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A b s t r a c t   
 

According to official statistics, about 130 million tons of cereals are produced annually in 

Russia. In the Unified List of quarantine objects of the Eurasian Economic Union is the causative 

agent of wheat yellow mucous bacteriosis Rathayibacter tritici. This species is subject to detection during 

import and, if the importer requires, during export of wheat. Due to the need for regulation, there is 

a diagnostic method for Rathayibacter tritici in quarantine phytosanitary laboratories. For other path-

ogens of bacteriosis in grain crops, such as Rathayibacter rathayi, Pseudomonas fuscovaginae, Pseudo-

monas cichorii, Pseudomonas fluorescens, Pseudomonas syringae, Acidovorax avenae, Erwinia rhapontici, 

Xanthomonas translucens, Clavibacter tessellarius, etc., there are no diagnostic methods, due to which 

no detections have been recorded in the practice of diagnostic phytosanitary laboratories. The listed 

types are regulated by importing countries that purchase more than half of all grain products intended 

for export in Russia. Bacterioses pose a serious threat to grain production, and the possible damage 

they cause to the crop is estimated at 10-40 %. The bacteria can cause disease outbreaks or be latent 

in plants depending on environmental conditions and almost never cause symptoms on grain. In this 

regard, it is possible to detect causative agents of bacteriosis only in the laboratory using the method 

of inoculation on nutrient media, which often takes a week or more. Reliable identification of each 

type of bacteria is possible only with the use of molecular methods. It is required to develop PCR tests 

that allow the identification of target bacteria directly in samples without using the cultural method, 

which will significantly simplify and speed up the procedure for confirming the compliance of the state 

of Russian grain batches with the requirements of importers. The development of molecular methods 

for diagnosing causative agents of bacterioses in grain crops is possible only after studying their species 

composition in plants and grain, while the diversity of living bacteria in vegetative plants is significantly 

higher than in grain. Information on the species composition of bacteria on grain crops will make it 

possible, using genomic analysis, to detect species-specific PCR targets and develop diagnostic PCR 

tests for the rapid identification of bacterial species that are especially dangerous and important for 

grain export. Previously, a large-scale study of the bacterial composition in grain crops was not carried 

out, and therefore, there is no list of bacteria that can be found together in one sample. There is also 

no complete list of all bacteria that can be found in cereals. At the same time, for bioinformatic 

prediction of a species-specific PCR target, it is necessary to know all the species that can be found in 

the analyzed sample, from which the target species should be distinguished. The composition of the 

bacterial microbiota may differ depending on the crop and variety, so the maximum diversity of dif-

ferent crops and varieties will provide more complete information. Humid and moderately warm sum-

mer conditions in the Central region are ideal for the development of bacteriosis. In connection with 

the foregoing, sampling was carried out on the territory of the Timiryazevskaya field experimental 

station (Moscow), where hybridization, selection and variety testing of several hundred varieties of 
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grain crops are carried out annually. The work is devoted to the detection and identification of bacteria 

in samples of grain crops of the Timiryazevskaya field experimental station (Moscow). The objects 

of the study were bacterial isolates from grain samples in 2020. Bacteria were identified by sequenc-

ing the amplicons obtained by PCR with primer pairs PSF/PSR, SyD1/SyD2, and 8UA/519B and 

comparing the resulting sequences using the BLAST service with sequences posted in GenBank 

(https://blast.ncbi.nlm. nih.gov). As a result, 55 samples of grain crops were collected, 171 bacterial 

isolates were isolated and identified, including 34 isolates identified to species. Bacterial diversity is 

represented by 14 species. Among them, there are phytopathogens Pantoea ananatis, Clavibacter mich-

iganensis, Rhodococcus fascians, Pseudomonas trivialis, Pseudomonas viridiflava and Pseudomonas syrin-

gae. The highest frequency of occurrence, 70.9 %, was noted in species belonging to the genus Pseu-

domonas. Representatives of the genera Frigoribacterium (36.4 %), Clavibacter (16.4 %), Arthrobacter 

(12.7 %) and Rhodococcus (10.9%) also have a high frequency of occurrence. The results of the study 

can be used in the development of fast and reliable methods for diagnosing especially dangerous and 

important bacterial species for grain export. In addition, during the study, bacteria were isolated that 

belong to certain genera, but do not belong to any of the known species, which makes them promising 

for further study to describe new species in the microbiota of grain crops.  
 

Keywords: diagnostics of phytopathogens, grain crops, bacterioses, PCR, sequencing 
 

According to information provided by the Federal State Statistics Ser-

vice (https://rosstat.gov.ru/), winter and spring grain crops (wheat, rye, barley, 

triticale, and oats) are grown annually in Russia on an area of more than 41 

million hectares, and the gross harvest of products is about 130 million tons. 

According to the Customs Statistics of Foreign Trade of the Russian Federation 

(http://stat.customs.ru/), the Russian Federation annually exports more than 

39.5 million tons of grain (analysis for the period from 2019 to 2021). 

