77) and had an inverse correlation with the amount of cyanobacteria carotenoids (r=—
0.95). The increase in the phytomass of plants identified under bacterization of 9,0 monthly culture of the strain with biomass
0f 0,003-0,004 mg absolutely dry mass (a.d.m.)/ml of nutrient medium and a minimal amount of carotenoids in the cells (0.05-
0.1%). Inhibition of plants was noted under bacterization of a strain with biomass of 0.0001 mg a.d.m/ml of nutrient medium
and the amount of carotenoids 2,5-4,4%, as well as with the optimal supply of the strain in the culture of Zn and Fe with the
potential of photochemical activity of chlorophyll «A» for Zn — 14-58%, for Fe — 2-91%, which was established after 1,5 and
7,0 monthly of cultivation. It is experimentally proved that synthetic cultivation affects the metabolic potential of phototrophic
strains, bacterization of which is the decisive factor and determine the productivity of the plant. It is important for
biotechnologies of microbial preparations of stimulating and herbicidal action. The study was performed in the framework of
the state task of the RAS Ne 0834-2015-0001 and RFBR grant Ne15-29-01272 and Ne18-016-00184.
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Ponb X1uT000/IMrocaxapuaAHbIX CHTHAJILHBIX MOJIEKY]1 B KOHTPOJIe CHMOMOTHYECKHX U MATOreHHbIX B3aHMOOTHOIICHH i
pacTeHuii ¢ MUKPOOPraHU3MaMH
Honrux E.A., Jlennsinen U.B., Kupuenko A.H., bosun A.B., Jlonrux A.B., [llaxnazaposa B.1O., Tuxonosuu N.A.
OI'BHY Bceepoccuiickuii HayqHO-HCCIIEIOBATEIECKAN HHCTUTYT CEIbCKOX03SMCTBEHHON MUKpoOHonoruu, [IymkuH, r. CaHKT-
[etepOypr, Poccus
E-mail:dol2helen@yahoo.com

BoOoBbie pacTeHusi 007aalOT XOPOIIO Pa3BUTHIMH MEXaHHW3MaMH pa3jIM4YEHHs CHUTHAJIIOB MHKPOOPIaHHU3MOB, KOTOpBIC
aKTHBUPYIOT BHYTPHKJICTOYHBIE MYTH, BeAyIIMEe K Pa3BUTHIO cMMOMO3a Wi martorene3a. Cpeny Takux COeIUHEHHH 0coOyio
pOJIb  WMIPalOT XHUTOOJMIOCaxXapHIHbIE CHIHAIbHBIE MOJICKYJbl. bBoOOBble pacTeHHs MOTYT d(GQEKTHBHO pa3anyarh
nunoxurooiurocaxapuipl  Nod-(aktopbl, BblnensieMble a3oTGUKcHpyromuMu Oakrepusivu  nop. Rhizobiales, a Ttakxke
KOpoTKHe xuToonurocaxapuasl XOC4—5, BeigensemMsple TprdaMu apOycKyIsipHOi MUKOPH3BI (AM), 9TO IPUBOJHT K Pa3BUTHIO
cumbno3oB. U3BectHo, uro Nod-aktopsr m koporkre XOC4—5 crmocoOHBI MOAABIATH Pa3sBUTHE WMMYHHOTO OTBETa Y
pacrenuii. BMecte ¢ TeM, 6000BbIe pacTeHus 3PPEKTUBHO pazinyaioT JymHHOMepHbIe XOC, BBIIENIsIEMbIE ITPH PACIICIIICHUH
KJICTOYHOH CTEHKH (HUTOMATOTeHHBIX TpuOoB mpu maroreHe3e. XOC8—10 SBIAOTCS CHIBHBIMH SIIMCHUTOPAMH 3alIUTHBIX
peakuuii y pactreHuid. OCHOBHOM 1LI€IbI0 HAIIMX UCCIIEIOBAaHUM, KOTOPBIE MPOBOMSATCS Ha ropoxe Pisum sativum L., sBrsercs
U3y4eHUE MEXaHM3MOB, C IIOMOLIbIO KOTOPBIX PACTEHHSl PAa3IMYalOT CTONb OJIM3KHE 110 CTPOSHHIO COEJUHEHMS, HO
BBI3BIBAIOIINE COBEPIICHHO IPOTHBOMOJIOXKHBIE PEAKIUH. Pe3ynbTatoM MOWCKa pEIENTOPOB y TOpOXa, BOBJICUYEHHBIX B
y3HaBanue XOC c¢ pa3HO# creneHplo nonumepusanuu, crana uiaeHtudukanus CERK1-nomobnoro peunentopa — LYK9. V
TPAHCTEHHBIX pPAacTeHHH ¢ TmomaBieHHON osKcmpeccuedt reHa Lyk9 (Lyk9-RNAi) yBenmdmBamach YyBCTBHTEIBHOCTH K
¢utonarorenHoMy rpudy F. culmorum. Bmecte ¢ teM, y Lyk9-RNAi cHmxanace 3p(peKTHBHOCTh MHUKOPH3ALNH, a TAKKe
YPOBEHb 3KCIPECCUH TeHOB — MapKEepPOB Pa3BUTHS CUMOKMo3amu ¢ TpubamMu AM B oTBeT Ha 06padboTky XOC4—5 (NSP1, NSP2
n DWARF27). 310 nmo3Bonmiio caenarb BBIBOA O ToM, 4To penentop LYK9 mMoxxeT KOHTponupoBaTh Kak pa3BUTHE HMMYHHOTO
OTBETa CO CTOPOHBI pacTeHHH, Tak M cuMOMO3 ¢ rpubamu AM. Takas OuQyHKUMOHAIIBHAS POJb PELENTOpPa MOXKET OBITH
CBsI3aHa CO CIOCOOHOCTHIO (POPMHMPOBATH KOMIUIEKCHI C Pa3HBIMH KO-pelleNTOpaMy NpH y3HaBaHuM pazauyHbix XOC. s
MOUCKA KOMIIOHEHTOB CHTHAJbHBIX myTeil, akTuBupyeMblx XOC ¢ pa3HOW CTENeHbIO MOJMMEpPHU3AlNH, HAMU ObLIH
MIPOaHATU3UPOBAHbI IPOTEOMbI KOpHEW ropoxa, 00pabOTaHHBIX CHUI'HAIBHBIMH MOJIEKYJIaMHU. BbIsSIBIEHHBIE HOBBIE PETYJISTOPHI
CTaMM TPEIMETOM HCCICAOBAaHUS M WX pOJIb IpU CHUMOMO3€ W TaroreHese obcyxmaercs. Bmecre ¢ TeM, Hamu
uaeHTuunrpoBad peuentop K1, Kotopeiii HEOOX0OMM AJs y3HABaHUS CHTHAJIHHBIX MOJeKynl Nod-gpakTopoB mpu 6060Bo-
pHu300nansHOM cuMOno3e. BhIIo BliepBbIE MTOKa3aHO, YTO aKTHBAIMS PELENTOpa MPUBOJUT K YBEIUUCHHIO SKCIIPECCHH TCHOB,
MOAABIIIOINX UMMYHHBIH OoTBeT co ctopoHbl pacteHnii — SymCRK n DNF2. Pabora nmomnepskana rpantom PH® 16-16-
10043.

Role of chitooligosaccharidic signal molecules in the control of plant symbiotic and pathogenic relationships with
microorganisms
Dolgikh E.A., Leppyanen 1.V., Kirienko A.N., Bovin A.V., Dolgikh A.V., Shakhnazarova V.Yu., Tikhonovich [.A.
All-Russia Research Institute for Agricultural Microbiology (ARRIAM), Pushkin, Saint Petersburg, Russia

Legume plants have developed sensitive mechanisms to respond to signals from the potentially interacting microorganisms
followed by the transduction of the signal to elicit the symbiosis or pathogenesis development. Among such compounds the
chitooligosaccharidic signal molecules play a specific role. Legumes can effectively respond to lipochitooligosaccharides Nod
factors released by nitrogen-fixing bacteria of the order Rhizobiales as well as short-chain CO4-5 produced by arbuscular
mycorrhizal (AM) fungi that results in symbiosis development. It is known that Nod factors and short CO4-5 are able to
suppress the development of immune responses in plants. At the same time, legumes can effectively distinguish long-chain
chitooligosaccharides released from the cell wall of phytopathogenic fungi in pathogenesis. CO8-10 are potent elicitors of
defence reactions in plants. How exactly plants perceive the structurally related signal molecules to elicit defense or symbiotic
responses is the major objective of our work done on pea Pisum sativum L. Searching for receptors in pea involved in the
recognition of COs with different degree of polymerization resulted in the identification of the CERK1-like receptor LYKO. It
was shown that transgenic plants with PsLyk9 knock-down (PsLyk9-RNAi) were more susceptible to the pathogenic fungus F.
culmorum. Moreover, in PsLyk9-RNAi plants the efficiency of mycorrhization was declined as well as a decreased level of
AM symbiosis marker genes (NSP1, NSP2 u DWARF27) was observed in response to treatment with short-chain COS. It
allowed us to conclude that CERK1-like receptor LYKO in pea may control both the plant immunity and AM symbiosis. Such
bifunctional role of the receptor might be determined by the ability to form complexes with various co-receptors at the
recognition of differing COs. To find the components of the signal pathways activated by the COs with different degree of
polymerization, the proteomes of pea roots treated with signal molecules were analyzed. New identified regulators became the
subject of research and their role in symbiosis and pathogenesis was discussed. At the same time, we identified the Kl
receptor, which is necessary for recognition of the Nod factor signal molecules and triggering the legume-rhizobia symbiosis.
It was firstly shown the activation of this receptor may be connected with the induction of gene expression, suppressing the
immune response in plants like the SymCRK and DNF2. This work was supported by Russian Science Foundation grant 16-
16-10043.
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IIporexTopHast posb OnonneHok Nostoc commune NPH BHIPAIIUBAHNU PACTEHNI B 3arpsi3HEHHOI MoYBe
2 [lompauesa JI.U.,>*Ckyropesa C.I".,*@okuna A.1.
'BsiTcKas TOCyIapCTBEHHAs CENBCKOXO3iCTBENHas akanemus, Kupos, Poccus
*MuctutyT 6nonorun Komm Hayaroro mentpa Ypansckoro oraenenus PAH, Crikteikap, Poccns
*BATcKui rOCYIapCTBEHHBIA yHUBEpcHTET, Kupos, Poccust
E-mail: skugoreva@mail.ru

