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The aim of the study. The aim was to profile 16S rRNA gene diversity and to assess functional potential of
bacterial assemblages in the rhizosphere of some unconventional vegetables grown in protected greenhouse
conditions in West Siberia.

Location and time of the study. Novosibirsk, Russia, 2016.

Methodology. At the end of the growing season in the middle of September the rhizosphere soil was collected
from the plants of wax gourd (Benincasa hispida), bitter melon (Momordica charantia), kiwano (Cucumis
metuliferus) and cowpea (Vigna unguiculata) grown on peat-based substrate in a polyethylene-protected
greenhouse that has been in operation for more than 40 years. The metagenomic DNA was extracted and
amplified with V3-V4 primers for 16S rRNA genes, and the amplicons sequenced with Illumina MiSeq. The
obtained OTUs tables were used to predict putative functions by running through the FAPROTAX database.

Main results. The rhizosphere bacteriobiome was dominated by Proteobacteria (32+11% of the total number
of sequence reads), Acidobacteria (23+7%) and Actinobacteria (18+3%) phyla, together accounting for
about three quarters of the rhizosphere bacteriobiome. In total 20 bacterial phyla were found. The
rhizosphere bacteriobiome was surprisingly diverse with Shannon index ranging 7.0-7.5. The number of the
observed operational taxonomic units (OTUs) per sample was very high, ranging 4,500-4,900, and the
potential number of OTUs estimated as 5,100-5,700; all those OTUs were evenly and equitably represented
in the bacteriobiome, and dominance indices (Simpson dominance and Berger-Parker) were very low. The
main dominant OTU represented Bradyrhizobiaceae family and accounted for just 1% on average. Overall
the study identified 27 OTUs belonging to the Bradyrhizobiaceae family, but only four of them were ascribed
to nitrogen fixation by FAPROTAX. Function prediction by FAPROTAX also suggested that bacteriobiome
had a marked potential for the carbon cycle, denitrification, aromatic compound and plant polymer
degradation, but no plant pathogens. The biggest difference in rhizosphere bacteriobiome diversity was
observed between the bitter melon and the other three vegetable crops: bitter melon had much increased
abundance of Arthrobacter and Sphingomonas as compared with wax gourd, kiwano and cowpea, and
increased number of bacterial species associated with aromatic compounds degradation.

Conclusion. Based on the finding that the studied rhizosphere bacteriobiomes were very diverse, we
conclude that the crops were able to recruit diverse microbiota from the peat-based soil substrate, which, in
its turn, means that diverse soil substrate microbiota has been sustained over several decades of the
greenhouse operation. All crops apparently shaped distinct bacteriobiomes in their rhizosphere, which
ideally should be included into studies of plant-associated bacterial diversity profiles for breeding and
sustainable production.

Keywords: rhizosphere microbiota; 16S rRNA gene amplicon sequencing; bitter melon; wax gourd; kiwano,
cowpea; West Siberia.
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INTRODUCTION

Sustainable crop production is of utmost importance for providing food, bioenergy, timber and other
plant materials for the ever-growing human population. Except for carbon, plants derive macro- and
micronutrients from soil, affecting the latter by their rhizodeposition and aboveground litter. Rhizosphere is the
primary interface between plant and soil. The rhizosphere microbiota has been recognized as an important
factor regulating the homeostasis of the host plant and influencing its fitness, and, ultimately, determining the
quantity and quality of phytomass production. Thus understanding plant-microbe interactions is indispensable
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for maintaining, increasing or restoring plant health (Berendsen et al. 2012; Trivedi et al., 2017) and
agricultural ecosystem productivity (de la Fuente Canto et al., 2020; Tian et al., 2020).