Plant diseases caused by bacterial pathogens significantly limit crop pro-

duction and cause significant annual losses globally [1-3]. Bacterioses of cereals 

pose a serious economic threat, since, according to various estimates, they can 

reduce yields by 10-40% depending on environmental conditions and the stage 

of plant ontogenesis in which the infection occurred [4, 5]. The problem requires 

systemic control of the spread of bacterial infections [1, 6]. In accordance with 

the Decision of the Council of the Eurasian Economic Commission No. 157 

dated November 30, 2016 (as amended by the decisions of the Council of the 

Eurasian Economic Commission No. 31 dated 03.29.2019, No. 74 dated 

08.08.2019, No. 54 dated 05.18.2021, No. 98 dated 05.10.2021, and No. 109 dated 

07.15.2022), only the causative agent of wheat yellow mucous bacteriosis Rathayi-
bacter tritici, is regulated on grain crops, namely on regulated products under HS 

codes 1001 and 1008600000 (https://www.alta.ru/tamdoc/16sr0157/). The specified 

species is subject to identification during import and, subject to the requirements 

of the importer, during export of wheat. Due to the need for regulation, a diag-

nostic technique for Rathayibacter tritici has been developed and used in quar-

antine phytosanitary laboratories in the Russian Federation. In quarantine phy-

tosanitary laboratories, there are no methods to identify other dangerous plant 

pathogenic bacteria, e.g., the causative agents of bacteriosis of grain crops 

Rathayibacter rathayi, Pseudomonas fuscovaginae, Pseudomonas cichorii, Pseudo-
monas fluorescens, Pseudomonas syringae, Acidovorax avenae, Erwinia rhapontici, 
Xanthomonas translucens and Clavibacter tessellarius. According to the Federal Ser-

vice for Veterinary and Phytosanitary Surveillance (https://fsvps.gov.ru/ru) and the 

European and Mediterranean Plant Protection Organization (https://gd.eppo.int/), 

the listed species are regulated in grain products by the phytosanitary require-

ments of a number of countries, including those importing Russian grain. One 

or more of these bacteria species is regulated in Egypt, Jordan, Turkey, Morocco, 

Tunisia, Nigeria, Pakistan, Cameroon, Taiwan, Serbia, South Africa, Brazil, Is-

rael, Colombia and Mexico, the countries that, according to External Customs 

Statistics trade of the Russian Federation, purchase in Russia more than half of 

all grain products intended for export. 
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Bacteria that colonize plant vascular tissue [7], cannot be controlled un-

der field conditions. Often, infected plants produce grain which is a source of 

infection [3, 4, 8]. Plant pathogenic bacteria can survive for a long time in plants 

and seeds without showing symptoms [9, 10]. Among the causative agents of 

bacteriosis of grain crops, Erwinia rhapontici can cause characteristic symptoms 

(pink pigmentation) on seeds [11, 12]. For most bacterioses of grain crops, char-

acteristic symptoms are various stripes, streaks and constrictions on the leaves, 

burns, yellowing, watery spots or necrosis, depending on the stage of the disease. 

It is noted that the ears, including seeds and glumes, are usually asymptomatic, 

but can still harbor infection and be a source of infection [13]. The most effective 

way to prevent the spread of seed-borne diseases is early laboratory diagnosis 

[14]. Thereof, both fundamental and practical research require reliable, unified 

and highly sensitive methods for identification of pathogens to differentiate these 

species despite the diversity of plant microbiota. For example, this is important 

in studies of plant-pathogen interaction, acquisition of plant resistance, the 

plant-pathogen system ecology [15, 16], as well as in breeding varieties for dis-

ease resistance, biotechnologies of infection-free cell and tissues cultures, phy-

tosanitary monitoring, export and import quarantine control [16-18]  

The fastest and most reliable approach to diagnosing plant pathogens is 

the use of species-specific PCR tests [19]. To predict the PCR target using bio-

informatics methods and validate the resulting primers, information about the 

species composition of the microbiota of the object is required. It is important 

to have the most complete collections of both target bacterial isolates and pos-

sible accompanying microbiota from which the test must differentiate the target 

regulated species. However, systematic and large-scale screening of grain crops 

for the presence of bacterial phytopathogens significant for export has not yet 

been carried out in the Russian Federation. 

The climatic conditions of Moscow are characterized by high humidity 

[20] and can promote the growth of bacteria inside and on the surface of the 

plant, which increases the likelihood of their detection. In this work, in samples 

of grain crop varieties collected from testing sites and hybridization plots at the 

Moscow field experimental station of the Timiryazev Russian State Agrarian 

University, along with bacteria exhibiting economically useful and neutral prop-

erties, we have identified for the first time the plant pathogens Pantoea ananatis, 
Clavibacter michiganensis, Rhodococcus fascians, Pseudomonas trivialis, Pseudo-
monas viridiflava and Pseudomonas syringae. 

Our goal was to collect and identify bacterial isolates in samples collected 

at the Timiryazevskaya field experimental station to form a collection of patho-

genic and non-pathogenic microbiota of grain crops. 

Materials am methods. Samples (one sample for one variety) of wheat, 

triticale and rye plants were collected on May 13, 2020 at the variety testing sites 

and hybridization plots (the field experimental station of the Timiryazev Russian 

State Agrarian University, 2020-2021). The sample of winter crops consisted of 

5-15 plant stems cut at the first internode; the sample of spring crops consisted 

of 15 seedlings. If symptoms were present, both symptomatic plants and healthy 

vegetative material were selected. 

Individual analytical samples were prepared as previously described 

[21]. Collected plant material stored at 4 С in the dark was used within 1 

week after collection. Plant tissue (5-10 g) crushed using sterilized scissors was 

added with 20 ml of phosphate-buffered saline (per 1 liter of distilled water, 

2.9 g Na2HPO4Ł12Н2О, 0.2 g KH2PO4Ł2H2O, 8 g NaCl and 0.2 g KCl; pH 

7.0-7.2) and left on the shaker for 1 hour at 200 rpm. Then the liquid part was 

passed through filters with a pore size of 3-5 μm and centrifuged for 10 minutes 
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at 10,000 g and 4 С. The supernatant was removed, and the pellet was sus-

pended in 1 ml of phosphate-buffered saline. 