[lpuponHbie OWOIUIEHKM C JOMHUHHMpOBaHWEM IMaHOOakTepun Nostoc commune — MHOTOBUAOBBIE COOOIIECTBa,
pacnpocTpaHeHHbIE B Pa3IMYHBIX PErMOHAX IUIAHETHl, BKJIOYash JKCTpeMalibHble MecTooOMTaHMs. B cocraB mogoOHBIX
MYJBTHBHIOBBIX OHOIUICHOK, MOMHMO 3audukaropa N. commune, BXONIAT NPYTHe TETCPOIMCTHBIC U OE3reTEePOIMCTHBIC
LMaHOOAKTEPUH U BOJOPOCIH Pa3IMUHbIX OT/ENIOB, CyMMapHasi YUCJICHHOCTh KOTOPBIX MOXKET MPEBBIIIATh 2 MIPJ. KJIETOK B 1
T OuoruteHKH. ['eTepoTpodHEBIil 60K OMOIIICHOK MPENCTABICH OAKTEPUSIMHU PA3IMIHON CHCTEMATHUECKON MPUHAIIC)KHOCTH U
MHUKPOMHIIETAMH, JIMHA MHIEINS KOTOPBIX MOJXKET IpEBBIIaTh 2 KM/T OHOIUieHKH. Pa3HOOOpaszue MHKpOOPIaHW3MOB,
BXOJAIIMX B COCTaB OMOIUIEHKH, OMpeJessieT pasHooOpa3ne MeTadONMYECKHX MpPOLECCOB, CIIOCOOHOCTh K JErpajlaliud 1
YTWIN3AIMA KCCHOOMOTHKOB. B 3aBHCHMMOCTH OT XapakTepa 3arpsi3HSIONINX BEIIECTB B ITOYBE HA JIMAWPYIOLIME MO3HUIUH B
cocTaBe OMOIIEHOK MOTYT BBIXOJHUTH BHIBI (POTOTpOdOB, HaubONee aganTHPOBaHHBIE K MPUCYTCTBYIOIIUM MOJLTFOTAHTAM.
Emg onHoi yHUKaIbHOM 0COOEHHOCTBHIO OMOIIIEHOK N. commune SIBISIETCSI UX CIIOCOOHOCTh K CAMOBOCCTAHOBJIEHHIO IOCIIE
MEXaHMYECKOro paspymieHus. Hammm uccienoBaHus MokasaiH, 4To OHOpeMeInaIlioHHBIN MOTeHIHaN OUOMIeHOK N. commune
W WCIOJIb30BAaHWE MX AJIsI MHOKYISIIIMU CEMSIH CeJIbCKOXO3SHCTBEHHBIX KYJBTYp (0OOOBBIX, 3J71aKOB, KPECTOLBETHBIX) IPH
BBIPAIIMBAaHUN B XMMHYECKH W OMOJOTHYECKH 3arpsA3HEHHBIX MOYBax Oa3zupyeTcs Ha ONpPEAEICHHBIX CBOWCTBAX BXOISIINX B
HUX OPraHU3MOB: 1. DKcCcynanus 3HAUMTENBPHOTO KOJMYECTBA CIM3H OOECHEYMBACT XOpOINEE MPWJIMIIAHUE OWOMICHOK K
TIOBEPXHOCTH ceMsH. 2. brocopOnus TsDKEIbIX METaIoB KOMIOHEHTaMH OMOIUICHOK 3aKPBIBAET JOCTYI STHX TOKCHKAaHTOB B
KOpHU pacTeHui. 3. depMEeHTaTUBHBIM THAPOJIU3 MECTUIMIOB, OCYLIECTBISIEMbI KOMIIOHEHTAMH TeTepoTpodHOro Oioka
OMOIIJICHOK, HUBEIHPYET UX pENpeccCUBHOE AeHCTBUE Ha pacteHue. 4. MHOrHe BHIBI IMaHOOAKTEPHUH, BXOIIMX B COCTaB
OMOIIJICHOK, BBHIJEISIOT BEIeCTBa, 00Jafaomye GyHTHIUAHBIM JACHCTBUEM, YTO MPEMSTCTBYET Pa3BUTHIO (DUTONATOIEHOB B
pusochepe pactenuit. 5. CTUMYISAINS pOCTa U PA3BUTHS PACTECHUH 00ECIIEUNBAETCS SK30CMOCOM ayKCHHOIIOIOOHBIX BEIECTB
pa3lIMuHBIMKM  MPEACTABUTENISIMH ~ MYJBTHBUAOBBIX ~OHOIUIeHOK. TakuM 00pa3oB, cpeau OHOAreHTOB MHUKPOOHOrO
MIPOUCXOXKACHUSI, MCIIOIb3YEMBIX B TPAKTUKE CEIBCKOTO XO3MHCTBA JUIS 3aIUTHI PACTEHUH OT OOJE3HEH M XUMHUYECKHX
MOJUTFOTAHTOB, IMEHHO MYJIbTUBHUIOBbIE OMOIUIEHKH N. commune MOTYT HaliTH HanOoJIee MMPOKOe IPUMEHEHHE.

Protector role of biofilms Nostoc commune in growing plants in contaminated soil
“Domracheva L.I., **Skugoreva S.G., *Fokina A.I.
"Vyatka State Agricultural Academy, Kirov, Russia
*Institute of Biology of the Komi Science Centre of the Ural Division RAS, Syktyvkar, Russia
*Vyatka State University, Kirov, Russia

Natural biofilms with the dominance of cyanobacteria Nostoc commune are a multitude of species that are common in various
regions of the planet, including extreme habitats. The composition of such multiview biofilms, in addition to the N. commune
edifier, includes other heterocystic and non-heterocystic cyanobacteria and algae of various departments, the total number of
which can exceed 2 billion cells/g of biofilm. The heterotrophic block of biofilms is represented by bacteria of various
systematic accessory and micromycetes, the length of the mycelium of which may exceed 2 km/g of biofilm. The variety of
microorganisms that make up the biofilm determines the variety of metabolic processes, the ability to degrade and utilize
xenobiotics. Depending on the nature of the pollutants in the soil, the types of phototrophs most adapted to the pollutants
present can enter the leading positions in the biofilm composition. Another unique feature of N. commune biofilms is their
ability to self-repair after mechanical destruction. Our studies have shown that the bioremediation potential of N. commune
biofilms and their use for inoculation of seeds of crops (beans, grasses, cruciferous) in cultivation in chemically and
biologically contaminated soils is based on certain properties of the organisms entering into them: 1. Exudation of a significant
amount of mucus provides good adhesion of biofilms to the surface of seeds. 2. Biosorption of heavy metals by biofilm
components closes the access of these toxicants to plant roots. 3. Enzymatic hydrolysis of pesticides, carried out by
components of the heterotrophic block of biofilms, neutralizes their repressive effect on the plant. 4. Many types of
cyanobacteria that make up the biofilm give off substances with a fungicidal effect, which prevents the development of
phytopathogens in the rhizosphere of plants. 5. Stimulation of plant growth and development is provided by exosmosomes of
auxin-like substances by various representatives of multi-species biofilms. Thus, among biogens of microbial origin used in the
practice of agriculture to protect plants from diseases and chemical pollutants, it is N. commune multiview biofilms that can be
most widely used.
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IlepcriekTHBBI HCIOIB30BaHNsl OHHAPHBIX ACCOLMALMI HA OCHOBE IMAHOOAKTEPHIl M AKTHHOMMIETOB JUUIS 3AIIUTHI
pacTeHMii OT (PUTONATOICHOB
'2Jlompauesa JL.U., >*Iupoknx NI, *Toecruk E.B., “Ckyropesa C.I.
'BsiTcKas ToCyIapCTBEHHAs CENBCKOXO3AHCTBEHHas akaneMus, Kupos, Poccus
*HMuctutyT 6nonorun Komm Hayaroro mentpa Ypansckoro oraenenus PAH, Crikteikap, Poccns
3MenepanbHbIi arpapHbIi HaydHbId eHTp Ceepo-Bocroka um. H. B. Pyauuukoro, Kupos, Poccus
E-mail: tovstik2006@inbox.ru

B mnocnennue rompl Bc€ OOJNBIIYIO IMOIMYISIPHOCTH B 3aIUTE PACTEHUH OT WMHQEKUUH NpHOOpeTaroT HE MOHOKYIBTYDHI
MHUKpPOOPTaHM3MOB, a OuoIpernaparsl IJisi HHTPOJAYKIMHA B TMOYBY BMECTE C MOCAIOYHBIM MaTEepUaliOM, B COCTaB KOTOPBIX
BXOJIUT HECKOJbKO BHIOB. [Ipy mombope napTHepoB Ui TaKMX KOHCOPIMYMOB HEOOXOIMMO YYHTBIBAaTh OTCYTCTBHUE
KOHKYPEHIIMH B VYCIOBHAX COBMECTHOTO KYyJbTUBHPOBAHUS ¥ (POPMHPOBAHHE MEKIIOMYISAIUOHHBIX PETYISITOPHBIX
MexaHm3MOB. K 4mcioy OpraHm3MoOB, DSBOJIOIMOHHO TIPHCIIOCOONCHHBIX K COBMECTHOMY IPOXKHBAaHHIO, OTHOCSTCS
IIMaHO0aKTEepUH U akKTHHOMHUIETHI. [{nanobakTepun 001a1al0T ClIOCOOHOCTBIO K MacCOBOMY Pa3MHOXKCHHUIO Ha TIOBEPXHOCTH
MTOYBBI, POPMUPYSI TOBEPXHOCTHBIC HAJICTHI, KOPOUKH U OMOIIICHKH, B KOTOPHIX IIOCTOSHHO OOHAPYKUBAIOTCS AKTHHOMHIICTHI B
KauecTBE TeTepOTPOQHBIX CIYTHHKOB. JIJIsl 3alIUThl pacTeHWil OT (PUTONMATOrEHOB HEOOXOIMMO CO3JIaHHWE HMCKYCCTBEHHBIX
LMaHO0aKTEepUaAIbHO-aKTHHOMHIIETHBIX accolMannii, 00JaJalomuX aKTUBHOM Npoaykuueidl aHTuOHMoTHKOB. EcrecTBeHHO
MPEIOIOKUTh, YTO B JBOMHBIX AaCCOIMANMAX TNPOXYKTHBHBIM ITOTEHIMAJ, CBSI3aHHBIH C OHMOCHHTE30M aHTUMHKPOOHBIX
BEILIECTB, MOXKET ycuimBarbcsi. Ha mckyccrBeHHOM wuH(exkinoHHoM (one no rpudy Fusarium avenaceum 7/2, KoTopsblii
SIBIISIETCS (DPUTOIIATOTEHHBIM M TOKCHHOTEHHBIM BHJIOM, B CEPHH MOJEIBHBIX IKCIIEPUMEHTOB C KyJIbTYpaMH ITHAaHOOAKTEpUi 1
aKTUHOMMIIETOB, BBIICICHHBIX M3 IOYBHl M PH30C(epsl CeTHCKOXO3IHCTBEHHBIX PACTEHHH, YCTAaHOBJIEHO, YTO HamOOJbIIEit
aHTH(y3apHO3HON aKTUBHOCTBIO 00JIa/IatoT clienyronne OuHapublie acconuanuu: Nostoc linckia + Streptomyces luteogriseus n
Fischerella muscicola + S. wedmorensis 38.11. B nanpHeiireM, B XOIe BEreTallMOHHOTO OIIBITA, HM3YYalH JeiCTBHE
MpeANnoceBHOI 00paboTkK ceMsiH nmeHuIb! [Ipnokckas )XUAKMMU MOHOKYJbTYpamu S. wedmorensis 38.11 u F. muscicola
(Thur.) Gom. 300, a Takxe ABYXKOMIIOHCHTHOW CMEIIAHHOW acCOIMAlUEeil 3TUX MUKPOOPIaHU3MOB, HA MOP(POMETPHUCCKUE
MOKa3aTesiu MPOPOCTKOB U MX MPOIYKTHBHOCTh Ha OOBIYHOM M HH(pekunoHHoM (one 1o F. avenaceum 7/2. Pe3ynbrarsl orbita
nokaszanu, 4ro OuHapHas accoumaums Fis. muscicola + S. wedmorensis 38.11 oxkazanace Oonee 3((heKTHBHBIM
aHTH(]y3apHO3HBIM areHTOM, YeM MOHOKYJIBTYPHI BXOIIIINX B He€ MHUKPOOHBIX KOMITOHCHTOB.