It is even more essential to understand the processes going on in the rhizosphere and their specifics
for better utilization of the microbial diversity (Vishwakarma et al., 2020) in sustainable greenhouse
production, where biotic and abiotic factors can be controlled. Further climate warming that is forecast for
the Asian part of northern Eurasia, alongside the quest for functional food, invites cultivation of new
unconventional crops in the region, both under protected and open field conditions (Naumova et al.
2019). Vegetables are one of the most essential components of human diets due to their high nutritional
value which provides carbohydrates, proteins, vitamins, and several other useful food elements. Due to
these, vegetable consumption has increased considerably. Recently such vegetable crops as wax gourd,
bitter melon, horned cucumber (kiwano), cowpea and some others have increasingly attracted attention as
supplementary sources of healthy and functional food (Fang et al., 2019; Huang et al., 2020; Zhu et al.,
2021), also in the Novosibirsk region (Fotev et al., 2019). Under protected condition the crops grow on
artificial substrates, commonly based on peat. However, except for some staple vegetable crops like
potato, tomato and cucumber, there is few data about the core and total rhizosphere bacteriobiome of
many vegetable crops and about specific mechanisms of how plants shape it (Kumar, Dubei, 2020). Such
knowledge is particularly important for crops grown in protected conditions in greenhouses, especially
operated for long time, as ultimately it will contribute to better crop performance and higher produce
quality. This actualizes studies of unconventional vegetable crops’ growth and development in the
protected field in the Novosibirsk region. The aim of this pilot study was to profile 16S rRNA gene
diversity and to assess functional potential of bacterial assemblages in the rhizosphere of the some
unconventional vegetables grown in protected greenhouse conditions in West Siberia.

MATERIALS AND METHODS

Experimental setup

The greenhouse (54°48'46.7"N, 83°06'10.2" E, Figure S1) was constructed in 1976 by removing
the top 50 cm layer of natural Phaeozem, filling the void by 10 cm of sand and a mixture of peat and
sawdust to level with the surface. Since then the greenhouse has been used for breeding vegetable crops
and maintaining their seed collections, as well as for introducing new for Russia vegetables. Over the
years once in a while (2-3 years) the same or similar substrate was added as needed and mineral fertilizers
(NPK) applied at crop-dependent rate during the growing season. In 2016, i.e. the year of sampling for the
study, the soil substrate had neutral pH (7.0), 8.9% of organic carbon, 1.3% of organic nitrogen (C:N ratio
8.8), 154 mg N-NOs/ g soil, 77 P-P,05 mg/g soil and 204 K-K,0O mg/g soil. The polyethylene-covered
greenhouse is not heated. Thus the growing season usually lasts since May till the end of September. The
plants of the accessions from the Bioresource Scientific Collection of the Central Siberian Botanical
Garden (CSBG SB RAS) UNU No. USU 440534 were used in the study. In the 2016 growing season the
following vegetable crops were planted: wax gourd Benincasa hispida (Thunb.) Cogn., bitter melon
Momordica charantia L., kiwano (horned cucumber) Cucumis metuliferus E.Mey and cowpea Vigna
unguiculata (L.) Walp. at the density of 2 plants per m*; each crop on a subplot of ca. 5.3 m*.

Soil sampling

At the very end of the growing season (Figure S2, A-D) four plants were chosen at random from
each crop subplot; then from each two of them rhizosphere soil was collected as the soil strongly adhering
to 1-3 mm thick roots after gentle shaking over polyethylene (Zhao et al. 2010) and bulked together to
produce two individual samples for each crop. Thus eight individual soil samples were collected. The
samples were brought into the laboratory and stored at —20°C prior to DNA extraction.

Extraction of total nucleic acid from soil

Total DNA was extracted from the soil samples using the DNA isolation Kit (DNeasy PowerSoil
Kit, Qiagen, Germany) as per manufacturer’s instructions. The bead-beating was performed using
TissueLyser II (Qiagen, Germany) 10 min at 30 Hz. The quality of the extracted DNA was assessed by
the spectrophotomer NanoDrop ND-1000 (Thermo Fisher, USA), by agarose gel electrophoresis and pilot
PCR. No further purification of the DNA was needed.

16S rRNA gene amplification and sequencing

The 16S DNA region was amplified with the primer pair V3/V4 combined with Illumina adapter
sequences (Fadrosh et al. 2014). Amplification was performed by polymerase chain reaction (PCR) as
described by Igolkina et al. (2018) in three replicates for one DNA sample used as template. A total of
200 ng PCR product from each PCR replicate were pooled together and purified through MinElute Gel
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Extraction Kit (Qiagen, Germany). The obtained libraries were sequenced with 2 x 300 bp paired-ends
reagents on MiSeq (Illumina, USA) in SB RAS Genomics Core Facility (ICBFM SB RAS, Novosibirsk,
Russia). The read data reported in this study were submitted to the GenBank under the study accession
PRINAPRINA702204 (https://www.ncbi.nlm.nih.gov/bioproject/PRINA702204).