Bacteria were isolated on CRL medium [21] by plating 20 μl analytical 

aliquot onto three Petri dishes according to the Drigalski method. After 5-7 days, 

individual colonies were subcultured onto CRL medium using a sterile bacteri-

ological loop. The entire morphotypical diversity of colonies grown on the plates 

was collected. Small fragment of individual colony from each pure culture taken 

with a sterile bacteriological loop was suspended in 200 μl of distilled water. 

Suspensions were used for DNA extraction using a commercial Proba-

GS kit (ZAO AgroDiagnostica, Russia) in accordance with the manufacturer’s 

instructions. 

All DNA samples were tested in duplicate by classical PCR. Amplifica-

tion (a T100 thermal cycler, Bio-Rad, USA) was performed using oligonucleo-

tides synthesized at ZAO Evrogen (Russia) and ready-made mixtures for PCR 

5½ MasDDTaqMIX-2025 (ZAO Dialat, Russia). The first test was performed with 

primers PSF/PSR (PSF: 5´-AGCCGTAGGGGAACCTGCGG-3´, PSR: 5´-

TGACTGCCAAGGCATCCACC-3´) [22]. Several copies of the 610 bp se-

quence amplified with the indicated primers are located in tRNA in bacteria of 

the genus Pseudomonas. The PCR mixture for one reaction was 16 μl water, 5 μl 
5½ MasDDTaqMIX-2025, 1 μl each primer at a concentration of 10 μmol and 

2 μl DNA. Amplification program was 95 С for 10 min; 25 cycles of 95 С for 

20 s, 64 С for 15 s, 72 С for 15 s; 72 С for 2 min. The PCR product was 

detected after electrophoretic separation in a 1.5% agarose gel using a gel doc-

umentation system (Bio-Rad, USA). Representatives of the genus Pseudomonas 
were found among all isolates. DNAs of cultures from which a 610-bp PCR 

product was obtained were tested with primers SyD1/SyD2 (SyD1: 5´-CAGC-

GGCGTTGCGTCCATTGC-3'´, SyD2: 5´-TGCCGCCGACGATGTAGAC-

CAGC-3´) [22]. The primers identify Pseudomonas syringae and amplify a 1040 bp 

product. The PCR mixture per reaction was 17.4 μl water, 5 μl 5½ MasDDTaq-

MIX-2025, 0.3 μl each primer at a concentration of 10 pmol and 2 μl DNA. 

Amplification program was 95 С for 10 min; then 25 cycles of 95 °С for 20 s, 

64 С for 15 s, 72 С for 45 s; 72 С for 7 minutes. The PCR product was 

detected in a 1.5% agarose gel horizontal electrophoresis. If a 1040 bp product 

was present, the amplicon remaining in the tube was purified using the GeneJET 

PCR Purification Kit (Thermo Fisher Scientific, USA) and used for Sanger se-

quencing with Big Dye Kit, BigDye®XTerminator™ Purification Kit (Thermo 

Fisher Scientific, USA) on an AB-3500 genetic analyzer (Applied Biosystems, 

USA) according to an adapted method [23]. In the absence of 1040 bp ampli-

cons, sequencing of the PCR product was performed with primers PSF/PSR. 

For DNA samples for which no PCR products were obtained with primers 

SyD1/SyD2 or PSF/PSR, PCR was performed with primers 8UA/519B (8UA: 

5´-AGAGTTTGATCMTGGCTCAG-3´, 519B: 5´-GTATTACCGCGGCKGC-

TG-3´) for the 16-23S rRNA region [24]. The PCR mixture for one reaction 

was 14 μl water, 5 μl 5½ MasDDTaqMIX-2025, 2 μl each primer at a concentra-

tion of 10 μmol and 2 μl DNA. Amplification protocol was 96 С for 10 min; 

35 cycles of 95 С for 15 s, 55 С for 30 s, 72 С for 30 s; 72 С for 10 min. The 

PCR product was detected by a 1.5% agarose gel horizontal electrophoresis. 

Amplicon residues not used for electrophoresis were subjected to purification 

and sequencing as described above. 

Sequencing results were processed using the BioEdit program (https://bi-

oedit.software.informer.com/). The deciphered nucleotide sequences were com-

pared using the BLAST service with sequences deposited in GenBank 

(https://blast.ncbi.nlm.nih.gov). The identification result was considered to be 
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the organism with the maximum similarity (Max score), automatically calculated 

by the BLAST service based on the calculation of the Query coverage and Per-

cent identity indicators. If several such organisms were found in a taxon, the 

oldest taxon was considered the result of identification. 

For each identified species and genus, the frequency of occurrence (A) 

was calculated using the formula [25]: A = B/C ½ 100%, where B is the number 

of samples on which a bacterium with a certain species was found, C is the total 

number of analyzed samples. When calculating the frequency of occurrence of 

bacterial genera, both isolates identified to species and isolates identified only to 

genus were accounted. 

Results. The period of plant sampling for winter grain crops was during 

the booting stage, and for spring grain crops during the seedling phase. There 

were no symptoms of bacterial diseases on the plants during the sampling period 

of winter grain crops. Chlorosis occurred on spring rye seedlings. A total of 55 

samples of grain crops were selected (Table 1). 

