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Background. The strain Pseudomonas brassicacearum S-1 is the basis of the biopesticide “Ecogreen”,
which is used to control pathogens infecting vegetable and green spicy crops in small-scale hydroponics.

The aim of this work was to sequence and analyze the nucleotide sequence of the genome of strain
P. brassicacearum S-1 (GenBank accession number CP045701).

Methods. Whole-genome sequencing was performed by both MiSeq (Illumina) and MinION (Oxford
Nanopore). Analysis of the genome sequence was performed with a number of bioinformatics programs.

Results. The genome of the P. brassicacearum S-1 strain comprising a single circular 6 577 561-bp
chromosome with GC content of 60.8 % . Genome analysis revealed genes that constitute valuable biotech-
nological potential of the S-1 strain and determine synthesis of a wide range of secondary metabolites.
Moreover, mobile genetic elements, prophages and short repetitive sequences were identified in the S-1
genome.

Conclusions. Detected genetic determinants, which are responsible for the synthesis of practically
valuable compounds, indicate a significant potential of the P. brassicacearum S-1 strain as a biocontrol
agent.
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Numerous bacterial strains are now
characterized physiologically and biochemi-
cally. Studied strains include those promising
for further use (or already engaged) in
biotechnology, particularly in the develop-
ment of biological agents controlling plant
diseases [1]. Elaboration of highly efficient
next-generation biocontrol preparations based
on bacteria with known genetic structure
is one of the most prominent research
directions in industrial biotechnology [2].
Molecular genetic and functional genome
analysis allows one to directly enhance the
activity of biotechnologically significant
bacterial cultures without the introduction
of extraneous genetic determinants, for
example, by selecting the optimal cultivation
conditions or removing negative regulatory
genes. Such analysis contributes to
comprehensive genetic characterization of
strains essential for the design of biocontrol
mixtures for agriculture.

Pseudomonas spp. are widely used as
active agents in biocontrol preparations [3].
The biopesticide “Ecogreen” based on the
strain Pseudomonas brassicacearum S-1 was
developed at the Institute of Microbiology,
National Academy of Sciences of Belarus and
is now used to protect cucumber, tomato, and
other crop plants from root rot diseases [4].
Hence, the aim of this work was to sequence
and thoroughly analyze P. brassicacearum
S-1 genome to facilitate research on plant
growth-promoting, antifungal or antibacterial
activities of this strain.

Materials and Methods

The genomic DNA was purified with
the Bacteria DNA Preparation Kit (Jena
Bioscience, PP-206S) from P. brassicacearum
S-1 culture grown on LB medium until the late
logarithmic growth phase.
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The genome was sequenced using a MinION
sequencer (Oxford Nanopore Technologies).
The library for the MinION run was prepared
using the Oxford Nanopore Technologies
Ligation Sequencing Kit (SQK-LSK109).
Additionally, the same DNA sample was
sequenced on the Illumina MiSeq platform
using MiSeq reagent kit v3. The paired-end
library for the Illumina run was prepared using
the MuSeek library preparation kit (Thermo
Fisher Scientific, K1361).

The genome was assembled in a hybrid
manner, combining Illumina and nanopore
reads in the following way. 102 296 MinION
reads (mean length 10 916.6 nt, mean quality
9.8) were assembled using Flye (v. 2.8 —
https://github.com/fenderglass/Flye) into
one contig. The nanopore assembly was
polished with the Illumina reads. For this
purpose, Bowtie2 v. 2.3.5.1 (https://github.
com/BenLangmead/bowtie2) and Pilon
v. 1.23 (https://github.com/broadinstitute/
pilon) with default parameters were used.
To correct errors in repeats and search for
plasmids, 1 688 260 Illumina reads remaining
after quality filtering were assembled into
613 contigs using SPAdes v. 3.14.1 (https://
github.com/ablab/spades) with BayesHammer
error correction. Combinator-FQ program
(https://github.com/masikol/combinator-
FQ) was used to detect adjacent contigs and
estimate contig multiplicity. The SPAdes
contigs were mapped to the draft genome for
final corrections in the repeating regions.