Bioinformatics and statistical analysis

Raw sequences were analyzed with the UPARSE pipeline (Edgar, 2013) using Usearch v11.0. The
UPARSE pipeline included the merging of paired reads; read quality filtering; length trimming; merging
of identical reads (dereplication); discarding singleton reads; removing chimeras and operational
taxonomic unit (OTU) clustering using the UNOISE-OTU algorithm (Edgar, 2016a). The OTU sequences
were assigned taxonomically using the SINTAX (Edgar, 2016b) and 16S RDP training set v.16 (Wang et
al., 2007). After quality filtering and chimera removal overall 8743 OTUs were found; 23 of them
represented Archaea and were removed from further analyses. Taxonomic structure of thus obtained
bacteriobiome, i.e. bacterial part of the microbiome which is defined by J.R. Marchesi and J. Ravel
(2015) as referring “to the entire habitat, including the microorganisms (bacteria, archaea, lower and
higher eurkaryotes, and viruses), their genomes (i.e., genes), and the surrounding environmental
conditions”, was estimated by the ratio of the number of taxon-specific sequences reads to the total
number of sequence reads (relative abundance of taxa, expressed as a percentage). The obtained OTUs
tables were used to predict putative functions by running through the Functional Annotation of
Prokaryotic Taxa (FAPROTAX, v.1.2.4) database (Louca et al., 2016), available at
http://www.zoology.ubc.ca/louca/FAPROTAX.). Thus some of the OTUs identified in the study were
assigned functionality or environment niche. Biodiversity indices calculated with the help of the PAST
3.19 software (Hammer et al., 2001). The data were represented as a mean.

RESULTS
Taxonomic richness of the rhizosphere bacteriobiome

After quality filtering and chimera removal overall 8720 bacterial OTUs were found in the
rhizosphere samples. The 16S amplicon sequence reads datasets were analyzed by individual rarefaction
(Figure 1): the number of OTUs detected, reaching a plateau with increasing number of sequences,
showed that the sampling effort was close to saturation for all samples, thus being enough to compare
diversity (Hughes, Hellmann 2005).
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Figure 1. Rarefaction curve for the studied rhizosphere soils. The samples are not specified as all
lines are close to each other.

The number of OTUs per sample averaged 4,713, ranging 4,400-5,000. In total 20 bacterial phyla
and 53 identified and 15 non-identified (below the phylum level) classes were found. Quite a lot of OTU-
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level clusters (19% of the total number of OTUs, or 14% of the total number of sequence reads) could not
be classified below the domain level, most likely signifying their absence in the database. The most OTU-
rich phylum was Proteobacteria with 2,552 OTUs (29% of the total number of OTUs), followed by
Acidobacteria with 1,724 OTUs (20%) and Actinobacteria, represented by 1,384 OTUs (16%).

Taxonomic structure of the rhizosphere bacteriobiome

As for the relative abundance of taxa, assessed by the ratio of a taxon-specific sequence to the total
number of sequence reads, the rhizosphere bacteriobiome of the studied vegetables was dominated by
Proteobacteria (32£11% of the total number of sequence reads), Acidobacteria (23+£7%) and
Actinobacteria (18+£3%) phyla (Figure 2, A). Summed up, the joint abundance of these dominant phyla
comprised more than three quarters of the rhizosphere bacteriobiome. Other prevailing phylum was
Bacteroidetes with its 4.3£1.6%. The phyla Gemmatimonadetes, Firmicutes and cand.Saccharibacteria
each accounted for ca. 1%, being minor dominants. The rest of the identified phyla were quite negligible,
contributing less than 1.0% each. Unclassified Bacteria, however, comprised 16% on average.