Prospects of use of binary associations based on cyanobacteria and actinomycetes to protect plants from
phytopathogens
Domracheva L.I., **Shirokikh 1.G., *Tovstik E.V., *Skugoreva S.G.
'Vyatka State Agricultural Academy, Kirov, Russia
*Institute of Biology of the Komi Science Centre of the Ural Division RAS, Syktyvkar, Russia
’N. V. Rudnitski Zonal North-East Agricultural Research Institute, Kirov, Russia

Last years the increasing popularity in protection of plants against infections is got not by monocultures of microorganisms,
and biological products for entering into soil together with a landing material which structure includes some kinds. At selection
of partners for such consortia it is necessary to consider absence of a competition in the conditions of joint cultivation
formation of mechanisms of regulation between populations. Among the organisms evolutionarily adapted to cohabitation are
cyanobacteria and actinomycetes. Cyanobacteria have the ability to mass reproduction on the soil surface, forming surface
deposits, crusts and biofilms, in which actinomycetes are constantly detected as heterotrophic satellites. To protect plants from
phytopathogens, it is necessary to create artificial cyanobacterial-actinomycete associations that have an active production of
antibiotics. It is natural to assume that in double associations the productive potential associated with the biosynthesis of
antimicrobial substances can be strengthened. On an artificial infectious background on fungus Fusarium avenaceum 7/2,
which is phytopathogenic and toxogenic, in a series of model experiments with cultures of cyanobacteria and actinomycetes
isolated from soil and rhizosphere of agricultural plants, the following binary associations have the largest antifusor activity:
Nostoc linckia + Streptomyces luteogriseus and Fischerella muscicola + S. wedmorensis 38.11. Later, during the vegetative
experience, the effect of presowing treatment of wheat seeds in Priokskaya was studied by liquid monocultures of S.
wedmorensis 38.11 and F. muscicola (Thur) Gom. 300, and also by a two-component mixed association of these
microorganisms, on the morphometric characteristics of seedlings and their productivity in the usual and infectious background
according to F. avenaceum 7/2. The results of the experiment showed that the binary association Fis. muscicola + S.
wedmorensis 38.11 proved to be a more effective antifuzario agent than the monocultures of the microbial components that
enter it.
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H3ydenue mopdoreHeTH4ecKOro NOTeHUANA in vitro COPTOB TAMbSIHA
Jpesosa A.H., Yepenunuenko M.1O.
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B Hacrosimiee Bpemsi JIeKapcTBEHHBIE TPaBbl IIMPOKO MCHONB3YIOTCS B MEJUIIMHE IS JICYSHHUSI U POQMIAKTUKH Pa3IMIHBIX
3aboneBanuii. Cpenu mpexacraButeneid cemerictBa Lamiaceae Mart. THMBSH 00agaeT HanOOJBIIUM KOJIMYECTBOM BHJIOB H
¢dopM. THUMBSH SBJISETCS MCTOYHUKOM S(PHPHOTO Maciia, KOTOPOE COJEPKUT MHOTO OMOJIOTMYECKH aKTUBHBIX COEIMHEHHN
(rmaBHBIM 00pa3oM, TUMOJI U KapBakKpoll), 00JaJalolUX CHIbHBIMU OaKTEpUIMIHBIMUA CBOWCTBaMH. Maciio THMbsIHA IIMPOKO
MPUMEHSIOT B ouIMHaNBHON MeruiuHe. OHO OKa3bIBaeT OJIAarOTBOPHOE BIHMSHUE HA OPraHU3M: YKPEIUIieT HMMMYHHTET,
obnazaer QyHIMUIUIHBIM ACHCTBUEM, IOJOXKHTEIHLHO BO3JICHCTBYET Ha HEPBHYIO CHCTEMY, Ha JESITENILHOCTH JKENYJ04YHO-
KHIIIEYHOTO TPAKTa, a TAKXKe 00IaaeT aHaIbIeTHIECKUM ACHCTBUEM M IPYTHMMH CBOicTBaMu. [ aHamM3a M peryInpOBaHHS
mpouecca 00pa3oBaHMS LEHHBIX BTOPHYHBIX META0ONMTOB IEIECOO0Pa3HO HCIOJIB30BaTh OMOTEXHOJIOTHYECKHE METOIBI
KyJBTYpHI in vitro. V3ydenne Mop(OoreHeTH4eckoro MOTEHIMAaNa pa3iniHbIX BHIOB M COPTOB THMbSIHA JacT BO3MOXKHOCTB
11o00paTh ONTUMAIIBHBIA OOBEKT AJISI MOCIEAYIONINX HCCIICIOBAHUN B 00JIACTH PETYIMPOBAHMS U MOBBIIICHUS HHTEHCUBHOCTH
BTOPUYHOTO CHHTe3a. He3aBHCHMMOCTh OT BHEIIHMX YCJIOBHH M BBICOKash 3()(EKTUBHOCTh MPOM3BOJCTBA BTOPUYHBIX
METabOJIUTOB B KYJBTYpE 71 Vitro eNaroT 3Ty TEXHOJIOTHIO IPUBJIEKATENbHON JUIsl TPOM3BOIUTEINEH JeKapCTBEHHBIX CPEICTB.
Llenbio qaHHOM paboOTHI OBUIO M3y4YeHHE MOP(OTreHETHYECKOro MOTEHIMANA PA3InYHbIX BUJIOB U COPTOB THMbsIHA in Vvitro. B
pe3yJsibTare MPOBEIEHHBIX 3KCIEPHUMEHTOB IMOKa3aHa COPTOCHEM(UYHOCTh PEaKlMHd Ha CTePHIIM3YIOIIUE areHThl (XJIOpHI
prytu (II) n Tunoxmoput Hatpust) coptoB Jlumonnsri, Anenuiickuit men ( Thymus vulgaris) n llukanatasii (Thymus serpyllum).
s copra JIumMoHHBIH ydInen cpenoit st obpasoBaHms kamryca sBisieTcst cpena MC ¢ nobasnennem 2,4-J1 u BAIL. Kammyc
oOpasyercss B OCHOBHOM M3 CTEOJEBBIX CerMeHTOB. [yl cTeOseBoro opraHoreHesa MpeIiouTUTENIbHEE UCITIONb30BaTh CPey
MC c nobaBnennem kunetnHa. st copra Anbnuiickuii Mex JTydmieii cpenoit uis oOpa3oBanus Kauryca siBisiercs: cpena MC c
nobaeinenneM 2,4-J1 nim coueranus nurokuHuHa BAIT ¢ aykcmnom UVYK (B ornHomenun 30:1). CrebneBoil opraHorenes
npoucxomut Ha nuratenbHol cpere MC c moGanennem BAIT m UYK. Copr IlukantHblil obnagaer HanOoyiee BBICOKOH
CcocoOHOCTBIO K 00pa30BaHUIO KaJUTyca Kak M3 CTeOJIEBBIX, TaK U U3 JIUCTOBBIX CEIMEHTOB. BBICOKOM aKTHBHOCTBIO MHTYKITHU
Kautycorenesa obmnanator cpeapl MC ¢ coxmepxanuem 2,4-J1 u BAIl + UYK (B ornomenuu 10:1). [ns creGueBoro
OpraHoTeHe3a MPEAIouTHTEIbHEE UCIIONB30BaTh MUTaTenbHyo cpeny MC ¢ nobasnernem BAIT + UVK.