The genome was annotated with the NCBI
Prokaryotic Genome Annotation Pipeline
(PGAP) (https://www.ncbi.nlm.nih.gov/
genome/annotation prok/). The genetic map
of the chromosome was created using CGView
Server (http://cgview.ca). MiGA (Microbial
Genomes Atlas, http://microbial-genomes.
org) and Mauve (http://darlinglab.org/
mauve/mauve.html) were used for comparison
of genome sequences and average nucleotide
identity (ANI) calculation. For identifying
secondary metabolites synthesis clusters,
antiSMASH (bacterial version, 5.2.0) was used
(https://antismash.secondarymetabolites.
org). Prophage sequences and mobile genetic
elements were detected using PHASTER
(https://phaster.ca) and ISfinder (https://
isfinder.biotoul.fr). Restriction—modification
systems were predicted by REBASE (http://
rebase.neb.com/rebase/rebase.html). BLAST
software package (https://blast.ncbi.nlm.
nih.gov/Blast.cgi) and the GenBank database
(https://www.ncbi.nlm.nih.gov/genbank)
were used for comparing nucleotide sequences.
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Results and Discussion

Whole-genome sequencing of strain
P. brassicacearum S-1 was carried out by
combining two technologies: Oxford Nanopore
and Illumina. Combining reads generated by
the two sequencers and thus having distinct,
though complementary, properties is likely to
improve assembly quality. Hybrid assembly
produced a single circular 6 577 561-bp sequence
with a GC-content of 60.8%. 5 726 genes were
detected, 5 568 annotated as protein-coding,
73 — as pseudogenes, 66 — as tRNA genes,
4 — as ncRNA genes and 16 — as rRNA genes.
Genes coding for ribosomal RNA (5S, 16S, 23S)
grouped into five clusters. No extrachromosomal
genetic elements were found. P. brassicacearum
S-1 genome sequence was deposited in GenBank
with accession number CP045701.

Genome analysisconfirmed the taxonomic
classification of the strain P. brassicacearum
S-1 (Domain: Bacteria; Phylum:
Proteobacteria; Class: Gammaproteobac-
teria; Order: Pseudomonadales; Family:
Pseudomonadaceae; Genus: Pseudomonas;
Species: Pseudomonas brassicacearum).
Among the genomes present in GenBank,
P. brassicacearum subsp. brassicacearum
NFM421 (NC _015379) and P. kilonensis
DSM 13647 (GCA_001269885) were the
closest to that of P. brassicacearum S-1
with ANI values of 94.48% and 93.80%,
respectively (Table 1).

Comparative analysis of the S-1 genome
and related genomes was performed to
detect genome rearrangements and unique
regions. S-1 appeared to contain unique
genome regions absent from the genomes
of closely related strains (Fig. 1). Such loci
comprise prophage areas (genome coordinates
1 333 519-1 370 191, 4 408 475-4 449 567,
4 841 053-4 877 530), non-ribosomal
peptide synthetases (GFU70 14995 —
GFU70_15065, GFU70_15270) and the gene
cluster determining synthesis of flagellar
proteins (GFU70_10800 — GFU70_11030).
The chromosome of strain S-1 is the smallest
compared to the ones of related strains. It
lacks the 241 393 bp fragment which in the
genome of strain P. brassicacearum subsp.
brassicacearum NFM421 spans from 2 423 627
to 2 665 019 bp (PSEBR_al987 — PSEBR
cmegm61). Massive gene reshuffling was also
detected within studied bacterial genomes.
The genome of strain P. brassicacearum subsp.
brassicacearum NFM421 has the highest
similarity in gene positioning compared to the
genome of the strain S-1.
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Many bacterial strains have specialized
defense systems to protect themselves
against the penetration and replication
of phages or horizontal gene transfer. S-1
genome contains genes coding for DNA
methyltransferases of type I (GFU70_25180)
and type II (GFU70_ 09340, GFU70 09360,
GFU70_ 18880, GFUT70_20705).
Additionally, genes encoding restriction
endonucleases of type I (GFU70_25195)
and type IV (GFU70_25205) were detected
in the genome. Despite this, three
complete prophage regions were found:
locus tags GFU70_ 05685 — GFU70_05895
(similar to phage Vibrio parahaemolyticus:
Vibrio VP882 (NC _009016)),
GFU70_20685 — GFU70_20930 (similar
to Vibrio VP58.5 (NC_027981)) and
GFU70 18645 — GFU70_18930 (similar
to Escherichia coli phage Entero HK022
(NC_002166)) (Fig. 2). No CRISPR-Cas system
was detected in the S-1 genome.

We were able to explore the genomic
instability of the S-1 genome. The mobilome of
the P. brassicacearum S-1 is quite diverse, as
the strain was found to carry several putative
transposable elements and short repetitive
sequences.

Three different families of IS elements
were identified by genome analysis:

1S66 (GFU70_08270 — GFU70_08275,

GFU70 18595 — GFU70_18600,

GFU70 21595 — GFU70 21600,

GFU70 11650 — GFU70_11660,

GFU70 13735 — GFU70_13745),

IS110 (GFU70_01205, GFU70_16560),

1S1182 (GFU70_01115, GFU70_02845,

GFU70 05675, GFU70_19305,

GFU70 22695, GFU70_25155,

GFU70 28780, GFUT70_26625).