At the class level Actinobacteria, averaging 17.6+3.2% was the most abundant (Figure 2, B),
followed by Alphaproteobacteria (15.4£5.3%) and Acidobacteria group 6 (14.2+5.2%).
Betaproteobacteria and Deltaproteobacteria contributed slightly over 2% each into the total
bacteriobiome. Other Acidobacteria classes, i.e. groups 16, 3 and 4, accounted for 1-4% each. At the
order level, some unclassified Bacteria were the most abundant, followed by Acidobacteria group 6
Rhizobiales, Actinomycetales, Gaiellales and unclassified Actinobactria (Figure 2, C).

At the OTUs level, the structure was very even and equitable: only 7 OTUs had relative abundance
ranging from 0.5 to 1.1%. The main dominant OTU represented Bradyrhizobiaceae family and accounted
for just 1.1%. Other dominants represented Spartobacteria class (one OTU with 0.8%), Acidobacteria
group 16 (one OTU with 0.7%), Sphagnomonas genus of the Alphaproteobacteria (two OTUs with
0.5-0.7%) and Actinobacteriales and Gaiellales orders of Actinobacteria class (also two OTUs with
0.5-0.7%). Overall such low relative abundance for an OTU together with a very high number of OTUs
detected resulted in very high diversity indices and extremely low dominance indices (Table 1).
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Table 1
Bacteriobiome a-diversity indices in the rhizosphere soil of vegetables grown in a greenhouse
Vesetable Observed
cgro OTUs Chao-1 Shannon Dominance Berger-Parker | Evenness
P richness

Wax gourd | 4515462 a* 5162+33 a 7.5240.03b | 0.001+0.000 a | 0.008+0.000a | 0.41+0.01 b

Bitter melon | 4526+167 a 5353+213 ab | 6.96+£0.13 a 0.005+0.000 b 0.036+0.004 ¢ | 0.23+0.02 a

Kiwano 4900£18 b 5551449 be 7.62+0.02b | 0.001+£0.000a | 0.013+0.003 ab | 0.42+0.01 b

Cowpea 4911200 b 5730+187 ¢ 7.53+0.06b | 0.001+0.000a | 0.016+0.001 b | 0.38+0.01 b

*Different letters in columns indicate that the values differ at P<0.05 level (LSD test).

Principal components analysis revealed some separation of soil samples from different crops, the
replicates being close to each other. Similar pattern of sample relationship was obtained by extracting
principal components from one data matrix with OTUs’ relative abundance as variables for analysis and
from another data matrix with the number of OTUs assigned to a certain function/niche in the
FAPROTAX database as variables for analysis. In the first case (Figure 1, A), most of the variance in PC
1 was due to the Arthrobacter sp.(Actinobacteria) and OTUs, belonging to Acidobacteria Group 16 and
Sphingomonas genus, at the negative pole (together with bitter melon), and unclassified OTUs, belonging
to Actinomycetales, Acidobacteria Group 6 and Bacteria, at the PC 1 positive pole (together with wax
gourd, kiwano and cowpea).

Putative functions in the rhizosphere bacteriobiome

At the date of analysis the FAPROTAX database contained information about 92 functional
groups. The overwhelming majority of the total number of OTUs, precisely 7574, or. ca. 87%) found in
this study, could not be assigned to any of those groups. The rest 1146 OTUs were assigned to 50 groups,
with some of them being assigned to more than one functional group. Overall function prediction by
FAPROTAX suggested that the core bacteriobiome had a marked potential for the carbon cycle, nitrate
metabolism, aromatic compound degradation, cellulolysis, and xylanolysis, but no plant pathogens and
few human ones. The principal components analysis of the data matrix with the number of OTUs (not
their relative abundance), assigned to specific functions, as columns, i.e. variables for the analysis, and
rhizosphere samples as rows, i.e. cases, revealed (Figure 1, B) that most of the data variance in PC 1 was
due to the chemoheterotrophy, aromatic compounds degradation and cellulose and chitin lysis at the
negative pole (together with bitter melon samples), and mineral N, C and S transformation and
xylanolysis at the PC 1 positive pole (together with wax gourd, kiwano and cowpea). Naturally,
chemoheterotrophy was by far the most OTU rich function. As nitrogen is one of the most important plant
nutrients in peat-based soil substrates, so the number of OTUs ascribed to nitrogen-related functions was
of special interest. Nitrate reduction was second-ranked in species richness, with 91 OTUs of Gaiella
occulta (Actonobacteria phylum), 32 OTUs of the Proteobacteria phylum, 14 OTUs of Opitutus terrae of
the Verrucomicrobia phylum. Nitrification potential was ascribed to 35 OTUs: 25 of unidentified
Nitrospira (Nitrospirae phylum) and 9 of Nitrosospira (Proteobacteria phylum). Nitrogen fixation was
identified for six OTUs of the Proteobacteria phylum, 4 of them representing Bradyrhizobium genus, one
Beijerinckia sp., and another one Azotobacter salinestris.
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Figure 3. Principal components analysis of the data matrices with relative abundance of bacterial
taxa (A) and with the number of OTUs assigned to specific functions (B) as variables for analysis:
location of variables and rhizosphere soil samples in the plane of the first two principal components.
Abbreviations used: WG — wax gourd, BM — bitter melon, K — kiwano, C — cowpea; CHT —
chemoheterotropy; HCD — hydrocarbon degradation.