Study of the morphogenetic potential in vitro of thyme varieties
Drevova A.N., Cherednichenko M.Yu.
Russian Timiryazev State Agrarian University, Moscow, Russia

Currently, medicinal herbs are widely used in medicine for treatment and prevention of various diseases. Among the
representatives of the Lamiaceae Mart. family thyme has the largest number of species and forms. Thyme is a source of
essential oil, which contains many biologically active substances (mainly thymol and carvacrol) with the strong bactericidal
properties. Thyme oil is widely used in officinal medicine. It has a beneficial effect on the human body: strengthens the
immune system, has a fungicidal effect, positively affects the nervous system, the activity of the gastrointestinal tract, and has
analgesic effects and other properties. To analyze and to regulate the formation process of valuable secondary metabolites, it is
advisable to use biotechnological methods of in vitro culture. The study of the morphogenetic potential of various species and
varieties of thyme will make it possible to select the optimal object for subsequent studies in the field of regulation and
increasing the intensity of secondary synthesis. Independence from external conditions and high efficiency of secondary
metabolites production in in vitro culture make this technology attractive for drug manufacturers. The aim of this work was to
study the morphogenetic potential of various species and varieties of thyme in vitro. As a result of the experiments, the variety-
specific reaction to sterilizing agents (mercuric chloride (IT) and sodium hypochlorite) of varieties Lemonny, Alpiysky mjod
(Thymus vulgaris) and Pikantny (Thymus serpyllum) was shown. For variety Lemonny, the best environment for the callus
formation is the MS medium with the addition of 2.4-D or BAP. Callus is formed mostly from stem segments. For stem
organogenesis, it is preferable to use the MS medium supplemented with kinetin. For variety Alpiysky mjod, the medium with
the addition of 2.4-D or a combination of cytokinin BAP with auxin IAA (in the ratio of 30: 1) is the best medium for callus
formation. Stem organogenesis occurs on the MS nutrient medium with the addition of BAP and IAA. Variety Pikantny has the
highest ability to callus formation from stem and leaf segments. High activity of callusogenesis induction is possessed by MS
media containing 2.4-D and BAP + IAA (in a ratio of 10:1). For stem organogenesis, it is preferable to use MS nutrient
medium with addition of BAP + TAA.
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'Ny6una E.B., '1lunosckuii B.H., *Kocteutes [1.U., 'Py6an M.T.
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Ilo cremeHn BPEIOHOCHOCTHU JJIsl pyca MUAPHKYISIpU03 (BO30yauTeNb — rpud Magnaporthe grisea (Herbert) Barr Yaegashi &
Udagawa (anamop® Pyricularia aryzae Cav.)) 3aHAMAeT mepBoe MeCTO. B cucTeMe 3anmThl pacTeHUi OT Ooyie3Hel Hanboee
3 (PEeKTHBHBIM METOIOM SIBIISIETCSI CO3/IaHUsI KAMMYHHBIX» COPTOB PHCa - HCTOYHHKOB YCTOHYMBOCTH M OBICTpPOE BHEIpEHHE
WX B MPOM3BOJACTBO. Ha OCHOBE HCIONB30BaHUS COBPEMEHHBIX TEXHOJOTHH MonekyssipHoro JIHK-mapkupoBanus Hamu
MPOBEICHO BBEACHHE W MHUPAMHUAMPOBAHHE TE€HOB PE3UCTEHTHOCTH K mUpuKymspuody Pi-ta, Pi-b, Pi-1, Pi-2, Pi-33 B
OTEYECTBEHHBIE COpTa puca I MPUAAHUS UM JUINTEIFHOW yCTOWYMBOCTH K 3aboyeBaHmio. B pesyiprare psga BO3BpPaTHBIX
CKpEIINBaHNH TOJyYeH CEeJICKIIMOHHBIA MaTepraj ¢ HHTPOAYLMPOBAaHHBIMH M MMPAaMHIMPOBAHHBIMU T€HAMH PE3UCTEHTHOCTH
K MUPUKYIsIpro3y. KOHTpONE JTOMHHAHTHEIX alUIeleld IEJIEBBIX TEHOB B TIPOLECCe CENEKIUH IMPOBOIMIN METOHaMHU
MOJICKYJIIpHOTO MapkupoBanus (marker assisted selection, MAS). [Ins NOBBIIICHHS 3KOHOMHYECKOH 3(PPEKTUBHOCTU
MapKepHO#l cejekuuu pazpaboTraHa cucrema MynbTuiuiekcHod [1LIP, mo3Bosnsromas MIeHTU(GHUIMPOBATE OJHOBPEMEHHO [Ba
nsydaembix reHa Pi-1+Pi-2, Pi-33+Pi-ta u Pi-tatPi-b pe3ucrentHoct k M. grisea B renomHoit JJHK ruGpuanbix pacrenunit
IIPU TIOCTaHOBKE OAHOW peakuuu. E€ Mcronbp30BaHUE MO3BOJIMT 3HAYUTEIBHO COKPATHThH 3aTPaThl PACXOIHBIX MATEPHAJIOB M
BpeMs Ha BHINIONHEHHWE aHamm3a oO0pasnoB puca. Duromaronorndyeckas OLEHKA MOJYYCHHBIX JIMHUAH IOKa3ala WX
ycroitanBocTh K M. grisea. Copt puca Anbsiac (KII-171-14) ¢ rerom Pi-ta u copt puca [IupyasT ¢ TpeMs reHaM# yCTOHYNBOCTH
Kk mupukymsipuosy (Pi-1, Pi-2, Pi-33), amantupoBaHHBIE K YCJIOBHSM BBIpallMBaHWs Ha tore Poccum, ycToWdmBEIE K
KpacHOIapCKoH momyisuu matoreHa Pyricularia oryzae Cav., a Takke IMEIOIINE BEICOKYIO YPOKaHHOCTh U Ka9eCTBO KPYIIBI
nepenanbl Ha ['ocyapcTBEHHOE COPTOHMCIBITaHUE, COPT prca AHTapuc ¢ reHoMm Pi-ta momroroBnen mis nepepaun Ha ['CH.
BHenpeHue u Bo3/eIbIBaHUE TAKUX COPTOB B IIPOM3BOJICTBE MO3BOJIMT COKPATHTh NPUMEHEHNE XUMUYECKUX CPEACTB 3aIlUTEI,
TOJIy4YaTh SKOJIOTHYCCKHU YUCTYIO CCIbXO3NPOAYKIIUIO U I/136e)KaTB 3arpA3HEHUA 3€PHOBBIX OKOCHCTEM.

Development of new blast resistant forms of Oryza sativa L. using methods of molecular marking
'Dubina E.V.,'Shilovckii V.N.,’Kostylev P.I.,'Ruban M.G.
'Federal State Budgetary Scientific Institution «All-Russian Rice Research Institute», Krasnodar, Russia
’Federal State Budgetary Scientific Institution "Agrarian Scientific Center" DONSKOY ", Zernograd, Russia

Diseases of agricultural crops are one of the factors that severely limit the productivity of crop production around the world.
The annual damage caused by phytopathogenic microorganisms, according to various estimates, is from 10 to 20% of the total
productivity of world crop production. One of the serious limiting biotic stress factor for rice is blast (imperfect fungus
pathogen Pyricularia oryzae Cav. (Magnaporthe grisea (Herbert) Barr)). Pathogen affects all the above-ground organs of the
plant, which leads to yield loss by 20 - 60%, and in the epiphytoty years - 100%. The main cause of large yield losses from
disease is the absence of resistant varieties. The newly developed rice varieties quickly lose resistance to new races of the
pathogen, as the high variability of the M. grisea fungus constantly outstrips the evolution of the host plant. The combination
of several effective genes of resistance on the genetic base of the best and newly developed varieties is an effective breeding
strategy for resistance to highly competitive fungal pathogens. Application of modern biotechnological methods of DNA
marking facilitates breeding work in this direction and allows developing genetic sources with introgressed and pyramidal
genes of resistance to disease. The aim of our research is the development of methodological bases of marker-assisted rice
breeding for resistance to Magnaporthe grisea L. using PCR methods, as well as development of pathogen-resistant varieties
and breeding forms on the genetic basis of Russian varieties. Based on the use of marker-assisted selection technology (MAS -
breeding using DNA markers to the genes of interest), in 2007 we hybridized the lines of donors of genes for resistance to blast
with domestic varieties. As a result of hybridization of each combination, the F1 generation was obtained, which was used in
recurrent crosses with recipient parental forms (domestic rice varieties). In 2008, BC1 and BC2 generation were obtained in
artificial climate chambers. Beginning with the first recurrent crossing, marker control was carried out for the presence of
transferable donor alleles in the hybrid progeny. The plants were selected which, according to the results of DNA analysis,
carried the donor allele of the pathogen resistant gene. In 2009 BC3 and BC3F 1generation was obtained, individual selection
was carried out. The plants most closely resembling the morphotype of the recipient parental form and carrying, in addition,
the donor alleles of resistance genes to the pathogen in the homozygous state were selected. During the work with the help of
marker control of donor alleles, we obtained an extensive spectrum of hybrid plants with pyramidized genes of resistance to
blast Pi-2, Pi-b, Pi-ta, Pi-33, Pi-1, which in 2009-2015 passed complex evaluation in breeding, control nurseries and from 2015
to 2017. - in competitive variety testing. Simultaneously, these lines were evaluated for resistance to the pathogen on the
infectious background during artificial infection. Among the plants that, according to the results of the DNA analysis, had
target genes in the genotype, as well as during phytopathological evaluation for resistance to the pathogen, showed themselves
as resistant and medium-resistant, 5 lines were selected that combine early maturity, short stature, nonshattering and fertility of
the spikelet. The rice variety KP-30 (Antaris) with blast resistant gene Pi-ta is prepared for transfer to the state variety testing.
Thus, with the use of molecular marking methods, rice lines and varieties were obtained, in the genotype of which there are
effective genes for resistance to blast. Their introduction into production will allow avoiding the epiphytotic development of
the disease, preserve the biological yield of rice and obtain environmentally friendly agricultural products.
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CTpyKTypHBI€ 0CO0EHHOCTH IVIMKOMOJIMMEPOB MATPHKCA H OBEPXHOCTH KJIETOK OMOIIeHOk DakTepmii Azospirillum
halopraeferens Aud
"Epcturneesa C.C., 'Curuna E.H., '®enonenxo 0.I1.,*Konnosa C.A.