Furthermore, six different group II
introns (GFU70_04185, GFU70 04810,
GFU70 05155, GFU70 23400,

Table 1. Overview of related Pseudomonas genomes

Strain (accession number) Total length, bp | GC-content,% ANT*,%
g\.rgrzz;isgc;;;;lrum subsp. brassicacearum NFM421 6 843 248 60.8 04.48
P. kilonensis DSM 13647 (GCA_001269885) 6 385813 60.9 93.80
P. thivervalensis DSM 13194 (GCA_001269655) 6 581 995 61.2 91.79
P. mediterranea CFBP 5447 (GCA_000774145) 6 319 692 61.2 87.79
P. corrugata NCPPB2445 (GCA_001411965) 6 083 940 60.6 87.30
P. fuscovaginae LMG 2158 (NZ_LT629972) 6 592 354 61.4 82.86

Note: * ANI between subject and P. brassicacearum S-1.
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Fig. 1. MAUVE progressive alignment of Pseudomonas sp. genomes
Boxes of the same color indicate high similarity regions. Boxes below the horizontal strain lines indicate
inverted regions. Rearrangements are shown by colored lines. The scale is in base pairs.
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GFU70 25585, GFU70_26015) were found in
the genome.

Two groups of repetitive extragenic
palindromes (REPs) were  identified:
GTAG-type (784 occurrences) and GTGG-type
(1254 occurrences). Four tyrosine transposases
(RAYTs) that might be responsible for the
transposition of REPs [5] are present in the
genome: GFU70 00680, GFU70_07390,
GFU70 16415, GFU70_22750.

Multiple mobile genetic elements can
lead to the loss of important properties that
determine the biotechnological potential of the
strain, although these elements might also help
P. brassicacearum S-1 to adapt to changing
environmental conditions in the wild.

We could detect neither genes responsible
for antibiotic resistance nor genes associated
with virulence or phytotoxicity in the S-1
genome. The genes encoding the components
of type III and type IV secretion systems
were not found. On the other hand, the
tss genes encoding the components of the
type VI secretion system (GFU70 16125 —
GFU70_16190, GFU70 27965 —
GFU70_28045, GFU70_28090 —
GFU70_28155) were identified. It is known
that soil microorganisms use this system to
fight against other bacteria [6].

Genome analysis highlighted many
genetic loci that might determine the high
biotechnological potential of P.brassicacearum
S-1. The most important of these are
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Fig. 2. Circular map of the P. brassicacearum S-1 chromosome
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summarised in Table 2 and also described in
more detail below.

Destruction of Lignin. Genes predicted
to confer the ability to degrade lignin
(GFU70_24415, dyp, copA, vanB, pcaFHGDC,
pca®Q@HG) were identified in the S-1 genome.
Cultures capable of lignin destruction are
currently widely used for wood waste recyc-
ling [7].

Plant Growth Promotion. The acdS
gene found in the S-1 genome encodes
l-aminocyclopropane-1-carboxylate
(ACC) deaminase. Various stress effects
affecting plants provoke the production of
phytohormone ethylene, which accelerates

plant senescence, promotes leaf yellowing and
fruit fall. The reaction of ACC conversion
into ammonium and a-ketobutyrate catalyzed
by AcdS contributes to decreasing ethylene
concentration [8].

The ability of rhizosphere microorganisms
to convert inorganic phosphorus-containing
compounds into plant-accessible form is
regarded as one of the key factors for plant
nutrition. Phosphate solubilization by
P. brassicacearum is associated with the
synthesis and secretion of gluconic acid [9].
The biosynthesis of gluconic acid starts from
the oxidation of glucose molecules, and the
latter reaction is catalyzed by periplasmic