DISCUSSION

By examining bacterial 16S rRNA gene sequence diversity we found that the rhizosphere bacteriobiome
of the studied vegetables was dominated by Proteobacteria, Acidobacteria and Actinobacteria, together
accounting for ca. 75% of the total number of sequence reads. We could not find information about
bacteriobiome diversity in the rhizosphere soil of the same vegetable crops or in the bulk soil where they grow.
Although one can find some articles allegedly devoted to bacterial diversity in the rhizosphere of vegetable crops,
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they described culturable bacteria, often without taxonomic attribution (Singh et al., 2017). Therefore we can
compare the rhizosphere bacterial profiles obtained in our study with similar studies of more economically
important and hence better studied vegetables crops like cucumber. The latter was reported to have similar
composition of rhizosphere bacteriobiome at the phylum-level (the three of them together accounting for
ca.70%), but Actinobacteria was second-ranked in relative abundance (Wang et al., 2018). Yet another study
from China about the rhizosphere bacterial diversity of cucumber plants grown in soils covering a wide range of
cucumber cropping histories and environmental conditions found that the three main dominant bacterial phyla
were Proteobacteria, Bacteroidetes and Actinobacteria (Tian, Gao, 2014). Comparison with the rhizosphere
bacteriobiome of husk tomato, grown in the same year in the same region (Naumova et al., 2019), but on loamy
arable Phaeozem in the open field, showed that there the bacteriobiome structure, at least at the higher taxonomic
levels, was quite similar to the found in this study. The same phylum-level bacteriobiome structure was also
found in the rhizosphere of sugarcane (Zhao et al., 2020) and canola (Floc'h et al., 2020).

Notably, FAPROTAX found nitrate transformation functions, namely denitrification/nitrification, to be
the most species-rich (after chemoheterotrohy), which is quite reasonable in the greenhouse soil substrate
receiving mineral NPK fertilizers with nitrogen as nitrate. We did not find plant pathogenic bacteria in the
entire plethora of OTUs identified in the rhizosphere of vegetables. Together with the fact that no disease
afflicted the plants during the growing season at the end of which the sampling was performed, it suggests that
the greenhouse soil substrate is either disease-suppressive (Berendsen et al., 2012; Trivedi et al., 2017), or just
lacks the pathogens for these rather novel crops. However, partially this finding resulted from the
incompleteness of FAPROTAX, as there are many yet unidentified and unculturable bacteria. It should be
emphasized that the database has been initiated “by classifying >30,000 marine microorganisms into metabolic
functional groups” (Louca et al., 2016, p. 1272), which may explain that a) no plant pathogens were found, and
b) very low percentage (13%) of the total number of OTUs assigned to some functions/niches. Such low
percentage may imply that the database does not represent adequately soil bacteria. Moreover, there is a basic
methodological flaw in the database, as there is no consistency in the terminology used by the authors to
describe metabolic functions: for instance, “chemoheterotrophy” alongside with “plant pathogens”,
“aromatic_compound degradation” alongside with “human gut”, etc. From these two examples it is obvious
that the predicted functions are not exclusive. In addition, functional groups there are often nested: for
example, all taxa associated with aerobic chemoheterotrophy are also within chemoheterotrophy. It raises
another issue about how relative abundance of OTUs assigned to certain functions can be calculated, which is
what many researchers did (as an example see Zhou et al., 2020). Because of this we analyzed only the number
of OTUs for certain functions, rather than their relative abundance, to get a glimpse of the database
performance with soil data: we tend to conclude that currently the FAPROTAX output is quite limited and
often confusing to interpret. Moreover, one should be well aware that the number of OTUs, allotted to certain
functions/environmental niches by the FAPROTAX database, is indicative only of a certain potential
functionality and by no means of the actual respective functional performance and/or functional bacterial
assemblage structure.