'MIHCTHTYT GHOXUMHH U (PH3MOJIOTUH PACTEHUH W MEKpOOpranu3MoB Poccuiickoil akanemun Hayk, Caparos, Poccns
*CapaToBCKHil HAMOHAIBHBIN HCCIIEN0BATENBCKHI TOCYIapPCTBEHHbIN yHuBepcuteT uM. H.I'. Uepnbimesckoro, Caparos,
Poccus
E-mail: Stels20295@yandex.ru
I'pamotpunarensubie OakTepun p. Azospirillum, otHocsimmecs: k rpynne PGPR, BcTymaioT B acconmarMBHBIE OTHOLICHUS C
LIMPOKUM CIIEKTPOM JMKOPACTYIMX W KYyJbTYPHBIX pacTeHHH. 3aceiss IOBEPXHOCTh KOPHEH, a30CHUpHILIBI 00pasyloT
OHMOIUIEHKH, KOTOPBIE SBISIOTCS] OAHOM M3 CTPATEerHii BEDKUBAHMS OaKTEPHi B ONpe/ieNieHHOH 3Koornueckoi aume. HecmoTps
Ha BOXHYIO POJIb MOJOOHBIX COOOIIECTB B JOPMUPOBAHUN PACTUTEIBLHO-MUKPOOHOH aCCOIHAIIMY, MAJIO BHUMAHUS yICISETCS
W3YYEHUIO CTPYKTYPHI MpPEoOTaJalonInX KOMIIOHEHTOB IOBEPXHOCTH KIIETOK OWOIUIEHOK M COCTaBa WX BHEKIETOYHOTO
noiumepHoro marpuxca (BIIM). B cBsi3u ¢ 3THUM II€BI0 MCCIIENOBAaHUA SIBISUIACH XapAKTEPUCTHKA IIMKAaHOB IOBEPXHOCTH
kierok u BIIM OunoruteHok ranoTonepanTHbIX Oakrepuit A. halopraeferens Au4. Jns nomydenus OGHOIUICHOK Ha rpaHuie ¢as
(OKUOKOCTB-BO3IyX» Oaktepuu A. halopraeferens Au4 KymbTUBHUPOBAIHN B KOJIOAX DplieHMeWepa C CEIIEKTUBHOMN MUTATEIIbHON
Cpeiodl B CTAalMOHApHBIX YCIOBHSAX. Ha msATble CYyTKM BBIpAIIMBAHUS a30CIHPHWILIBI OOpa30BBIBAIN 3peible OHMOIJICHKH,
uMmeromue TomuuHy 67.5 + 5.1 mxm. M3 GuoruieHok MATKoH Jerpananueii ynprpasBykoM Bouiensuin BIIM. Tlocne otnenenus
MarpuKkca M3 OaKkTepHalbHBIX KJIETOK AKCTPAarupoOBaJIM TOPSYMM BOIHBIM pacTBopoM (enona nunononucaxapuabl (JITIC-B).
Boixonet BIIM u JITIC-b coctaBumu 12.7 1 5.1% 0T Macchl BBICYIIIEHHBIX KJIETOK, COOTBETCTBEHHO. J{JIs1 BBIIETICHHS TIIMKaHOB
Marpukca npenapar BIIM moasepramm mportemHazHoW o00paboTke. [lomydeHHBIE TaKMM OOpa3oOM TIIMKOMOIMMEPHI, BBIXOI
koTopbIx coctaBmi 20% ot maccel BIIM, comepxanu xapakrepuctiueckue aist JIIIC kommoreHTs — yriieBonsl, B T.4. KJ1O, 3-
THJPOKCHIINPOBAHHBIC )KUPHBIE KUCIOTHI U (ocop, — MOITOMY B JajbHEHIIEM MBI paccMaTpuBainy ux kak JIIIC-M. Merogom
KX 6510 Mokazano, uro JIIIC-M u JITIC-Bb xapakTepu30BaIich CXOIHBIM MOHOCAXapHIHBIM COCTABOM, OJJHAKO OTIHYAIIUCH
ot obpasua JIIIC mraHKTOHHOM KyJBTYpHI J@HHOTO LITaMMa BO3pacTaHMEM COfiepKaHHs TIIFOKO3bl B 1.5-2 pasa. B xozme
Mmsirkoro kucnotaoro ruzpponuza JIIIC-M u JIIIC-b B cimyyae kaxmoro oOpasnia ObUIM TMOJNY4YEHBI JABE IOJHMCAaXapUIHBIE
¢dpakuun: O-cneruduyeckuit momucaxapua (OIIC) I u OIIC 11, koropsie uccaemoBain Mmetogom IMP cnekrpockonuu. OTIC 1
okazaicsi 6iu30K 1o crpykrype Kk kpaxmany. OIIC 11 umen cxonnoe crpoenue ¢ OIIC miankToHHOU (hOpMBI, OIHAKO 0ONaaan
MCHBIIEH CTENECHBIO ITIMKO3WINPOBAaHHUA. [IOMCK ONTHMAJIBHOTO COYETAaHHWS CTPYKTYphl M CBOWMCTB TJIMKOIOJIMMEPOB
moBepxHOCTH KieTok OmoruteHok m BIIM Oaktepuit A. halopraeferens Au4, BeposTHO, WUTpaeT KIIOYEBYIO POJb LIS

yCIemHoro (hOpMUpPOBAHUSI ACCOIMANNH C PACTEHHSAMH U €€ TTbHEHIIEro MOJTHOLEHHOTO CYIIECTBOBAHHSI.

Structural features of glycopolymers of the matrix and the cell surface of Azospirillum halopraeferens Au4 biofilms
'Yevstigneyeva S.S., 'Sigida E.N., 'Fedonenko Yu.P., '?Konnova S.A.
Institute of Biochemistry and Physiology of Plants and Microorganisms, The Russian Academy of Sciences, Saratov, Russia
*Chernyshevsky Saratov State University, Institute of Biochemistry and Physiology of Plants and Microorganisms, The
Russian Academy of Sciences, Saratov, Russia

Gram-negative bacteria of the genus Azospirillum belonging to the PGPR group enter into associative relations with a wide
spectrum of wild-growing and cultivated plants. During colonization of the root surface, azospirilla form biofilms, which are
one of the strategies for survival of bacteria in a certain ecological niche. Despite the important role of such communities in the
formation of plant-microbial association, low attention is paid to the study of the structure of the predominant components of
the cell surface of the biofilm and the composition of extracellular polymer matrix (EPM). In this connection, the purpose of
the study was to characterize the glycans of the cell surface and EPM biofilms of halotolerant bacteria 4. halopraeferens Au4.
To obtain biofilms at the air/liquid interface, 4. halopraeferens Au4 were cultured in Erlenmeyer flasks with a selective
nutrient medium under stationary conditions. On the fifth day of growing, the azospirilla formed mature biofilms having a
thickness of 67.5 + 5.1 pm. EPM was isolated with soft ultrasound degradation from the biofilm. After separation of the
matrix, lipopolysaccharide (LPS-B) was extracted from the bacterial cells with a hot aqueous solution of phenol. The yields of
EPM and LPS-B were 12.7 and 5.1% of dry cell weight, respectively. To isolate the glycans of the matrix, the EPM preparation
was subjected to a proteinase treatment. The glycopolymers, the yield of which was 20% of the EPM mass, contained the
characteristic components for LPS - carbohydrates, including KDO, 3-hydroxylated fatty acids and phosphorus, so we have
defined them as LPS-M. It was shown by GLC that LPS-M and LPS-B were characterized by a similar monosaccharide
composition, but differed from the LPS of the planktonic culture of this strain by an increase in the glucose content by a factor
of 1.5-2. During the mild acid hydrolysis of LPS-M and LPS-B in the case of each sample, two polysaccharide fractions were
obtained: O-specific polysaccharide (OPS) I and OPS II, which were further investigated by NMR spectroscopy. OPS I was
close in structure to starch. OPS II had a similar structure with an OPS planktonic form, but had a lower degree of
glycosylation. The search for an optimal combination of the structure and properties of glycopolymers of the cell surface of
biofilms and EPM of 4. halopraeferens Au4 bacteria is likely to play a key role in the successful formation of association with
plants and its continued full-fledged existence.
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Bimmsinne GuonpenapatoB Ha MUKPoOOLEeHO3 pu3ocdepbl IYMEHs 03UMOro
Eroruesa A.1O., Menbanuyk T.H.
denepanbpHOE TOCyIapCTBEHHOE OIODKETHOE YUpeKaeHHe Hayku «HayuHo-uccnenoBaTeIbCKuil MFHCTUTYT CelIbCKOro
xo3stictBa Kpeimay, Cumpeponons, Pecrybmmka Kpsiv, Pocenst
E-mail: eau82@mail.ru

B mHacrosmee BpeMs OCTpO CTOMT NpoOJieMa IIOBBIICHHWS HPOAYKTHBHOCTH CEIIbCKOXO3SIMCTBEHHBIX KYJIBTYp IIpH
MHUHHUMAaJIM3alUK YHEPro- U pecypco3arpar, a TakxkKe oxpaHe oKpykaromield cpensl. Cozfanue OuonpenaparoB KOMITJIEKCHOTO
JIEHCTBHS, OTHOBPEMEHHO BKIIIOYAIOIIMX CBOMCTBA CTHMYISITOPOB POCTa M (PyHTMIIMIOB, JIa€T BO3MOXKHOCTH pelIaTh MHOTHE
Mpo6IeMbl OMOJIOTHYECKOM 3allUThl PAacTEHU M MOBBIMIATh KAa4eCTBO KOHEYHOW MPOMYKIMH, B TO JK€ BpeMs, YIydmias
coctosinie nouB. Llenb paboThl 3akiiovanach B OLIEHKE BO3JICHCTBHS MPEIIIOCEBHOW 0OpaOOTKH CEeMSIH SUMEHST O3UMOTO
(Hordeum vulgare L.) xomruiekcoMm MuKpoOHBIX mpemnapatoB (KMII) Ha 4YHCIEHHOCTh ITOYBEHHBIX MHKPOOPTAaHH3MOB
pusochepsl. [ns aHamm3za MPOBOMMIM OTOOp ™TOUBEI puszocdepsl B (azy 1mBereHus. Omnpenensuii  KOIMYECTBO
KOJIOHNEOOpa3yIoiX EAWHUI] MHUKPOOPTaHM3MOB OCHOBHBIX JKOJIOTO-TPO(PHUUYECKUX TPYII, HCIIONb3YS OOIIECTIPUHSATHIC
MeToapl B MuKpoOmonormu. OOpabOTKy NONYy4YEHHBIX pPE3yJAbTaTOB MPOBOIMIM CTaTUCTUYECKUMH METOJaMH  C
UCIIONIb30BaHUEM KOMIIBbIOTEpHO# mporpammbl Excel 2016. MuxkpoOuonoruueckuid aHanu3 puzocdepbl IoKazal, dYTo
nHoKymsimsa cemsH KMIT cnocoOcTBoBana N3MEHEHHIO YHCIEHHOCTH MHKPOOPTaHM3MOB Pa3lIMUHBIX IKOJIOTO-TpOo(ruiyecKkux
rpyImi. YCTaHOBJICHA TCHACHIIMS YBEINYCHUS KOJHUCCTBA MeI0TPOGOB U OaKTeprii, TpAaHCPOPMUPYIOIIUX IPECUMYIIECTBEHHO
OopraHuyeckre U MUHepajbHble (JOPMBI a30Ta, 10]] BO3/ieiicTBIEM OuomnpernaparoB. Y1ciaeHHOCTh ouroTpooB Bo3pacrania mno
CpaBHEHHIO ¢ KoHTpoineM Ha 24 %. CBoOomHOXHMByIIME a30TGHUKCHpyIomune Oaktepun poma Azotobacter SBISIOTCS
OMOMHIMKATOpaMH 0OECTICYeHHOCTH MTOYB OPTaHWYECKUM BEIIECTBOM, a Takxke (ochopoM U KammeM. B yciaoBusx moieBoro
ompiTa 00mIas YHCICHHOCTh a’3pOOHBIX A30T(QHKCATOPOB M a30ToOaKTepa NpeBblaza KOHTpodb Ha 9 % n 11 %,
cooTBeTCTBeHHO. Ilox BO3JAEHCTBMEM WMHOKY/SIIMM OTMEUEHO YBEIMUYCHHWE KOJIMYecTBAa axkTWHoMmHuIeToB Ha 33 %,
I[EJLUTIOJIO30JIUTHKOB Ha 36 %, MPH 3TOM YHCICHHOCTh MHKPOMHUIIETOB CHUXKanach Ha 39 % B cpaBHEHUH ¢ KOHTpoieM (0e3
00paboTKN CeMSH KOMILJIEKCOM MHKPOOHBIX mpernaparoB). HampspkeHHOCTH MHHEpaIM3allMOHHBIX IPOLECCOB B pusocdepe
STYMEHSI He OTMEYCHO, TaK Kak KO3 PHIIMEHTH MUHEPATU3aI[UH, OJIMTOTPO(MHOCTH, OJUTOHUTPOPHIBHOCTH U EI0TPOGHOCTH
HE NPEBbIMIAIN €IUHUILIBI. I1o 6I/IOMCTpI/I‘ICCKI/IM JaHHBIM HaIIuX I/ICCJ'[CI[OBaHI/Iﬁ BBISABJICHO, YTO NPUMCHCHUE 6I/IOHpCHapaTOB
CHOCOOCTBOBAJIO JTyUIIEMY Pa3BUTHIO PACTEHHWH sTIMEHSI 03UMOro. BricoTa pactenmii yBennmumiack Ha 14,0 % B cpaBHeHHH ¢
KoHTposeM. TakuM 00pa3oM, B pe3ysbTaTe HaIINX MCCIECIOBAHUI YCTAHOBJIECHO MOJOKUTEIBHOE BIMSIHIE HHOKYISALUH CEMSH
STYMEHS 03UMOT'0 KOMIUIEKCOM MHUKPOOHBIX ITpenaparoB Ha pa3BUTHE PACTCHUH W MUKPOOOIIEHO3 pru3ocdepsl.