Table 2. Biocontrol genetic determinants of P. brassicacearum S-1

Locus tag Size, Protein function Strains with similar genes Identity. %
(gene name) bp or product (accession number) s 7o
Destruction of Lignin
P. fluorescens FW300-N2E2
?)F U70_24415 726 | polyphenol oxidase | (CP015225.1) -8
P. fluorescens F113 (CP003150.1) :
P. brassicacearum subsp. brassi-
%FU)70—10030 879 | DyP-type peroxidase | cacearum NFM421 (CP002585.1) 95.68
yp P. fluorescens F113 (CP003150.1) 95.34
copper resistance P. fluorescens F113 (CP003150.1) 04.80
GFUT70_22265 (copA) 1734 |system multicopper | P.brassicacearum 3Re2-7 94'72
oxidase (CP034725.1) :
. P. brassicacearum subsp. brassi-
8]5%())_13435 951 | vanillate O-demeth- | .;0oqrym NFM421 (CP002585.1) 97.17
¥y P. fluorescens F113 (CP003150.1) 96.73
GFU70_06610 — rotocatechuate P. thivervalensis PLM3 (CP022202.1) 91.78
GFU70_06640 6 885 g Aol th P. thivervalensis BS3779 91'69
(pcaFHGDC) »a-cleavage pathiway | (17629691.1) :
P.brassicacearum subsp. brassi-
GFU70_26120 — protocatechuate cacearum NFM421 (CP002585.1)
GFU70_26130 2392 . 96.28
(pcaQH_G) 3,4-cleavage pathway | P. brassicacearum 1L.13-6-12 06.24
(CP014693.1) )
Exoprotease Activity
. P. fluorescens F113 (CP003150.1)
&FEX)O—“”O 1458 | 10 familymetallo- | by orescens FW300-N2E2 oiar
P beptidase (CP015225.1) :
P. fluorescens F113 (CP003150.1)
EfU7O—16545 1062 | M4 family peptidase | P.brassicacearum 3Re2-7 ggg(l)
(CP034725.1) :
GFU70_18035 2064 SS family serine pep- unique i
(-) tidase
GFU70_28710 9633 S8 family serine pep- | P. corrugata BS3649 (LT629798.1) 82.86
) tidase P. cichorii JBC1 (CP007039.1) 78.98
Plant Growth Promotion
ggggg—ggigg o 6 044 pyrroloquinoline qui- | P. fluorescens F113 (CP003150.1) 93.78
(pqqFABCDE) none biosynthesis P. fluorescens Pf275 (CP031648.1) 90.78
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Table 2 (continuation )

Locus tag Size, Protein function Strains with similar genes Identity,
(gene name) bp or product (accession number) %
Plant Growth Promotion
GFU70_26155
— pyrroloquinoline qui- P. fluorescens F113 (CP003150.1) 93.78
6 044
GFU70_26180 none biosynthesis P. fluorescens Pf275 (CP031648.1) 90.78
(pqqFABCDE)
. P. brassicacearum subsp. brassicacearum
&2559—10675 1017 %gﬁ;ﬁ‘fﬁt‘gggﬁﬁa < | NFM421 (CP002585.1) 96.45
¥ P. fluorescens F113 (CP003150.1) 96.35
P.brassicacearum BS3663 (LT629713.1) 96.93
gligi’)m—25410 618 | GTP cyclohydrolase II P.brassicacearum subsp. brassicacearum
NFM421 (CP002585.1) 96.76
bifunctional 3,4-di- P. fluorescens FW300-N2E2 97.95
GFU70_25440 hydroxy-2-butanone- (CP015225.1) :
; 1092 . .
(ribB) 4-phosphate synthase/ P.brassicacearum subsp. brassicacearum 06.98
GTP cyclohydrolase II NFM421 (CP002585.1) :
GFU70_25435 477 6,7-dimethyl-8-ribityl- P. fluorescens F113 (CP003150.1) 99.37
(ribE) lumazine synthase P.brassicacearum BS3663 (LT629713.1) 98.95
bifunctional diamino-
hydroxyphosphoribo- .
GFU70 25450 sylaminopyrimidine P. brassicacearum 1.13-6-12 96.03
(ribD) 1184 | 4eaminase,/5-amino- (CP014693.1) 95.94
. . | P.brassicacearum BS3663 (LT629713.1) :
6-(5-phosphoribosylami-
no)uracil reductase
GFU70 00875 — trvptophan svnthase P. brassicacearum 3Re2-7 (CP034725.1) 95.83
GFU70_00880 2045 Su};ﬁ’miﬁs ¥ P. brassicacearum L13-6-12 9570
(trpAB) (CP014693.1) :
GFUT0_25925 indole-3-glycerol phos- P. brass%cacearum BS3663 (LT(?‘29713.1) 95.07
(trpC) 837 hate svnthase P. brassicacearum subsp. brassicacearum
P b ¥y NFM421 (CP002585.1) 95.34
GFU70_ 25930 — . . P.brassicacearum 3Re2-7 (CP034725.1)
GFUTO 25045 | 4090 | Anthranilateblosynthe -\ by 5gicacearum L13-6-12 oA
(trpDEG) (CP014693.1) :
Phosphate Solubilization
P.brassicacearum L13-6-12 03.35
GFU70_14025 (CP014693.1) :
1926 | phytase " )
(phyC) P. brassicacearum subsp. brassicacearum 93.30
NFM421 (CP002585.1) :
P. brassicacearum subsp. brassicacearum
GFU70_25420 504 phosphatidylglycero- NFM421 (CP002585.1) 06.83
(pgpA) phosphatase A P. fluorescens FW300-N2E2 96'63
(CP015225.1) :
P.brassicacearum BS3663 (LT629713.1) 95.85
?Fg)70—25950 819 |P ﬁgigglé)glycolate phos- P. brassicacearum subsp. brassicacearum
8p p NFM421 (CP002585.1) 95.73
. . P. brassicacearum subsp. brassicacearum
?nffg—‘)g‘)% 672 g.'aﬁﬁiiﬁﬁera‘ﬁ‘éiﬁﬁﬁase NFM421 (CP002585.1) 97.02
p p P P. fluorescens F113 (CP003150.1) 96.58
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Table 2 (end)