1. Collected samples of grain crops (Timiryazevskaya field experimental station, Rus-
sian State Agrarian University — Timiryazev Moscow Agricultural Academ, Mos-

cow, 2020) 

Crop Variety 
Secale cereale L. Snezhana, Verasen, Unnamed 
½Triticosecale Wittm. & A.Camus Alexander, Victor, Nemchinovsky 56, Valentin 90, Timirya-

zevskaya 150 
Triticum turgidum L. Donskoy Yantar, Terra 
Triticum durum Desf. Pobeda 70 
Triticum dicoccum Schrank Untitled 
Triticum sphaerococcum Percival Eremeevna 
½Triticosecale (Wittm. & A. Camus) sphaerococcum Titus 
Triticum aestivum L. Zhiva, Alekseevich, Urup, Morozko, Timiryazevskaya Yubi-

leynaya, Moskovskaya 56, Turquoise, Timiryazevka 150, 
Count, Vassa, Moskovskaya 39, Doublet, Cavalier, Scarlet 
Dawn, Nemchinovskaya 24, Legend, Avesta, Inna, Stan, As-
cetic, Velena, Vanya, Artel, Nemchinovskaya 85, Videya, 
Don Lyra, Sineva, Moskovskaya 40, Don 107, Steppe, Gov-
ernor of the Don, Rostovchanka, Vekha, Nemchinovskaya 57, 
Augusta, Soberbash, Anka, Gurt, Antonina, Nemchinovskaya 
17, Bezostaya 100 

N o t е. The sample of winter crops consisted of 5-15 plant stems cut at the first internode; the sample of spring 
crops consisted of 15 seedlings. One sample was taken from one variety. 

 

Among the collected samples, 14 are rye Secale cereale L., triticale ½Trit-
icosecale Wittm. & A. Camus, ½Triticosecale (Wittm. & A. Camus) sphaerococ-
cum, turgid wheat Triticum turgidum L., hard wheat Triticum durum Desf. and 

spherical wheat Triticum sphaerococcum Percival, 41 samples are common wheat 

Triticum aestivum L. (see Table 1). 
 

 

Fig. 1. PCR products with primers PSF/PSR (610 bp) for DNA samples of bacterial isolates from 
cereal varieties: 1 — Snezhana; 5 — Alive; 6, 7 — Alekseevich; 9-12 — Morozko; 13, 14 — Timirya-
zevskaya Yubileinaya; 21 — Moskovskaya 56; 22 — Turquoise; 25, 26 — Timiryazevka 150; 31 — 
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Alexander; 34, 36, 38 — Donskoy amber; 40 — Victor; 43 — Triticum dicoccum Schrank (no name); 
45 — Nemchinovsky 56; 49 — Eremeevna; 50 — Titus; 55, 56 — Moskovskaya 39; 61 — Doublet; 
66-69 — Cavalier; 74 — Scarlet dawn; 80 — Nemchinovskaya 24; 81, 82 — Victory 70; 83, 84 — 
Legend; 85, 86 — Avesta; 91, 96, 98 — Verasen; 101 — Inna; 107 — Terra; 109 — Timiryazevskaya 
150; 116 — Stan; 120-122 — Ascetic; 124 — Velena; 136 — Videa; 138, 139 — Don lyre; 142 — Sineva; 
148 — Don 107; 149 — Steppe; 152 — Rostovchanka; 162 — Soberbash; 163, 165 — Anka; 170 — 
Antonina; 172 — Nemchinovskaya 17; 177 — Secale cereale L. (no name); M — DNA length marker 
100+ bp DNA ladder (100-1000 bp (ZAO Evrogen, Russia) (Timiryazevskaya field experimental station, 
Russian State Agrarian University — Timiryazev Moscow Agricultural Academy, Moscow, 2020). 

 

A total of 171 bacterial isolates derived from the collected samples. PCR 

with primers PSF/PSR revealed a 610 bp amplicon in 60 tested DNA samples 

of bacterial cultures (Fig. 1). 

PCR with primers SyD1/SyD2 generated a 1040 bp amplicon for eight 

bacterial culture DNA samples tested (Fig. 2). 
 

 

Fig. 2. PCR products with primers SyD1/SyD2 (1040 
bp) obtained for DNA samples of bacterial isolates 

from cereal varieties: 1 — Snezhana; 5 — Zhiva; 7 — 

Alekseevich; 9-12 — Morozko; 25, 26 — Timirya-

zevka 150; 61 — Doublet; 66, 69 — Cavalier; 74 — 

Scarlet dawn; 80 — Nemchinovskaya 24; 81, 82 — 

Victory 70; 83, 84 — Legend; 86 — Avesta; 91, 96, 

98 — Verasen; 101 — Inna; 107 — Terra; 116 — 

Stan; 120-122 — Ascetic; 152 — Rostovchanka; 

162 — Soberbash; 170 — Antonina; 172 — Nem-

chinovskaya 17; M — DNA length marker 100+ 

bp DNA ladder (100-1000 bp (Evrogen, Russia) 

(Timiryazevskaya field experimental station, Russian 

State Agrarian University — Timiryazev Moscow Agricultural Academy, Moscow, 2020). 
 

For the remaining 103 DNA samples from bacterial cultures, 500 bp 

amplicons were obtained in PCR with primers 8UA/519B (Fig. 3). 
 