Influence of biopreparation on microbocenosis of the rhizosphere of winter barley
Egovtseva A.Yu., Melnichuk T.N.
Federal State Budget Scientific Institution “Research Institute of Agriculture of Crimea”, Simferopol, Russia

Currently, the challenge of increasing the productivity of agricultural crops, minimizing energy and resource costs, as well as
protecting environment is actual. Creation of complex biopreparations, including the properties of growth stimulants and
fungicides at the same time, makes it possible to solve many problems of biological plant protection and improve the quality of
final products and soil properties. The aim of the work was to assess the effect of presowing treatment of barley seeds
(Hordeum vulgare L.) with a complex of microbial preparations (CMP) on the number of soil microorganisms in the
rhizosphere. For the analysis, soil was taken from the rhizosphere during the flowering phase. The number of colony-forming
units of microorganisms of the main ecological-trophic groups was determined using generally accepted methods in
microbiology. The results were processed by statistical methods using the computer program Excel 2016. The microbiological
analysis of the rhizosphere showed that the inoculation of the seeds of CMP promoted a change in the number of
microorganisms of various ecological-trophic groups. The tendency to increase the amount of bacteria transforming mainly
organic and mineral forms of nitrogen, pedotrophs, under the influence of biopreparation has been established. The number of
oligotrophs increased in comparison with the control by 24%. Free-living nitrogen-fixing bacteria of the genus Azotobacter are
bioindicators of soil supply with organic matter, as well as phosphorus and potassium. Under field experiment conditions, the
total number of aerobic nitrogen fixators and Azotobacter exceeded the control by 9% and 11%, respectively. Under the
influence of inoculation, an increase in the number of actinomycetes by 33% and cellulozolytic agents by 36% was noted. The
amount of micromycetes decreased by 39% in comparison with the control (without seed treatment with a complex of
microbial preparations). The intensity of mineralization processes in the rhizosphere of barley was not noted, since the
coefficients of mineralization, oligotrophy, oligonitrophilicity and pedotrophy do not exceed unity. The use of biopreparations
contributed to the better development of barley plants of winter crops, which was revealed by the biometric data of our studies.
The height of plants increased by 14.0% in comparison with the control. Thus, as a result of our studies, the positive effect of
barley seeds inoculation with the complex of microbial preparations on the development of plants and the biocenosis of the
rhizosphere was established.
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BiMsiHue TeHOTHIIA ¥ COCTABA MUTATEIbHOI Cpeibl HA YKOPEHEHHe PO3bl 3(PUPOMACIMYHOI NPH MUKPOPAa3MHOKeHHH
in vitro
2Eroposa H.A.,’Crasuesa U.B.,'Murpodanosa U.B.
'®I'BYH «Opnena Tpynosoro Kpacroro 3namenn HukuTckuit GoTanudeckuii caq — HaruonansHb1i HaydHbIi menTp PAH»,
Snra, Poccus
2)OI'BYH «HUU cenbekoro xossiictBa Kpeimay, Cumdeponos, Poccust
E-mail: yegorova.na@mail.ru

OpHUM 13 Hanbosiee N3BECTHBIX APOMAaTHUECKUX PACTEHHH SIBJSIETCS po3a apupoMacinyHasi, IIPOAYKThI HepepabOTKH KOTOPOH
LIMPOKO HCIOJB3YIOTCS B Map(rOMEpHO-KOCMETHYECKONH W MUIIEBOH MPOMBIIUIEHHOCTH, a TaKkke B Meaulmue. Jlms
COBEPIICHCTBOBaHUS HE TOJIBKO TPAJUIMOHHBIX METOJOB CENIEKIMM M CEMEHOBOJCTBA, HO M OHMOTEXHOJIOTHYECKHX (B
JaCTHOCTH, 3MOPHOKYJIBTYPBI, CO3MaHHUA KOJUICKIMH i1 Vitro) HeoOXOmuMa ONTHMHU3AIMA OCHOBHBIX 3TAIlOB KJIOHAJIBHOTO
MHUKpOpa3MHOXeHHsA. llenpio naHHON pa®oTel OBUIO W3ydEHHE BIMSHHUS TE€HOTHIIA, COCTaBa INUTATEIBHOM Cpeapl M
JUINTEIBHOCTH KYJIBTUBHPOBAHUS Ha YKOPEHEHHE B Ipoliecce KIOHATBHOTO MHKPOPAa3MHOXKEHHS PO3bI d(HPOMACIUIHOHN in
vitro. B pabote OblIM McciieIoBaHbl OCHOBHBIE BhIpaniuBaeMble B KpsiMy copta po3sl adupomacinynoii — Panyra, Jlans, Jlana,
Muuypunka, OecTrBaibHast, MOMYYCHHBIC IPH yIacTHH BUIOB Rosa gallica L., R. damascena Mill., R. alba L. JIns BBeneHust
B ACENTHYECKYIO KYJIbTYPYy B KauecTBE 3KCIUIAaHTOB HCIIOIb30BaJI MEPUCTEMBI C OJJHOM Mapoi JimcToBbix npuMopaues (0,3-0,4
MM), BBbIJICNICHHBIC W3 Ia3yIIHBIX TOYEK pPAcTeHUi. Y OONBIIMHCTBA COPTOB HA |-M M 2-M 3Tamax MHKPOPa3MHOXKECHHUS
HaOMIoIalI pa3BUTHE OCHOBHOTO ro0era, a TakKe Ma3ylIHbIX W aJBEHTUBHBIX NMOYEK W 1o0OeroB. AHaiu3 MopdoreHesa
9KCIUTAaHTOB TIPH KJIOHAJIBHOM Pa3MHOXKCHHUH CBUAETEIHCTBYET O [EJIECO00Pa3HOCTH MPUMEHEHHS JJIs1 PA3MHOXKEHHSI PO3bI KaK
MHKPOITOOETOB ¢ YKOPOUEHHBIMH MEXKAOY3IHSIMU (MHUKPOPO3ETOK), TaK M MHUKPOYEPEHKOB U3 HOPMAJIBHO PA3BUTHIX IOOETOB,
YTO TTO3BOJISICT TOBBICHTH KO3()(HUIMEHT pasMHOKEHHS. YKOPEHEHHE MOOEroB NMPOBOAWIIN B YCIOBHSIX in Vitro, TIOMEIIast
CErMeHTHI CTeOJISI ¢ OAHUM y3JIOM Ha MomuduKanuy nutarenbHoi cpenst MC ¢ nobaenennem aykcnaoB (HYK, YK, UMK).
VYCTaHOBIIEHO, YTO MaKCHMalbHas 4YacTOTa PH30TreHe3a M KOJIMYeCTBO KopHei Obuto Ha cpeme 2MC c¢ 0,5 mr/m HYK.
HauGonpmas uacrora yxopenenus (100,0%) u umcno kopmeit (7,3-7,7 mrt./moGer) ormeueHsl y copToB Pamyra wu
®ectuBanbHasg. Y copra Jlaga BbIsSBICHa HaWMMEHbINAs 4actoTa pu3orene3a (85,7%), a y ‘Jlann’ — MUHUMAIBbHOE YHCIIO
KopHeit (4,9 wir./noder). [Ipu uccnenoBaHny BIUSHUS Naccaka HA YKOPEHEHNE MUKPOIOOETOB PO3bl in Vitro ObLIO MMOKa3aHo,
910 y copra Pamyra mpu mCIOIp30BaHUM MHKPOUYEPEHKOB, MOJTYYEHHBIX BO 2, 6, 9-M maccakax, He OBUIO JOCTOBEPHBIX
pa3IHYmii IO YacTOTe YKOPEHEHHs U YHCITy KopHeil. B To ke BpeMs y ‘MudypHHKH’ TI0 Mepe YBEINYEeHHUS Haccaka HaOIroaamm
JIOCTOBEpHOE TOBBIIIEHNE YacTOTHl PU30TCHE3a W KOJIMYECTBA KOpHEH Ha AKCIUIAaHT. PaboTa BBINONHEHA TIPH TIOJUIEPKKE
Poccwuiickoro HayqHOTO (poHIa, TpanT Ne 14-50-00079.