Protein function

Locus tag Size, Strains with similar genes Identity,
or product . o
(gene name) bp (accession number) %o
bifunctional 2-poly-
prenyl-6-hydroxy-
GFU70_08100 699 phenol methylase/3- | P.brassicacearum BS3663 (LT629713.1) 96.85
(ubi@) demethylubiquinol P. fluorescens F113 (CP003150.1) 96.71
3-O-methyltransfer-
ase
Exopolysaccharides Biosynthesis
GFU70_23090 —
GFU70_23145 16 567 | aloinate biosvnthesis Pseudomonas sp. MPDS (CP054128.1) 92.60
(algDKEGXLIJFA, g Yy Pseudomonas sp. A214 (LT707062.1) 92.57
alg8, alg44)
. P. brassicacearum subsp. brassicacearum
gggg)o_z 5220 1275 %;31’;;551%‘; hzgigilsse NFM421 (CP002585.1) 97.65
yoep P.brassicacearum 3Re2-7 (CP034725.1) 97.33
Lipopolysaccharides (LPS) Biosynthesis
. . . . P.brassicacearum 3Re2-7 (CP034725.1)
8};;’},7)0—28450 2211 };ﬁ’;;glc}lom acid syn- P.brassicacearum L13-6-12 gi??
(CP014693.1) :
Secondary Metabolites With Antagonistic Activity
GFU70_16380 — cyanide-forming gly- | P. brassicacearum subsp. brassicacearum
GFU70_16390 2981 |cine dehydrogenases | NFM421 (CP002585.1) 94.77
(hcnABC) subunits P. fluorescens F113 (CP003150.1) 94.53
GFU70_11155 — . P.brassicacearum L13-6-12
GFUT0 11195 9063 | 24-dacylphloroglu- 1 cpo14693.1) 0250
(phlHGFACBDEI) 4 P. fluorescens F113 (CP003150.1) ’
pyoverdine biosyn-
GFUT0 08745 — thesis and regulation | P. brassicacearum subsp. brassicacearum
NFM421 (CP002585.1)
GFU70_08750 13 608 P.b ; LBUMS300 94.45
(pvdSL) . brassicacearum 04.44
(CP012680.1)
pyoverdine biosyn- )
GFU70_19280 — thesis and regulation | P- brassicacearum L13-6-12 05.18
GFU70_19330 46 331 (CP014693.1) 95 14
(pvdIJKDEON M P) P.brassicacearum 3Re2-7 (CP034725.1) :
aspartate amino- P.brassi 3Re2-7 (CP034725.1)
transferase . brassicacearum 3Re2- .
g€2;2—08785 1413 P.brassicacearum L13-6-12 gi?g
(CP014693.1) :
L-ornithine N5-oxy- )
GFU70_19235 | 335 genase ; grass%cacearum 3%)62-711(01)0'34725.1) 95.06
(pvdA) . brassicacearum subsp. brassicacearum
NFM421 (CP002585.1) 94.83
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membrane-bound glucose dehydrogenase.
This enzyme forms a complex with
pyrroloquinoline quinone (PQQ). The PQQ
biosynthesis gene cluster (pgqFABCDE)
is present in the S-1 genome. PQQ serves
as the redox cofactor for diverse bacterial
dehydrogenases, stimulates plant growth,
features antioxidant properties [10] and
can be directly involved in the synthesis of
antimicrobial compounds [11].

The ability to synthesize indole-3-acetic
(IAA) acid is a major property of plant
growth-promoting rhizosphere bacteria.
Tryptophan has been identified as the main
precursor for IAA biosynthesis pathways in
bacteria. The tryptophan and anthranilate
biosynthesis genes (trpAB, trpCDEG) were
identified in the S-1 genome [12].