Although the definition of rhizosphere as the volume of soil affected by exudates from plant root
tissues (Pinton et al., 2007) is rather straightforward and unequivocal, operationally it is rather
challenging to determine the boundaries of thus affected soil volume and collect soil samples
appropriately. Besides, the rhizodeposition may differ between roots of different age/thickness, the effect
varying between different cultivars/crops/species (Rovira, 1959; Singh et al., 2017); all these factors may
add to the variation among rhizosphere microbiomes. With this in mind, we believe that close location of
the two individual rhizosphere soil samples from each crop in the plane of the first two principal
components (Figure 2) may indicate good replication and low intra-crop variability. Notably, among the
studied samples we found the similar pattern of relationship, obtained by principal components analysis
of the two data matrices with different kind of variables: 1) the matrix with relative abundance of OTU’s
sequences in the total number of sequences, generated in the study, and 2) the number of OTUs ascribed
to a certain function/niche in the FAPROTAX database. As those variables are by no means correlated,
the similarity in the samples’ relationship pattern confirms differences in functional and taxonomic
diversity between bitter melon and other crops in this study.

Our finding that bacteriobiome variation within one family (Cucurbitaceae) may be much more
pronounced than the variation between different families (Cucurbitaceae and Fabaceae) implies that
variation in crops’ phytomass chemistry, and in particular between bitter melon and wax gourd (Yu et al.,
2019; Zhu et al., 2021), may be the factor, primarily responsible for shaping the bacteriobiome diversity
and consequently, the revealed pattern of the studied samples relationship. The spectra of cucurbitacins, a
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group of bitter and highly oxygenated tetracyclic triterpenes that are produced by cucurbits, although
structurally related, but yet unique species-specific products (Zhou et al., 2016); they might contribute to
shaping not only the entire bacteriobiome, but also to the absence of plant pathogenic species.

We found a surprisingly diverse bacteriobiome in the rhizosphere of some vegetable crops grown
on peat substrate in polyethylene-protected greenhouse that has been in operation for more than 40 years.
The a-diversity indices, calculated in this study, are comparable with the indices calculated for the husk
tomato grown in the open field in the same region (Naumova et al., 2019); for the rhizosphere
bacteriobiome of other vegetables, like cucumber (Wen et al., 2020) and other crops (sugarcane, Zhao et
al., 2020). Therefore it seems that the chemical diversity of root exudates (Rovira, 1969; Uren, 2000;
Zhalnina et al., 2018), i.e. compounds, easily available for microbial utilization, can recruit and sustain
high bacterial species diversity in rhizosphere even after the long-term use for greenhouse crop
production. As reduction in soil microbial diversity was shown to be associated with the burst of soil-
borne plant diseases (Mazzola et al., 2004), the high biodiversity in this study apparently contributed to
healthy status of the vegetables.

One should always bear in mind that proportions of gene copy numbers, be they 16S rRNA or
functional genes, are not entirely synonymic with the number of the relevant organisms present and the
intensity of the processes they perform. In fact, few publications report revealing microbial community
structure-process links (Bier et al., 2015). Therefore microbiome profiles provide just scaffolding for
constructing more comprehensive and/or targeted research.