Influence of genotype and culture medium composition on the rooting of essential oil rose during micropropagation in
vitro
?Yegorova N.A.,*Stavtseva 1.V.,'Mitrofanova 1.V.
'FSFIS “The Labour Red Banner Order Nikita Botanical Gardens — National Scientific Center of RAS”, Yalta, Russia
FSFIS “Research Institute of Agriculture of Crimea”, Simferopol, Russia

?Federal State Budget Scientific Institution “Research Institute of Agriculture of Crimea”, Simferopol, Russia
Essential oil rose is one of the world’s best known aromatic plants. Its products are widely used in the perfumery, cosmetics
and food industry, as well as in medicine. To improve not only traditional methods of breeding and seed production, but also
biotechnological ones (in particular, embryoculture, creation of collections in vitro), optimization of the main stages of clonal
micropropagation is necessary. The purpose of this work was to study the influence of genotype, culture medium composition
and duration of cultivation on rooting in the process of clonal micropropagation of essential oil rose in vitro. In this work we
studied the main rose essential oil cultivars grown in the Crimea — Raduga, Lany, Lada, Michurinka, Festivalnaya, obtained
with the participation of species Rosa gallica L., R. damascena Mill., R. alba L. To introduce into the aseptic culture,
meristems with one pair of leaf primordia (0.3-0.4 mm) isolated from axillary buds of plants were used as explants. In most
cultivars, the development of main shoot, as well as axillary and adventitious buds and shoots, were observed at the 1st and
2nd stages of micropropagation. Analysis of the explant morphogenesis during clonal micropropagation shows the expediency
of using for rose multiplication both microshoots with shortened internodes (micro sockets of leaves) and microcuttings from
normally developed shoots, which makes it possible to increase the multiplication index. Rooting of the shoots was carried out
in vitro, placing segments of the stem with one node on the modified MS nutrient medium with the addition of auxins (NAA,
IAA, IBA). It was found that the maximum frequency of rhizogenesis and the number of roots was using medium 2MS with
0.5 mg L' NAA. The highest frequency of rooting (100.0%) and the number of roots (7.3-7.7 pcs /shoot) were observed for
Raduga and Festivalnaya cultivars. ‘Lada’ had the lowest frequency of rhizogenesis (85.7%), while ‘Lany’ had the lowest
number of roots (4.9 pcs / shoot). When studying the influence of the passage on the rooting of rose microshoots in vitro, it was
shown that for Raduga cultivar, when using microcutting obtained in the 2nd, 6th, and 9th passages, there were no significant
differences in the frequency of rooting and the number of roots. At the same time, as the passage increased, a significant
growth in the frequency of rhizogenesis and the number of roots on the explant was observed for ‘Michurinka’. This study was
funded by a research grant Ne 14-50-00079 of the Russian Science Foundation.
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'Epuna H.B., 'Konresa T.C., *Kosanesa U.A.
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Odmtocgepa 3TO MOBEPXHOCTH PACTCHUH, KOHTAKTHPYIOIINE C BO3ILYyXOM — BaKHASI U BE3[eCyIlas cpea OONTaHus OaKTepHil.
Bakrepun, accoruupoBaHHBIE C JIMCTHSIMU, MIPECTABICHBI IUPOKO PACTIPOCTPAHEHHBIMU U IPEBHUMH CHUMOHNO03aMH, KOTOPBIC
(YHKIMOHUPYIOT W BIUSIOT HAa POCT PACTEHUA-XO3fMHA MHOTUMH TYTSAMH, BKIIOYas BBIPAOOTKY IHUTATEIBHBIX
POCTOCTUMYJIMPYIOIIAX BEIIECTB M TOPMOHOB M 3alllUTy PACTCHUN OT pa3NiuuHblid WH(ekimid. Ha coctaB smudutHOM
MUKPOGIIOPHl OKa3bIBACT BIMSHHEC MHKpPOQIOpa MOYBHEI (OCOOCHHO Yy MOJIOABIX PACTCHHH), TaK Kak IIPH IPOPACTaHHUU
0OaKkTepuH, MUKPOCKOIINYECKUE TPHOBI, APOXIKHM HEU30EKHO IOMAal0T Ha Monojple noderu. KonnuecTBo MUKPOOPraHM3MOB,
OOHapyKUBAaeMbIX Ha MOBEPXHOCTH JIMCTHEB, HHOTIA MOXKET AOCTHrath 10° KIEeTOK Ha IpaMM CBEXHUX JUCTheB, win 10° Ha 1
CM?, 4TO BIOJHE CONOCTABUMO C YHCIECHHOCTHI0O MEKPOOPTaHM3MOB B TPAaMME MOYBBL. Ha MOBEPXHOCTH KOPHEBOM CHCTEMBI M
Ha3eMHBIX YacTe PAacTeHHWH BO BPEMS HMX XH3HH, BBIICIIIOTCS Pa3lNYHBIE OPraHMYECKHE COCTMHEHHUS, CHHTE3HPOBAHHBIC
pacTUTENFHBIM OpraHu3MoM. Llens paboTHI ABIIETCS ONpeesieHIe BHIOBOTO COCTaBa SIU(PUTHON MUKPOMIOPH! (PHILTOC(EpHI
(GakTepwuii, qPoOKEH U IPOXIKEIOJOOHBIX OPTaHN3MOB, MHKPOCKOIIMYECKUX TPHOOB), BEISIBICHHE KOJTHYECTBEHHON THHAMUKHU
U OIpeCTICHUE XapaKTepa B3aUMOOTHOIICHUH HEKOTOPBIX IpeacTaBuTeNieii MUKpodIopel. B kauecTBe MOJEIBHBIX PaCTCHHUN
ObUTH BEIOpaHBI pacTeHus cemeiictBa Grossulariaceae (Ribes niveus, R. nigrum, R. rubrum, Grossularia sp.). B xome
MIPOBEACHHOT0 3KCIEPUMEHTA JUIsl BBIIEJICHUS MHUKPOOPraHM3MOB C IOBEPXHOCTEH pAaCTeHWil MPUMEHSUIM METO]| OTIevaTKa
JIMCTOBOM IUIACTUHKH C IPUMEHEHHEM CTaHAApTHBIX NMUTATEIbHBIX cpen. [ ycTaHOBIEHMs XapakTepa B3aUMOOTHOLICHUI
MEXXIy BBIJECICHHBIMH IITAMMaMHA MHKPOOPTaHU3MOB ITOJIE30BAJIIICH METOIOM OJIOYKOB M MEPHEHIUKYIAPHBIX IITPUXOB. s
OTIpeNeNIeHUs] POCTOCTUMYIIMPYIOIINX CBOMCTB B Ka4eCTBE MOICIBHOTO OOBEKTa HCIOIB30BAIM CEMEHa IIMICHUIB. B
pe3yibTaTte TMPOBEASHHOW paboOTHl OBUIM ONpeNeNieHbl THIMYHBIC NPEACTaBUTEIN SHU(PHUTHOW HOPMOQIOPHl pacTeHU
cemeiictBa Grossulariaceae. CoctaB MHKPO(]IOPH pacTeHUH, OTHOCANIMXCS K pa3HBIM BHAAM, B IEJIOM IMPeICTaBICH
CXOIHBIMH TPEJCTABUTEIIIMHU, TMPH 3TOM BBIABICHBI OTJIMYUS HMX KOJIMYECTBEHHOrO cOCTaBa. l3yueHuwe Xapakrepa HX
B3aMMOOTHOIIICHUH IMO3BOJIMIO BBISBUTH BHJIBI, IPOSBISIOMNC (DYHTHUIIMIHBIC CBOMCTBA, HEKOTOPHIC IITAMMBI MPOSBISIIA
POCTOCTUMYJIMPYIOIIAE CBOWCTBA. B pe3yiabrare mNpoBeAeHHOW pabOThI MPOBEACH aHAJIW3 COCTaBa OaKTepUATIbLHOU
MHUKPO]IIOpBI, NPOSBIIIONIEH (YHTHUIMAHBIE CBOMCTBA U UX KOPPEISIIMIO C COCTAaBOM MHKPOCKOIMUYECHX TPHOOB — SIU(PHUTOB
U JPOXKEN.

Microbiocenosis of phyllosphere of some cultivated plants of Grossulariaceae family
'"Erina N.V., 'Kopteva T.S., *’Kovaleva L.A.
'Stavropol state medical university, Stavropol, Russia
’North-Caucasus federal university, Stavropol, Russia