P. brassicacearum S-1 encodes genes for
the biosynthesis of proteins with predicted
exoprotease activity (aprd, GFU70 16545,
GFU70 18035, GFU70_28710).

Plant Colonization. Exopolysaccharides
are known to be essential constituents of
biofilms facilitating colonization of plant
rhizosphere [13]. The S-1 strain harbours
several genes (algDKEGXLIJFA, alg8, alg44)
presumably directing the biosynthesis of
exopolysaccharide alginate [14]. The strain
might have the genetic potential to produce
exopolysaccharide levan since it was predicted
to harbour gene sacB (GFU70_25220) coding
for glycosyl hydrolase 68 (GH68) family
protein [15].

LPS components of bacterial cell walls
may constitute a barrier blocking the
transfer of many antibiotics. Additionally,
changes in lipid composition maintain
functions of the outer membrane in
response to environmental changes. It is
worth mentioning that P. brassicacearum
S-1 encodes lipoteichoic acid synthase
presumably involved in the biosynthesis of
lipoteichoic acid. Teichoic acid is considered
to be an essential component of biofilms
formed by gram-positive bacteria [16] but
is not typical for gram-negative bacteria.
It might be surmised that the synthesis of
lipoteichoic acid enhances the adaptation
capacity and survival rate of the S-1 strain
in plant rhizosphere.

Secondary Metabolites and Antibiotics.
Clusters pvd, phl and hcn were identified in
the S-1 genome. They are responsible for the
production of pyoverdine, phloroglucinol and
cyanide, respectively. These metabolites can
suppress the growth of a wide range of crop
pathogens [17-19].
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A detailed search for the genes controlling
the biosynthesis of secondary metabolites
using antiSMASH revealed 9 loci carrying
genes, which are supposedly responsible for
the synthesis of secondary metabolites with
antagonistic activity (Table 3).

Region No. 1 (nrps_1) shows similarity
to the gene determining the biosynthesis of
fragin in Burkholderia cenocepacia H111
(37 % identity). This genome region was
not described for closely related strains,
so we compared it to the genome region of
B. cenocepacia H111. This gene encodes
a putative metallophore responsible for
metal chelation and, therefore, antifungal
activity [20].

Region No. 2 shows 40 % identity to the
gene cluster determining the biosynthesis
of aryl polyene in Aliivibrio fischeri ES114.
Aryl polyene is regarded as a reactive oxygen
species protection agent [21].

Region No. 3 (naggn) probably determines
the synthesis of N-acetylglutaminylglu
tamine. This compound is involved in osmotic
stress adaptation [22].

Region No. 4 demonstrates high similarity
to gene cluster responsible for fengycin
synthesis in Bacillus velezensis FZB42. This
compound is known to suppress the growth of
fungal pathogens [23].

Region No. 5 (nrps_2) is similar to the
gene cluster determining the synthesis
of cupriachelin in Cupriavidus necator
H16. This siderophore is involved in the
chelation of ferric ions by their uptake
from extracellular space and transferring
into bacterial cytoplasm via ABC transpor-
ters [24].

Regions No. 6 and No. 9 are probably
involved in the synthesis of polyketide
synthases. Polyketide synthases are
responsible for the synthesis of a huge
diversity of secondary metabolites
with antimicrobial activities [25]. The
nrps_5 gene (region No. 9) is unique and
not typical for closely related strains
(homologue is found in the genome of
the strain P. mediterranea DSM 16733
(locus tags SAMNO05216476 3741 —
SAMNO05216476 _3742)). These regions
are attractive objects for exploring the
antagonistic activity of this strain.

Region No. 7 is presumably engaged in
the synthesis of antibiotic trifolitoxin. This
antibiotic features antagonistic activity
against several phytopathogens [26].