 

 

Fig. 3. PCR products with primers 

8UA/519B (500 bp) for DNA 

samples of bacterial isolates from 

cereal varieties: 2, 3 — Snez-

hana; 8 — Urup; 17-20 — Timi- 

ryazevskaya Yubileinaya; 23-24 — Turquoise; 27 — Timiryazevka 150; 28-30 — Count; 32, 33, 35, 37 — 

Donskoy amber; 39 — Victor; 35(2), 36(2) — Donskoy amber; 41-42 — Vassa; 44 — Nemchinovsky 
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56; 47-48 — Eremeevna; 51-52 — Titus; 53-54, 57-58 — Moskovskaya 39; 59-60 — Valentin; 62-65 — 

Doublet; 67-68 — Cavalier; 70-73, 75-76 — Scarlet dawn; 77-79 — Nemchinovskaya 24; 87-90 — 

Avesta; 92, 94 — Verasen; 95, 97, 99 — Verasen; 100, 102-103 — Inna; 104-106, 108 — Terra; 110-

111 — Timiryazevskaya 150; 112-114, 117 — Stan; 118-119 - Ascetic; 123 — Velena; 125 — Va-nya; 

126-129, 131-132 — Artel; 133-134 — Nemchinovskaya 85; 135 — Videa; 137 — Don lyre; 140-141 — 

Sineva; 143, 145-146 — Moskovskaya 40; 147 — Don 107; 150 — Governor of Don; 151 — Ros-

tovchanka; 153 — Milestone; 154-155 — Nemchinovskaya 57; 156, 158-159 — Augusta; 160-161 — 

Soberbash; 164 — Anka; 166-169 — Edge; 171 — Nemchinovskaya 17; 173-175 — Bezostaya 100; 

176, 178 — spring rye Secale cereale L. (no name); M — molecular weight marker GeneRuler 100 bp 

Plus (100-1000 bp) (Thermo Fisher Scientific, USA) (Timiryazevskaya field experimental station, Rus-

sian State Agrarian University — Timiryazev Moscow Agricultural Academy, Moscow, 2020). 
 

2. Alignment of nucleotide sequences from Sanger sequencing for the collected bac-
terial isolates (BLAST service, https://blast.ncbi.nlm.nih.gov; Timiryazevskaya 
field experimental station, Russian State Agrarian University — Timiryazev Moscow 
Agricultural Academy, Moscow, 2020) 

1 2 3 4 5 6 7 
S e c a l e  c e r e a l e  L. 

Snezhana 1 SF/PSR Pseudomonas sp. 990 100 % 99.09 % 
Snezhana 2 8UA/519B Rhodococcus sp. 353 75.0 % 86.73 % 
   Rhodococcus fascians 350 89.0 % 83.62 % 
Snezhana 3 8UA/519B Rhodococcus sp. 619 91.0 % 91.23 % 
Verasen 97 8UA/519B Arthrobacter sp. 787 100 % 97.22 % 
Verasen 98 PSF/PSR Pseudomonas sp. 959 100 % 98.53 % 
   Pseudomonas graminis 948 100 % 98.17 % 
Verasen 99 8UA/519B Staphylococcus pasteuri, Staphylococ- 

cus sp., Staphylococcus warneri 
909 100 % 99.80 % 

T r i t i c u m  a e s t i v u m  L. 

Zhiva 5 PSF/PSR Pseudomonas trivialis 902 96.0 % 96.26 % 

Alexeyevich 6  PSF/PSR Pseudomonas sp. 959 100 % 98.53 % 

   Pseudomonas graminis 948 100 % 98.17 % 

Alexeyevich 7 PSF/PSR Pseudomonas poae 1075 99.0 % 99.49 % 

Urup 8 8UA/519B Erwinia papayae, Erwinia sp., Erwinia 
billingiae 

551 99.0 % 98.71 % 

Morozko 9 PSF/PSR Pseudomonas viridiflava 712 99 % 88.17 % 

Morozko 10 PSF/PSR Pseudomonas syringae, Pseudomonas sy-
ringae pv. aptata 

575 100 % 99.68 % 

Morozko 11 PSF/PSR Pseudomonas syringae pv. atrofaciens, 
Pseudomonas syringae 

1596 100 % 97.18 % 

Morozko 12 PSF/PSR Pseudomonas syringae pv. atrofaciens, 
Pseudomonas syringae 

1596 100 % 97.18 % 

N o t е. 1 — variety from which the isolate was isolated, 2 — isolate number, 3 — pair of primers (for more details, 

see the Materials and methods section), 4 — microorganism with maximum similarity, 5 — maximum score, 6 — query 

coverage (query coverage), 7 — percent identity. The table is presented in full on the http://www,agrobiology.ru. 

 

Purification, sequencing, and processing using the BioEdit program al-

lowed us to obtain nucleotide sequences for each of isolates and align these se-

quences in the BLAST service (https://blast.ncbi.nlm.nih.gov). Examples of the re-

sults obtained are shown in Table 2 (see in full on the website http://www.agrobi-

ology.ru). 

Some species of identified bacteria were found only in one sample of 

grain crops (Table 3). The Gram-positive bacterium Rathayibacter festucae iso-

lated from a sample of triticale cv. Timiryazevskaya 150, was originally identified 

in 2002 from a leaf gall caused by the nematode Anguina graminis on red fescue 

[26]. The genus Rathayibacter includes 6 species, among which Rathayibacter 

tritici and Rathayibacter rathayi are pathogenic for grain crops and are regulated 

by phytosanitary requirements of a number of countries (https://fsvps.gov.ru/ru, 

https://gd.eppo.int/). 

The species Pseudoclavibacter helvolus identified in the winter rye sample 

(see Table 3) is a gram-positive bacterium that does not have phytopathogenic 

properties [27]. The gram-negative bacterium Paucimonas lemoignei, isolated 

from turgid wheat variety Donskoy Yantar (see Table 3), is not characterized as 

a phytopathogen [28]. 

http://www.agrobiology.ru/articles/1-2023slovareva-tab2-rus.xlsx
http://www.agrobiology.ru/articles/1-2023slovareva-tab2-rus.xlsx
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3. Identification of bacteria in samples of grain crops (except for Triticum aestivum L.) 

