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SYMBIOTIC POTENTIAL OF BRADYRHIZOBIUM
JAPONICUM STRAINS WITH DIFFERENT GROWTH
RATES

Aim. To study genetic properties of soybean nodule bacteria with different growth
rates, to research the ability of rhizobia to produce phytohormonal substances and estimate
their symbiotic potential in the conditions of combined inoculation and mono-inoculation
of soybean plants. Methods. Sequencing of the 16S-23S rDNA intergenic spacer of soybean
rhizobia was performed on ABI 3130xI Genetic Analyzer. Determination of the qualitative
and quantitative composition of phytohormones in culture liquid of Bradyrhizobium ja-
ponicum strains was performed by SDTLC-chromatography of high resolution. Symbiotic
potential of the strains was estimated in the field experiment in Polissia area of Ukraine.
Results. It has been established that strains of soybean nodule bacteria with different
growth rates by the structure of ITS region belong to different genetic groups: USDA 6,
USDA 110 and USDA 123. The studied rhizobia differ in the levels of extracellular phy-
tohormones synthesis. the slow-growing B. japonicum strain 46 produces more amounts
of auxins, but the intensive-growing B. japonicum strain KB11 significantly exceeds in the
amounts of cytokinins. It has been shown that an important factor of increasing soybean
productivity is the formation of balanced symbiotic systems of the host plant with several
complementary strains but serologically and genetically different strains of rhizobia of
the same species. Conclusions. Combined inoculation of soybean seeds with two active
strains B. japonicum 46 and B. japonicum KBI11 allows more fully realizing the potential
of symbiotic partners and receiving the higher yield.

Key words: Bradyrhizobium japonicum, soybean, 16S-23S rDNA (ITS-region),
auxins, cytokinins, competitiveness.

Recently, more attention is paid to research of nodule bacteria soil
populations and their interaction with the strains—inoculums and a host plant
[1]. These researches are necessary to understand the mechanisms responsible
for the formation of genetic diversity of rhizobia in natural ecosystems and
agrocenoses.

According to the literature typical microsymbionts of cultural soybeans in
soils of Ukraine are the slow-growing bacteria of Bradyrhizobium japonicum
species [2]. When monitoring soybean rhizobia populations across the country,
for the first time among microsymbionts of this culture we have isolated the
strains characterized by higher growth rate and conventionally called “strains
with intensive growth rate”. These strains have a complex of characteristic
features and significantly differ from typical slow-growing soybean nodule
bacteria in morphological, cultural, physiological, chemotaxonomic and
serological properties [3, 4]. It has been established that strains with intensive
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growth rate are characterized by better survival in the soil compared to slow-
growing nodule bacteria [5, 6].

Research of symbiotic features of isolates from soil soybean rhizobia
populations allowed selecting the most active strains with different growth
rates. Given that in soils of Ukraine along with typical slow-growing nodule
bacteria there are rhizobia with intensive growth rate, it is important to research
their relationships with each other and with a host plant.

According to many researchers, symbiosis of micro- and macroorganisms
is significantly affected by phytohormonal substances, in particular auxins and
cytokinins. Evaluation of producing growth-stimulating substances by nodule
bacteria can be used for screening of the effective strains and analysis of their
interaction with a plant [7-9].

The aim of the work was to study the genetic properties of soybean nodule
bacteria with different growth rates, to research the ability of rhizobia to
produce phytohormonal substances and to estimate their symbiotic potential
in the conditions of combined inoculation and mono-inoculation of soybean
plants.

Materials and methods. The objects of research were strains of soybean
nodule bacteria with slow (B. japonicum 46, KC23, KH10) and intensive
(B. japonicum KB11, C1KB, KC19, KC22, KC91, CK7) growth rates,
active strain (B. japonicum MS), standard (B. japonicum 634b) and typical
(B. japonicum USDA 6" = VKM B-1967) strains.

Cultivation of bacteria was carried out in flasks (750 ml) on a rotary shaker
(220 rev/min) at 26-28 °C on liquid mannitol—yeast nutrient medium with such
composition (g/1): mannitol — 10.0; yeast extract — 2.0; calcium gluconate — 1.5;
K HPO, - 0.5; MgSO, — 7H,0 - 0.2; NaCl - 0.1; FeCL, - 6H,0 - 0.01; pH 7.2.
Cultures of B. japonicum in the exponential growth phase (92-96 h) grown in
the same medium were used as the inoculum. The amount of inoculum was
5 % volume of the medium.

To separate the biomass the culture liquid of bacteria was centrifuged for
20 min at 9000 rev/min and at + 4 °C. Cells of bacteria were washed with
saline thrice in order to clean them from exopolymer residues, each time they
were centrifuged under the same conditions. The supernatants were used for
further research to extract phytohormonal compounds. The residue of cells
was suspended in distilled water, then dried at 103—-105 °C in a desiccator
until constant weight. The amount of absolutely dry biomass (ADB) of
microorganisms was determined gravimetrically.

Determination of qualitative and quantitative composition of
phytohormones in culture liquids of strains B. japonicum 46 and B. japonicum
KBI11 was performed by the SDTLC-chromatography of high resolution
[10, 11]. Extracellular phytohormones were isolated from supernatants of
nodule bacteria by the method described in [12]. Quantitative determination
of auxins, cytokinins and abscisic acid was carried out by using a scanning
spectrodensitometer ( “Sorbfil”, Russia Federation). Amount of extracellular
phytohormones was calculated in mcg per 1 g of absolutely dry biomass
(ADB) of producent. The standards were synthetic phytohormones Sigma—
Aldrich (Germany) and Acros Organic (Belgium): auxins — indole-3-acetic
acid, indole-3-butyric acid, indole-3-carboxylic acid, indole-3-carbinol,
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indole-3-acetic hydrazide, indole-3-carboxaldehyde; cytokinins — zeatin, trans-
zeatin-riboside, kinetin, 6-(y,y-Dimethylallylamino)purine (N°®-(2-Isopentenyl)
adenine), isopentenyl adenosine and abscisic acid.