Region No. 8 (nrps_4) contains
15 genes. It demonstrates similarity with
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Table 3. Genome regions of P. brassicacearum S-1 probably responsible for the synthesis of secondary
metabolites with antagonistic activity

Re- Locus tag Size, Protein function or Strains with similar genes Ig:n-
gion (gene name) bp. product (accession number) %y,
P.brassicacearum LBUMS300
1 GFU70_01215 3540 non-ribosomal peptide | (CP012680.1) 94.72
(nrps_1) synthetase P.brassicacearum L13-6-12 92.70
(CP014693.1)
P.brassicacearum LBUM300
9 GFU70_02420 — 3612 aryl polyene biosyn- (CP012680.1) 96.32
GFU70_02435 (-) thesis P.brassicacearum 3Re2-7 96.26
(CP034725.1)
P. brassicacearum 3Re2-7
s | eroreoBs008 = | g3 | N-acetylglutaminylglu- | (CP034725.1) 96.25
(nagen) tamine biosynthesis P.brassicacearum subsp. brassi- 96.22
g8 cacearum NFM421 (CP002585.1)
P. fluorescens FW300-N2E2
GFU70_09760 — _ . . | (CP015225.1) 93.00
4 | GFUT0 09765() | 3252 |P-lactonebiosynthesis | b= o ronsis BS3779 92.38
(LT629691.1)
P.brassicacearum LBUMS300
GFU70_11525 — . . 93.98
5 | GFU7T0 11550 35 806 g?n'rﬂzﬁsomal peptide g3117>012§80.1) I 93.96
(nrps_2) iosynthesis . brassicacearum 3Re2-
— (CP034725.1)
P.brassicacearum subsp. brassi-
GFU70_11690 — 95.16
6 |GFU70 11700 5123 |polyketide synthase | Gecearum NFMA2L (CPOOZSES.1) | g5 5y
(nrps_3) . brassicacearum -6-
- (CP014693.1)
P.synxantha KENGFT3
7 GFU70_12325 — 1920 thioamitide biosynthe- | (CP014868.1) 85.02
GFU70_12330 (-) sis P. synxantha LBUM223 84.97
(CP011117.2)
P. fluorescens FW300-N2C3
g ggg;g—i‘;ggg " | 154 185 | non-ribosomal peptide | (CP012831.1) 88.00
(nrps_4) biosynthesis P.brassicacearum DF41 85.13
ps_ (CP007410.1)
GFU70 15265 — P. mediterranea DSM 16733
— . (LT629790.1) 78.65
9 &EU:(,)‘)’_)I 5270 8451 | polyketide synthase P. mediterranea S58 78.43
ps_ (CP046874.1)

the cluster involved in the biosynthesis of
antimicrobial cyclic lipopeptides nunamycin
and nunapeptin in P. fluorescens Inb. The
antimicrobial activity of nunamycin is
accounted for by its ability in Rhizoctonia
solani Ag3 mycelial growth inhibition,
whereas nunapeptin was essential to
suppress the growth of Pythium aphanider-
matum [27].

P. brassicacearum S-1 demonstrates the
potential to synthesize a variety of biocontrol-
associated compounds, including secondary
metabolites and antibiotics. Moreover, the

genetic determinants encoding unique non-
ribosomal peptide synthetases and responsible
for antimicrobial properties of studies strain
were identified. As a result, certain genetic
determinants detected by genome analysis
indicate significant biocontrol potential of
P.brassicacearum S-1.

This work was supported by the Belarusian
State Program of Scientific Research
“Biotechnology”™ for 2016-2020 (3.29,
“Microbial biotechnology”).
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AHAJI3 TEHOMY BAKTEPI
Pseudomonas brassicacearum S-1 —
AHTATOHICTIB ®ITOIIATOI'EHIB

CIJIBCBKOTOCITIOTAPCBKHUX KYJIBTYP

A.A. Mypamosa
A. E. Oxpemuyk
JI. M. Banenmosgiy

IacruryTt Mmikpo6ionorii HAH Binopyeci,
Mincer

E-mail: anya.muratova.93@gmail.com

Beryn. IItam Pseudomonas brassicacearum
S-1 e ocuoBoio Giompenapary «EKorpiu», arwuii
3aCTOCOBYIOTH JJIsI 3aXWCTY BiJ ITIaTOTeHiB OBOYe-
BUX Ta 3€JIEHHUX KYJbTYP B YMOBaX MAaJio00 €M-
HOI TiAPOIIOHIKH.

MeTto10 poboTHu OyJIO CEKBEHYBAaHHS Ta aHAJI3
HYKJIEOTHUAHOI IIOCJIiJOBHOCTI TreHOMy OaKTepii
P.brassicacearum S-1 (xkox goctyny B 6asi ganux
TeuBauk CP045701).

Metonu. IloBHOTeHOMHE CEeKBEHYBaHHA ITPO-
BoauIY 3a nonomoro:o npuiaanie MiSeq (I1lumina)
ta MinION (Oxford Nanopore), aias anaxisy mo-
cJIimoBHOCTI reHOMY 0yJI0 BUKOPUCTAHO HU3KY 0i-
OiH(OPMATUUHUX IPOTPAM.