(Timiryazevskaya field experimental station, Russian State Agrarian University — 

Timiryazev Moscow Agricultural Academy, Moscow, 2020) 

Crop Variety Identified as 
Secale cereale L. Snezhana Pseudomonas sp., Rhodococcus sp. 

Verasen Pseudomonas trivialis, Micrococcus sp., 

Staphylococcus sp., Pseudomonas sp., Ar-
throbacter sp. 

Unnamed Actinomycetales bacterium, Pseudomonas 
sp., Pseudoclavibacter helvolus 

½Triticosecale Wittm. & A.Camus Alexander Pseudomonas sp. 

Victor Frigoribacterium sp., Pseudomonas sp. 

Nemchinovsky 56 Dyadobacter sp., Pseudomonas sp. 

Valentin 90 Clavibacter michiganensis, Frigoribacterium 
faeni 

Timiryazevskaya 

150 
Pseudomonas sp., Frigoribacterium sp., 

Rathayibacter festucae 

Triticum turgidum L. Donskoy amber Uncultured bacterium, Frigoribacterium 
faeni, Paucimonas lemoignei, Uncultured 

Enterobacteriaceae bacterium, Uncul-

tured soil bacterium, Pantoea ananatis, 
Frigoribacterium sp., Salinibacterium sp., 

Pseudomonas sp. 

Terra Arthrobacter sp., Rhodococcus sp., Clavi-
bacter michiganensis, Pseudomonas syrin-
gae, Frigoribacterium sp. 

Triticum durum Desf. Pobeda 70 Pseudomonas viridiflava, Pseudomonas sy-
ringae 

Triticum dicoccum Schrank Untitled Pseudomonas sp. 

Triticum sphaerococcum Percival Eremeevna Frigoribacterium sp., Sanguibacter sp., 

Pseudomonas sp. 

½Triticosecale (Wittm. & A. Camus) sphaerococcum Titus Pseudomonas sp., Bacterium, Uncultured 

bacterium 

N o t е. The sample of winter crops consisted of 5-15 plant stems cut at the first internode; the sample of spring 

crops consisted of 15 seedlings. One sample was taken from one variety. 

 

The species Pantoea ananatis identified in a sample of turgid wheat va-

riety Donskoy Yantar (see Table 3) is a gram-negative bacterium that is the 

causative agent of various plant bacterioses [29] and, according to the Federal 

Service for Veterinary and Phytosanitary Surveillance (https://fsvps.gov .ru/ru), 

is regulated by the Colombian quarantine list. Pantoea ananatis was reported to 

promote active metabolism in plants [30]. 

In single samples of 41 winter soft wheat specimens (Table 4), we found 

both phytopathogenic and economically useful bacteria. 

The gram-positive bacterium Arthrobacter chlorophenolicus isolated from 

wheat variety Sineva (see Table 4) is economically useful and increases the 

drought resistance of plants [31]. The gram-negative soil bacterium Pseudomonas 
chlororaphis from wheat variety Asket (see Table 4) is used as a bioagent against 

plant diseases [32]. 

Bacteria were also isolated the presence of which was noted in several 

samples of cereal crops (see Tables 3, 4). Species of gram-positive bacteria Clavi-
bacter michiganensis and Rhodococcus fascians and gram-negative Pseudomonas 
trivialis, Pseudomonas viridiflava and Pseudomonas syringae (including the 

pathovar Pseudomonas syringae pv. syringae) have been identified, for which phy-

topathogenic properties have been described [4, 33-37]. In addition, the gram-

positive bacteria Frigoribacterium faeni, usually isolated from soil, plant phyllo-

sphere and other sources, for which economically valuable or pathogenic prop-

erties have not been noted, have been isolated and identified [38]. Gram-nega-

tive bacteria Pseudomonas graminis and Pseudomonas poae have also been isolated 

(see Tables 3, 4) which are usually found in soil or plants and are used to control 

plant diseases [39, 40]. 
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4. Identification of bacteria in samples of winter soft wheat Triticum aestivum L. 
(Timiryazevskaya field experimental station, Russian State Agrarian University — 

Timiryazev Moscow Agricultural Academy, Moscow, 2020) 

Variety Identified as 
Alive Pseudomonas trivialis 
Alexeyevich Pseudomonas sp., Pseudomonas poae 
Urup Erwinia sp. 

Morozko Pseudomonas viridiflava, Pseudomonas syringae 
Timiryazevskaya Yubileinaya Pseudomonas sp., Frigoribacterium sp., Uncultured bacterium, Clavibacter sp., 

Kineococcus sp. 

Moskovskaya 56 Pseudomonas sp. 

Turquoise Pseudomonas sp., Pantoea sp., Uncultured bacterium 

Timiryazevka 150 Pseudomonas sp., Pseudomonas poae, Uncultured bacterium 

Graph Curtobacterium sp., Arthrobacter sp., Streptomyces sp. 

Vassa Frigoribacterium sp. 

Moskovskaya 39 Frigoribacterium sp., Clavibacter sp., Pseudomonas trivialis, Pseudomonas sp. 

Doublet Frigoribacterium sp., Bacterium, Curtobacterium sp. 