CONCLUSION

To the best of our knowledge, here we present the first study describing bacteriobiome in the
rhizosphere of several unconventional for West Siberia vegetable crops, such as bitter melon, wax gourd,
kiwano and cowpea, grown on peat-based soil substrate in the greenhouse, using high-throughput
sequencing techniques. We believe the obtained information will help focusing further more extensive
research on rhizosphere microbiome as related to plant host and soil environment and also serve as a
reference for comparing other data, as well as for meta-analysis. Based on the finding that the studied
rhizosphere bacteriobiomes were very diverse, we conclude that the crops were able to recruit diverse
microbiota from the peat-based soil substrate, which, in its turn, means that diverse microbiota has been
sustained over several decades of the greenhouse operation. All crops apparently shaped distinct
bacteriobiomes in their rhizosphere, which ideally should be included into studies of plant-associated
bacterial diversity profiles for breeding and sustainable greenhouse production. As an important plant-
associated characteristic, rhizosphere microbiota deserves more comprehensive research by combined
metagenomic and general microbiological techniques, which will most likely find novel taxa and/or novel
ecotypes and relate them to certain functions. We believe that such knowledge will be extremely helpful
in the future for shaping plant-associated artificial microbiota for quality yields of functional food
production under hydroponics conditions.
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XAPAKTEPUCTUKA BAKTEPUOBUOMA PU30C®EPHI TEILIMYHBIX OBOIIEN:
TAKCOHOMMWYECKOE PASHOOBPA3HUE U ®YHKIIMOHAJIBHBIE I'PYIIIIbI

©2020 H. b. Haymosa ', O. A. CaBenkos ', T. 0. Anmuxuna — 2 10. B. ®otes’

'®IBYH Hucmumym nousosedenus u aezpoxumuu CO PAH, npocnexm Axademuxa Jlaspenmuesa, 8/2, 2.
Hosocubupck, 630090, Poccusa. E-mail: naumova@issa-siberia.ru, savenkov@issa-siberia.ru
‘®IBEYH Hucmumym xumuueckoii 61uono2uu u pynoamenmanshol
meouyunvt CO PAH, npocnekm Axademuxa Jlaspenmvesa, 8, 2. Hosocubupck, 630090, Poccus.
E-mail: alikina@niboch.ru
S ®rByH Lenmpanvuwiti Cubupcxuti 6omanunecxuti cao CO PAH, 3oromodonunckas, 101, e. Hosocubupck,
630090, Poccus. E-mail: fotev_2009@mail.ru

Lenv uccneoosanus. Lenvio uccnedosanus 6vl10 uzyuerue pasHoobpasus nociedosamenvhocmel 2enog 16S
PpPHK u oyenxa ¢yuxyuonanoho2co nomeHnyuana OAKmMepuaibHulX ancamobnei puzocpepvt HEeKOMOpbIX
HempaouyuoHHbIX 0151 CMPAHbl 080Wel, BbIPAWUBACMBIX 8 YVCIOBUAX 3AWUWEHHO20 2SPYHMA HA H2e
3anaonoii Cubupu.

Mecmo u épemsa uccnedosanusn. Hosocubupck, 2016.

Memooonozun. B cepedune cenmsabps 6 Konye 6e2emayuoHHO20 Ce30Ha omobpanu o0pazyvbl NO4Ebl
pusocgepvl pacmenuti benunxasvl (Benincasa hispida), momopouxu (Momordica charantia), xusarno
(Cucumis metuliferus) u euenvt (Vigna unguiculata), evipawennvix na mopgsanom nougocybcmpame 8
VCA0BUAX 3AWUWEHHO20 SPYHMA Menauysl, dKcnayamupyemou 6oaee 40 nem. Memazenomnuyro JHK
aKcmpazuposany, amnauguyuposaru ¢ nomowppio V3-V4 npaiimepos x ceny 16S pPHK, u amnauxonvl
cexsenuposanu Ha Illumina MySeq. Ilonyuennvie onepayuonnvie maxconomuveckue eounuywvi (OTE)
UCNONL306aAIU OJIS1 GbISIGNICHUS. DYHKYUOHATIbHBIX 2pynn ¢ nomowbio 6azel dannvix FAPROTAX.