Pe3yabraTu. I'enom mramy P. brassicacearum
S-1 ckaamaeThca 3 oAHiel KiabIlleBoi XpoMocoMu
posmipom 6 577 561 map ocuoB 3i BmicTom I'L]-mtap
60,8% . AHaji3 reHoMy JaB 3MOI'Y BUSBUTHU I'€HH,
SAKi BU3HAYAIOTH CUHTE3 IIIUPOKOr0 CIEKTPY BTO-
PUHHUX MeTaboJiTiB, III0 CTAHOBIATL 0iOTEXHO-
Joriunuii moreHItiau mramy S-1. Kpim Toro, 6y1o
BU3HAYEHO JIOKAJIi3aI[it0 MOOIJIBHNX IeHeTUYHUX
eJIeMeHTiB, TpodariB i KOPOTKUX ITOBTOPIOBAHUX
IOCJiOBHOCTEH Y MeKaxX reHoMy Irramy S-1.

BucnoBku. Busasieni reHeTrmuHi merep-
MiHAHTM  CHHTE3y  MNPAKTUYHO  3HAUYIIUX
CIIOJYK BKAa3yHTh Ha 3HAYHUHU  IIOTEHINi-
an mramy P. brassicacearum S-1 aK arenrta
010KOHTPOJIIO.

Knwouwosi cnoea: TeHOM, CeKBeHyBaHHS,

Pseudomonas  brassicacearum, BTOpPUHHI
MeTaboiTi, 6i0KOHTPOIb.
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AHAJIN3 TEHOMA BAKTEPUM
Pseudomonas brassicacearum S-1 —
AHTATOHHUCTOB ®UTOITATOTEHOB
CEJIbCKOXO03AMCTBEHHBIX KYJIbTYP
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Muwunck

E-mail: anya.muratova.93@gmail.com

Berynienue. IIramm Pseudomonas
brassicacearum S-1 aBisgeTCcs OCHOBOM Omompena-
para «JKOTPUH», KOTOPBIHA IpUMeHsAeTCA AJIA 3a-
IITUTHI OT ITATOTE€HOB OBOITHBIX U 3€JI€HHBIX KYJIb-
TYP B YCJIOBUAX MAJTO00BEMHOM TUAPOIIOHUKA.

IMeaxpro paboThHI OBLIO CEKBEHUPOBAHUE U aHA-
JIN3 HYKJEOTUAHOM II0CJIeZ0BATEIbHOCTH reHOMAa
6axTepuii P. brassicacearum S-1 (xonx mocTyma B
6ase manubix 'euBanx CP045701).

Metonst. IlosHOreHOMHOE CEKBEHUPOBA-
HHe IMPOBOAUJIN C IIOMOINbI0 mpudbopoB MiSeq
(Illumina) u MinION (Oxford Nanopore), mis
aHaJiM3a II0CJeI0BaTeIbHOCTH TeHOMa OBLI HC-
MOJb30BaH pAn OuomHGOPMATHUUYECKUX IIPO-
rpamMm.

Pe3yabpraTei. I'emom miramma P. brassica-
cearum S-1 COCTOUT M3 OOHOUN KOJBIEBOM XPOMO-
coMbl pasdmepom 6 577 561 1. H. ¢ comep;KaHUEM
I'll-map 60,8% . AHanus reHomMa MIO3BOJIUJ BbI-
SABUTH TEeHBI, OIPEJeAI0Ie CUHTE3 IITUPOKOTO
CIIeKTpa BTOPUUYHBIX METAOOJUTOB, COCTABJIAIO-
X OMOTEeXHOJIOTUUYECKUI ITOTEeHIIMAJ IIITaMMa
S-1. Kpome Toro, 6nly1a oupeaesieHa JOKAJIN3AI A
MOOMJILHBIX T€HETUUECKUX 9JIEMEeHTOB, Ipodharos
¥ KOPOTKUX IIOBTOPSAIOIIUXCS II0CTIEI0BATEIbHO-
cTeli B Ipefesiax reHoMa mramma S-1.

BreiBoab1. BeigBaeHHBIE TeHETUUECKUE TETEP-
MUHAHTBI CHHTE3a MPAKTHUUYECKW 3HAUUMBIX CO-
eIVUHEeHNI YKa3bIBAIOT Ha 3HAUYUTEJIHHBIN MOTEH-
nuaJj mramma P. brassicacearum S-1 xax areura
OMOKOHTPOJIA.

Knwuesvle cnoea: reHOM, CEeKBEeHUPOBaHUE,
Pseudomonas brassicacearum, BTOpUYHBIE MeTa-
6OJINTHI, OMOKOHTPOJIb.