Cavalier Pseudomonas sp., Uncultured bacterium, Bacterium, Pseudomonas graminis 
Scarlet dawn Oerskovia sp., Cellulomonas sp., Frigoribacterium sp., Microbacterium sp., Pseu-

domonas sp., Bacterium 

Nemchinovskaya 24 Microbacteriaceae bacterium, Frondihabitans sp., Curtobacterium sp., Pseudomo-
nas sp.  

Legend Pseudomonas graminis, Pseudomonas poae 
Avesta Pseudomonas poae, Clavibacter sp., Frigoribacterium sp., Sphingomonas sp. 

Inna Clavibacter michiganensis, Pseudomonas syringae, Uncultured bacterium, Micro-
bacterium sp. 

Mill Rhodococcus fascians, Arthrobacter sp., Phycicoccus sp., Pseudomonas syringae pv. 

syringae, Frigoribacterium sp. 

Ascetic Frigoribacterium sp., Bacillus sp., Pseudomonas viridiflava, Pseudomonas chlo-
roraphis, Pseudomonas sp. 

Velena Rhodococcus sp., Pseudomonas viridiflava 

Vania Plantibacter sp. 

Artel Uncultured bacterium, Unidentified microorganism, Frigoribacterium sp., Curto-
bacterium sp., Rhizosphere soil bacterium, Sphingomonas sp. 

Nemchinovskaya 85 Clavibacter sp., Frigoribacterium sp. 

Videya Bacterium, Pseudomonas sp. 

Don lyre Plantibacter sp., Pseudomonas sp., Pseudomonas syringae pv. syringae 
Sineva Frigoribacterium sp., Arthrobacter chlorophenolicus, Pseudomonas sp. 

Moskovskaya 40 Clavibacter sp., Arthrobacter sp. 

Don 107 Frigoribacterium sp., Pseudomonas sp. 

Steppe Pseudomonas sp. 

Governor of Don Frigoribacterium sp. 

Rostovite Bacterium, Pseudomonas sp. 

Milestone Erwinia sp. 
Nemchinovskaya 57 Rhodococcus fascians, Uncultured bacterium 

Augusta Bacillus sp., Uncultured bacterium 

Soberbash Clavibacter sp., Pseudomonas sp., Bacterium 

Anka Pseudomonas trivialis, Bacterium, Pseudomonas sp. 

Gurt Pseudomonas sp., Agreria sp., Frondihabitans sp., Sphingomonas sp. 

Antonina Pseudomonas syringae 
Nemchinovskaya 17 Rhodococcus sp. 

Bezostaya 100 Athrobacter sp., Micrococcus sp., Frigoribacterium sp. 

N o t е. The sample of winter crops consisted of 5-15 plant stems cut at the first internode; the sample of spring 

crops consisted of 15 seedlings. One sample was taken from one variety. 

 

These data revealed that the frequency of occurrence of bacteria of the 
genera Pseudomonas, Frigoribacterium, Clavibacter, Arthrobacter and Rhodococcus 
on grain crops of the Timiryazev field experimental station was more than 10% 
(Table 5). The diversity of pseudomonads, the most common bacteria in the 
studied samples with 70.9% frequency of occurrence, is represented by six species 
(see Table 5). Of these species the Pseudomonas chlororaphis, Pseudomonas gram-
inis and Pseudomonas poae, according to the sprcial literature, have properties 
beneficial to plants, and three species, the Pseudomonas syringae, Pseudomonas 
trivialis and Pseudomonas viridiflava are plant pathogens. 

Bacteria of the genus Frigoribacterium, the second most abundant group 

(see Table 5), are common members of the plant microbiota, promoting plant 

growth and adaptation [41]. Common representatives of soil and plant microbi-

ota also include the bacteria Arthrobacter sp., which we found in samples of grain 
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crops with an occurrence frequency of 12.7%. 

5. Frequency of occurrence of bacterial species and genera in grain crop samples 

(Timiryazevskaya field experimental station, Russian State Agrarian University — 

Timiryazev Moscow Agricultural Academy, Moscow, 2020) 

Genus Frequency, % Species Frequency, % 
Agreria sp. 1.8 –  

Arthrobacter sp. 12.7 Arthrobacter chlorophenolicus 1.8 

Bacillus sp. 5.5 –  

Cellulomonas sp. 1.8 –  

Clavibacter sp. 16.4 Clavibacter michiganensis 5.5 

Curtobacterium sp. 7.3 –  

Dyadobacter sp. 1.8 –   

Erwinia sp. 3.6 –  

Frigoribacterium sp. 36.4 Frigoribacterium faeni 3.6 

Frondihabitans sp. 3.6 –  

Kineococcus sp. 1.8 –  

Microbacterium sp.  3.6 –  

Micrococcus sp. 3.6 –  

Oerskovia sp. 1.8 –  

Pantoea sp. 3.6 Pantoea ananatis 1.8 

Paucimonas sp. 1.8 Paucimonas lemoignei 1.8 

Phycicoccus sp. 1.8 –  

Plantibacter sp. 3.6 –  

Pseudoclavibacter sp. 1.8 Pseudoclavibacter helvolus 1.8 

Pseudomonas sp. 70.9 Pseudomonas chlororaphis 1.8 

Pseudomonas graminis 3.6 

Pseudomonas poae 7.3 

Pseudomonas syringae 12.7 

Pseudomonas trivialis 7.3 

Pseudomonas viridiflava 7.3 

Rathayibacter sp. 1.8 Rathayibacter festucae 1.8 

Rhodococcus sp. 10.9 Rhodococcus fascians 3.6 

Salinibacterium sp. 1.8 –  

Sanguibacter sp. 1.8 –  

Sphingomonas sp. 5.5 –  

Staphylococcus sp. 1.8 –  

Streptomyces sp. 1.8 –  

N o t е. Dashes mean that species within the genus have not been identified. 