Ocnosnvle pesynomamol. B Oaxmepuodbuome puszocghepvl OOMUHUPOSATU NPeOCmAgument munos
Proteobacteria (32€11% om obwezo uucra nocredosamenvrocmett), Acidobacteria (23+7%) u
Actinobacteria (18+3%), nocnedoeamenvHocmiu KOMOPbIX 8 CYMMe COCMASIANU MpU Yemeepmu 00U
pusocgheproeo  b6axmepuobuoma. Bceeo 6vino evisigreno 20 munoe 6bakmepuil. buopaznoobpasue
bakmepuobuoma pusocgepsbl 0KA3ANOCH OYEHb BbICOKO. MaK, UHOeKc a-ouopaznoobpasus I[llennona
sapvuposan 7,0-7,5. Yucno gviagnenuvix OTE (8udogoe pasnoobpasue) 6bino modice 8bICOKO, 8apbUpys HO
obpasyam 4500—4900, ¢ mo epems xak oyenxka nomenyuanvhoeo uyucia OTE (undexc Kao-1) cocmasuna
5100-5700 OTE na obpazey. Bce OTE 6vinu pagnomepno pacnpedeneHvl 8 baxmepuoodouome, u UHOEKCbl
oomunuposanus (Cumncona u bepzep-Ilapxepa) 6vinu ouenv nusku. Ocnoenoii domunanm, Ho ecezo ¢ 1%
OMHOCUMENLHO20 00UNUs, OMHOCULC K cemeticmgy Bradyrhizobiaceae; 6ceco 6wino eviseneno 27 OTE
amoeo cemeticmea, ooHaxo FAPROTAX evisisuna ececo uemvipex azom@urcamopos cpeou wux. B yenom
8bIAGIEHNbIE (YHKYUOHATbHbIE 2PYNNbL YKA3AAU HA OOMbWION NOMeHyuan OaxmepuanbHvlx ancamonen 6
nlaHe npoyeccos mpancgopmayuu yenepooda, oeHumpugurayuu, 0ecpadayuu apoMamuyeckux coeOuHeHul
U pacmumenbHbIX NOIUMEPOS;, NAMO2EHO8 pacmeHull He Ovlio evlaeneno. Haubonvwas pasnuya Ovina
BbIAGIEHA MENCOY MOMOPOUKOU U OCHMATLHBIMU OBOUWHBIMU KYAbMYPAMU. 8 puzocgepe MOMOpOUKu
0Ka3an0ch nosvluleHo omuocumenvHoe oobuiue Arthrobacter u Sphingomonas u uucno OTE, cnocobHuvix k
dezpaoayuu apomMamuyeckux coeOuHeHull.

3aknrouenue. Buviasnennoe @vicokoe 6OuopasHoobpasue baxkmepuobuoma puszocghepvl 0BOUHBIX KYAbMYD
n0360AeM  3aKIIOYUMb, UYMO MU O0B0WHbIE KYIbMYPbl YCHEWHO NPUSTEKATU CBOUMU KOPHEeSbIMU
BbIOENCHUAMU PAZHOOOPAZHYI0 MUKDOOUOMY U3 MENIUYHO20 MOPPAHO20 NOY8OCYOCMpama, 4mo, 8 Coio
ouepedv,  ceudemenvcmeyem O  6bICOKOM  OUOpPA3HOOOpA3UU  MUKpOOUOMbBL,  cyujecmsyoujeli 6
nougocybcmpame meniuybl Ha NPOMANCEHUU ee OAumenvhou xcnayamayuu. Hecmomps na cxodcmeo
MAKCOHOMUYECKOU CMPYKmypbl baxmepuoduoma puzocgepul, 6blagieHHble O0CODEHHOCMU PA3TUUHBIX
KYIbmMyp NOOMEEPHCOAIOM Heo0OXOOUMOCHb  GKIOYEHUs. U3YUEeHUss OAKMepuaibHo20 pasHooopasus 6
npospamMmbl cenekyul U ompadomKu mexHoI02ull MeniuuHo20 POU3B00CMEa 08oUell.

Knroueevie cnosa: muxpodbuoma puzocgepwvi; cexgenuposaue amniuxoros cenog 16S pPHK,; momopouka;
benunkaza, Kueano, sueHa; 3anaonas Cubupb.

Humuposanue: Naumova N. B., Savenkov O.A., Alikina T.Yu., Fotev Yu.V. Characterization of the core
bacteriobiome in the rhizosphere of greenhouse vegetables: taxonomic diversity and putative functions // [lougvl u
oxpyacarouas cpeoa. 2020. Tom 3. Ne 3. el28. DOI: 10.31251/pos.v3i3.128
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