Phyllosphere is the surfaces of plants contacting with air — an important and ubiquitous environment of bacteria. Bacteria
associated with leaves are represented by widespread and very old symbioses that function and influence the growth of a host
plant in many ways, including generating nutritive growth stimulative materials and hormones and protection of plants from
different infections. Composition of epiphytic microflora is influenced by soil microflora (especially in young plants), as
during the germination bacteria, microscopic fungi, yeasts inevitably get on the young shoots. The number of microorganisms
found on the surface of the leaves can sometimes reach 10® cells for one gram of fresh leaves, or 10° for 1 cm?, which is quite
comparable with the quantity of microorganisms in a gram of soil. Different organic compounds, synthesized by a vegetative
organism, are educed on the surface of root system and aboveground parts of plants during their lifetime. The purpose of the
work is determination of species composition of epiphytic microflora of phyllosphere (bacteria, yeasts and yeastlike organisms,
microscopic fungi), revelation of quantitative dynamics and determination of type of mutual relations of some representatives
of microflora. Plants of Grossulariaceae family (Ribes niveus, R. nigrum, R. rubrum, Grossularia sp.) were chosen as model
plants. In the course of the performed experiment the method of lamina imprint with the use of standard nutrient media was
implemented for separation of microorganisms from plant surfaces. To ascertain the type of mutual relations between isolated
cultures of microorganisms agar block and perpendicular lines method was used. To determine growth stimulative properties
wheat seeds were used as a model object. As a result of the work that was carried out, typical representatives of epiphytic
normal flora of plants of Grossulariaceae family were determined. The composition of microflora of plants belonging to
different species is in general embodied in similar representatives, meanwhile differences of their quantitative composition are
identified. Study of type of their mutual relations made it possible to determine species showing fungicidal properties, some
cultures showed growth stimulative properties. As a result of the performed work analysis of composition of bacterial
microflora showing fungicidal properties and their correlation with composition of microscopic fungi — epiphytes and yeasts
was done.
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EsxeromHble moTepu NPOAYKIHMH PACTEHHUEBOJCTBA OT BPEOHBIX OpPraHM3MOB MoryT pocturarbk 30-50%, mostomy 3ammte
CENTLCKOXO3SIMCTBEHHBIX KYNBTYp NMpUAaeTcs Oonbinoe 3HayeHHe. Cpely MUKPOOMONOTHUECKMX CPEICTB 3aIUTHl PACTEHHUH
JUJIEPCTBO NMPUHAUISKUT MpernaparaM, CO3JaHHBIM Ha OCHOBE pPas3HBIX MOABWIOB SHTOMOIIATOreHHOW Oakrepuu Bacillus
thuringiensis (Bt). IlepcrieKTUBHOCTh M IHPOKOE MCIOIB30BAHUE TIPENapaToB Ha OCHOBE Bt cBs3aHBI ¢ 0€30MACHOCTHIO IS
HElIeNeBbIX OOBEKTOB U B, IIEPBYIO OYepe/ib, IJIS YEIOBEKa U TEIIOKPOBHBIX KUBOTHBIX. B ®I'BHY BHUMNCXM pa3paboran
SHTOMOIMIHBIA TTpenapar IHPOKOro CIIEKTpa JeHCTBHA «BHTOKC» Ha OCHOBE NMPUOPHTETHOTO MTaMMa B. thuringiensis var.
thuringiensis Ne800/15 (marent P® Ne2514211 ot 27.04.2014). Ilpemapar mpencraBisieT co00il KHUIKOCTB, JIETKO
pas3baBisieMyro BOZOW /10 HEOOXOmUMOW paboueil KOHIEHTPALWH, YJOOHOH Il NPUMEHEHHS CepHMHHON ONpPBICKUBAIOIICH
anmaparypsl. bruonormueckas akTHBHOCTb Hpemapara, NMpou3BeJeHHOro Ha 0Oaze ¢mmana «3xocy OI'BHY BHUUCXM,
XapaKTepu3yeTcs CIEAYIOIMMH napamerpamu: THTp 3,5-3,6 + 0,1 mapa. KOE/mi; conepikaHue 9K30TOKCHHA, BEIPaXKEHHOE B
JIK50 (xoHumeHTpauus mpernapara, BbI3biBaromas riubens 50% ocobeil coorBercTBytomero Buaa), 3,1-3,2 + 0,1 Mxin/r kopma
IUTsL JIMYMHOK BTOPOTO BO3pacTa KOMHATHOW myxu (Musca domestica Linn.); 0,24+0,02% KyJabTypanabHON KHUIKOCTH IJIS
JMYMHOK BTOPOTO BO3pacTa Kolopajckoro xyka (Leptinotarsa decemlineata Say.), MOTy4eHHBIX W3 TPUPOJHON MOMYIISIIUHN.
IToneBsle mcmbITanus mpemnapara «BHTOKC» NPOTHB KOMOPAACKOro XKyKa, HMPOBEICHHBIE Ha Kaprodene, Mokazamm, 4YTO
IIPUMEHEHHE TIperapaTa Mo3BOJSIET yBENWINTh ypokaiHocTh Ha 11,0-11,7% B Jlemnnrpanckoit obmactu u Ha 13,7-14,1% B
KpacHomapckom kpae. Vcnibitanus npotuB nayruHHOTO Kiemla (Tetranichus urtica L.) mokazamu 3p(eKTHBHOCTH B MOJNEBBIX
ycnoBusx Ha coe — 96,0%, B 3amuiieHHoM IpyHTe Ha orypuax — 98,4%; nporus Oenokpsuiku (Trialeurodes vaporariorum
West.) — 100% (KpacHomapckwmii kpail); mpoTuB KarmyctHoW momm (Plutella xylostella 1..) n xamyctHou Oensuku (Pieris
brassica L.) Ha kamycre 3¢ ¢exTuBHOCTh «butokca» coctaBmina 80,0-95,6%. B menom, mpoBeleHHbIE HAMU HCCICIOBAHUS
MTOKa3ady BBICOKYIO AHTOMOLMIHYIO aKTUBHOCTh «BHTOKCa» MNPOTHB MIMPOKOrO Kpyra BpeOuTeNed, He YCTYMaIoIIyIo
XUMHUYECKHM JTajloHaM. B cBsf3u c Bo3pacTaromeil moTpeOHOCTBIO B AKOJOTHUECKHM YHCTON MNPOAYKIMH, pPaCIIUpEHUE
ACCOPTUMEHTa OHONIOTHYECKUX WHCEKTHIMAOB SIBISIETCS BEChbMa aKTyalbHBIM, TaK KaK NPHMEHEHHE 3THX IIPENapaTroB
CHOCOOCTBYET CyLIECTBCHHOMY CHIDKCHHUIO NMECTHIMIHON HAarpy3KW Ha OKpPY’KaloLIylo cpexy. Pabora BhIIONHEHA B paMKax
l'ocynmapcreennoro 3aganus (mmdp temsr 0664-2018-0021).

Entomopathogenic microbiological insecticide «Bitoks» for the control of phytophagous pests
Ermolova V.P., Grishechkina S.D., Yakhno V.V., Antonets K.S., Nizhnikov A.A.
Federal State Budget Scientific Institution "All-Russia Research Institute for Agricultural Microbiology", St. Petersburg,
Russia

The annual loss of crop production from pests can reach 30-50%. Thus, the protection of crops is of great importance. The
biological insecticides based on different subspecies of the entomopathogenic bacterium Bacillus thuringiensis (Bt) are most
commonly used biological agents for protection of plants. The prospects and wide use of Bt-based insecticides are associated
with safety for non-target species, primarily, for humans and warm-blooded animals. The biological insecticide of a broad
spectrum of action "Bitoks" based on the strain of B. thuringiensis var. thuringiensis Ne800/15 has been developed at ARRIAM
(Patent of the Russian Federation No. 2514211 dated April 27, 2014). “Bitoks” represents a liquid that is easily diluted with
water to the required working concentration, convenient for the use of serial spraying equipment. The biological activity of
“Bitoks” produced at “Ecos” branch of ARRIAM was characterized by the following parameters: a titer was 3.5-3.6 + 0.1
billion CFU / ml; exotoxin content expressed in LC50 (50% lethality of individuals of target species) was 3.1-3.2+ 0.1 pl/ g of
feed for the second-stage larvae of the house fly (Musca domestica Linn.); 0.24 £ 0.02% of the culture fluid for the second-
stage larvae of the Colorado beetle (Leptinotarsa decemlineata Say.) obtained from the natural population. Field tests of the
“Bitoks” insecticide against the Colorado beetle conducted on potatoes showed that the use of this insecticide makes it possible
to increase the productivity of land by 11.0-11.7% in the Leningrad Region and by 13.7-14.1% in the Krasnodar Territory. The
tests of the “Bitoks” against the spiderweb mite (Tetranichus urtica L.) and whitefly (Trialeurodes vaporariorum West.)
showed efficacy against the spiderweb mite for soybeans grown in the field of 96.0%, for cucumbers grown in the sheltered
ground of 98.4%, while the efficiency against white flies was 100% (Krasnodar region). The efficiency of “Bitoks” against the
cabbage moths (Plutella xylostella L.) and the cabbage whiting (Pieris brassica L.) for cabbage was 80.0-95.6%. Overall, our
study demonstrated high entomocidal activity of “Bitoks" against a wide range of pests, which was not inferior to chemical
standards. Regarding the growing demand for environmentally friendly products, the expansion of the range of biological
insecticides is very relevant, especially considering the use of these drugs provides a significant reduction in the environmental
pollution by pesticides. The work was supported by the Budget project (0664-2018-0021).
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VIHTEeHCHBHBIE arpOTEXHOJIOTHH, HE YYWTHIBAIOIIME IPUOPHUTET E€CTECTBEHHBIX IPOLECCOB B MHUKPOOHO-PACTUTENBHBIX
6uocucteMax, INpHBENM K JucOalaHCy YIVIEPOAHBIX TIpolleccoB B 3emienenuu. HeorpaHuueHHoe pacxofoBaHHE
SHEPreTHUECKUX W MHUTATeIbHBIX PECYpCOB II0YB BBIHY)KAAET IIPOBOAUTH BOCCTAHOBICHHE WX arpOXMMHUYECKHX U
arpo(pu3UUeCKNX CBOMCTB M MOAICPKKH OHOJIOTHYECKOrO Pa3HOOOpasns MOYBEHHOW OWMOTHL. B ciiokmBIIeics KpUTHYIECKON
CHUTyallid BO3pAacTaeT pOJb OWOIpenaparoB, HAMPABICHHBIX HAa MHKPOOHOJIOIMYECKYI0 TI'yMH(UKAIUIO pPacTUTEIbHBIX
ocraTkoB. DyHIaMEeHTaIBFHOH OCOOCHHOCTHIO HCIIOJB30BAHUS OHMONpPENaparoB SIBISCTCS TOAAEPXKKAa B MHKpPOOHO-
PacTHTENBHON CHCTEME YHUKAIbHOW CIOCOOHOCTH K CaMOPETYINPOBAHUIO M CAMOBOCCTAHOBIICHHUIO (DYHKIIMH B OKPY’KarOIIeH
cpene. Vcnonp3oBaHue OwomnpenaparToB MpeanojiaraeT WX TapMOHUYHYIO WHTETPAlMI0 B COBPEMEHHBIC JKOJOTHUECKHE
arpoTEeXHOJOTUH: OpraHMYeCKHEe W MHHEpalbHble YJOOpEHHs, CeBOOOOpOT, OWOJOTMYECKHH a30T, (HUTO-3AIUTHBIE U
CTUMyJIHpytone Meponpusatus, No-till kymsTuBupoBanue mouB. Llenbio 3TOM pabOTHI OBUIO CO3MAHUE TEXHOJIOTHU
MIPOM3BOJICTBA, MacCIITAOMpOBaHWe 00BEMOB U YCIIOBHUI IPUMEHEHUs] MUKpoMHULeT-0akTepuanbHoro npernapara MUKOBAKT,
MpeJHa3HAYeHHOTO Uil TyMUpuKanuu pactuTenbHbIX octatkoB. MUKOBAKT ceprudumupoBan B PO®. MUKOBAKT
COAEPXKHUT KOMIUIEKC OaKTepHadbHBIX M TPHOHBIX MNPOAYLEHTOB AN TpaHC(HOPMAIMM JIMTHOLEIUTIONO3BI PACTHTENBHBIX
ocraTkoB 110 rymycoBbIx ¢popm. MUKOBAKT mnpumensiercst B Poccun, Yipanne, Kazaxcrane, Hamuoun, I'epmannu u Jlntse.
Ucnbitanns MUKOBAKT moxazanu, 9To OH yiydinaeT (DUTONATOTEHHOE COCTOSHHE II0YB, IPHUBJIEKAas I1aTOTEHHYIO
MHUKpOdIIOpy K MONE3HON JAeCTPYKTHBHOM AestenbHocTH. CpaBHuTEnbHO HU3Kast croumocts MMKOBAKTa obecrnieunBana ero
BBICOKYIO KOHKYPEHTOCIIOCOOHOCTh Ha PhIHKE aHAJOTUYHBIX OHojornuyeckux npenaparos: CrepHudar, DKcTpaco