 

We found a prevalence of the pathogenic species Clavibacter michiganen-
sis at a frequency of 5.5%. It is most likely that the detected bacteria belong to 

the subspecies Clavibacter michiganensis subsp. tessellarius (Clavibacter tessellar-
ius sp. nov.) which is the causative agent of bacterial mosaic in wheat, since 

Clavibacter michiganensis subspecies are highly specific to the host plant, and it 

is the tessellarius subspecies that infects wheat [42]. 

Among the bacteria Rhodococcus sp., the frequency of which was 10.9%, 

only Rhodococcus fascians are reported to cause plant diseases [34]. 

The frequency of occurrence of other identified bacterial genera and 

species was less than 10%. 

Thus, we studied the microbiota of local grain crops (Timiryazevskaya 

field experimental station, 2020) and revealed field isolates that can enter a uni-

fied collection of grain bacteria in order to create species-specific primers that 

will be a key part of the developed regulatory documents on the detection and 

identification of quarantine and export-significant pathogens of bacteriosis of 

grain crops. The specified regulatory documents which are of very great demand 

will be used by phytosanitary laboratories for phytosanitary control. Gien the 

regional characteristics of soil-climatic and agrotechnical conditions and the bi-

odiversity of isolates [43-45], we believe that standard strains from foreign col-

lections of microorganisms (if available) are less suitable for these purposes. Let 

us note that previously no large-scale study of the bacterial composition in grain 

crops has been carried out in Russia, and therefore there is no information about 

the species composition of bacteria that can be found together in one sample. 

There is also no complete list of bacteria that can be found in grain crops in 
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Russia. 

We conducted a study of the composition of the microbiota on crops of 

economically important crops using classical microbiology methods to isolate 

bacteria from samples and molecular genetic methods to identify isolated iso-

lates. The data obtained can add to the knowledge of bacteria living in plants 

and will be useful for developing a general understanding of the microbiome of 

target crops in the field. 

Bacteria were isolated from seedlings of spring crops (rye) and from green 

plants of winter crops in the stage of emerging into the tube, which could affect 

the number of some types of bacteria in plants compared to others and, indi-

rectly, the composition of the resulting bacterial associations [4, 5, 13]. Strains 

were isolated on Petri dishes based on the diversity of morphotypes, which is 

quite subjective and in any case does not allow detection of uncultivable micro-

organisms [45]. However, this does not contradict the tasks that we set for our-

selves when carrying out the work. i.e., to isolate cultures for a collection of 

bacterial phytopathogens and their accompanying microbiota that are phytosan-

itary important for grain export. We do not extend the obtained data on the 

composition and frequency of occurrence of bacteria to other grain crops, even 

in the same agroclimatic zone. 

It is important to note that we identified pathogenic, neutral and bene-

ficial species in the microbiota of grain plants. More knowledge about pathogens 

can improve the phytosanitary assessment of cereal crops, while candidate bac-

teria can be found among beneficial species to develop new drugs for the bio-

logical control of phytopathogens. In addition, we identified bacteria that belong 

to certain genera, but do not belong to any of the known species, which makes 

them promising for further study and the possibility of describing new species of 

the grain crop microbiota. 

So, at testing sites and hybridization plots of the Timiryazevskaya field 

experimental station, we collected 55 samples of grain crops of which 171 bac-

terial isolates were purified and 37 isolates were identified to species using mo-

lecular genetic methods. The identified bacterial diversity is represented by 14 

species. Among them, phytopathogens include Pantoea ananatis, Clavibacter 

michiganensis, Rhodococcus fascians, Pseudomonas trivialis, Pseudomonas viridi-
flava and Pseudomonas syringae. Pantoea ananatis is listed and watched by the 

North American Plant Protection Organization. Rhodococcus fascians is regu-

lated as a quarantine organism in Argentina, Brazil, Chile, Mexico, etc. Pseu-
domonas viridiflava is a quarantine organism for Mexico and is regulated as a 

non-quarantine organism in Switzerland and the UK. Pseudomonas syringae 
(and, in particular, Pseudomonas syringae pv. syringae which we discovered on 

grain crops), is a quarantine organism for such importers of Russian grain as 

Taiwan, Mexico, Colombia and Jordan, and is also regulated by the phytosani-

tary requirements of Egypt and Zimbabwe and Great Britain in grain products 

as a non-quarantine species (https://fsvps.gov.ru/ru, https://gd.eppo.int/). Bac-

teria with economically useful properties were also isolated and identified, these 

are Arthrobacter chlorophenolicus, Pseudomonas chlororaphis, Pseudomonas gram-
inis and Pseudomonas poae. Other identified species, the Rathayibacter festucae, 
Pseudoclavibacter helvolus, Paucimonas lemoignei and Frigoribacterium faeni, ac-
cording to published data, do not have pronounced harmful or beneficial prop-

erties. The highest frequency of occurrence (70.9%) was characteristic of the 

genus Pseudomonas species. Representatives of the genera Frigoribacterium 

(36.4%), Clavibacter (16.4%), Arthrobacter (12.7%) and Rhodococcus (10.9%) 

also have a high frequency of occurrence. The experimental data on the bacteria 

species composition we obtained in grain crops can be used to identify the spread 
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of bacterioses on the territory of the Russian Federation and to bioinformat-

icsally analyze bacterial genomes in the search for species-specific genetic mark-

ers of quarantine objects. 
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