The ability of strains B. japonicum 46 and B. japonicum KB11 to produce
growth stimulating substances was investigated in a bioassay with common
bean cuttings (cultivar ‘Lopata’) using dilutions of culture liquids in a 1:10,
1:50, 1:100, 1:200 and 1:500 ratio with water by the standard method. The
controls were the tap water and the preparation—standard — indole-3-acetic acid
(IAA) in concentrations of 10~ M.

When studying genetic properties of soybean rhizobia strains, DNA were
isolated from 7 day cultures using a set “DNA-sorb B”. For amplification
of 16S-23S rDNA intergenic spacer (ITS-region) the primers were used:
FGPS1490-72 5’-TGCGGCTGGATCCCCTCCTT-3" and FGPL132-38 5’-CC-
GGGTTTCCCCATT-3’ [13, 14]. Sequencing was performed on ABI 3/30xI/
Genetic Analyzer. Comparative analysis of sequences obtained and sequences
from GenBank database was performed using software BLASTN (version
2.2.22). The phylogenetic tree was constructed with program MEGA 3.1 using
the algorithm Neighbor-Joining NJ.

The field research was carried out in conditions of Polissia of Ukraine
(Institute of Agricultural Microbiology and Agro-industrial Manufacture
NAAS, Chernihiv city) on the leached black soil. Inoculation load in all variants
was 200-300 thousand cells per 1 seed. When applying combined inoculation
of soybean with rhizobia strains with different growth rates, they were used in a
ratio of 1:1. Previously, it had been established that this combination of strains
was more effective than mono-inoculation. The seeds of soybean cultivar
‘Ustia’ were used. The repetition of the experiment was quadruple. The area of
a record plot was 6 m?. Placing of record plots was randomized.

Polyclonal O-antisera to soybean rhizobia strains with different growth rates
(B. japonicum KB11, 46, M8 and 634b) were obtained as it was described
in [15]. Competitiveness of strains was determined using the reaction of
agglutination [15].

Activity of symbiotic nitrogen fixation was measured by acetylene method
using a gas chromatograph “Chrom-4" (Czech Republic).

Statistical processing of data was performed by standard methods and the
software Statistica 7.0 was used.

Results and discussion. Genetic properties of soybean nodule bacteria. We
have determined the phylogenetic affinity of soybean nodule bacteria strains
with different growth rates, isolated from soils of Chernihiv, Kyiv, Sumy and
Vinnitsa regions. As the molecular marker a taxonomically important area of
DNA was used, such as intergenic spacer 165S-23S rDNA (ITS-region).

Comparative analysis of nucleotide sequences of ITS-region of slow-
growing strains B. japonicum 46, KC23, KH10 and 634b has shown that they
belong to two different genetic groups (Fig. 1). Accordingly to the phylogram,
strains B. japonicum 46, KC23 and KH10 formed one cluster (group of
USDA 6), whereas the standard B. japonicum strain 634b was included in
another cluster (group of USDA 110).

All the intensive-growing strains (B. japonicum KB11, KC19, KC22, KC91,
CK7, C1KB) — representatives of different populations — formed one group
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Fig. 1. Phylogenetic tree designed based on the comparative analysis of sequences
of intergenic region 16S—-23S rDNA of soybean nodule bacteria with the use of the
Neighbor-Joining algorithm. The scale corresponds with 1 substitution to 100 founding
pair (evolutionary distances). The figures show the statistical reliability of branching
order (in %), which is estimated with the help of “bootstrap” — the analysis of 1000
alternative tree

of strains phylogenetically distant from slow-growing rhizobia. Their ITS
sequences were 99.5-99.8 % similar to the sequences of strains B. japonicum
USDA 123 and B. japonicum USDA 127 (from GenBank), which belonged to
serogroup 123 known in the literature. A special feature of these strains is the
greater saprophytic competence, i. e. the ability of nodule bacteria to survive
in soil without a host plant [16]. We should note that obtained strains with
intensive growth rate also survive better in soil and are dominant in many local
populations of soybean rhizobia [5].

Thus, in soils of Ukraine there are both the typical slow-growing soybean
nodule bacteria and strains with intensive growth rate. They differ in genotypic
as well as phenotypic properties, which may determine the specifics of
interaction of strains among themselves and with a host plant.

Production of phytohormones by strains Bradyrhizobium japonicum. In
laboratory experiments, we studied the ability of strains belonging to different
genetic groups (USDA 6 and USDA 123) to synthesize phytohormonal
compounds. We used strains B. japonicum 46 and B. japonicum KBI11
both separately and together in a 1:1 ratio. It was found that in cuttings of
common bean cultivar ‘Lopata’ the formation of roots (rhizogenesis) was more
intensive at 1:10, 1:50 and 1:100 dilutions of culture liquids of slow-growing
B. japonicum strain 46 and at 1:200 dilution of intensive-growing B. japonicum
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strain KB11. The synergistic action of the strains in their combined usage
should be noted. The most active rhizogenic process took place when using the
binary composition of strains at dilutions of 1:10, 1:50 and 1:200 (11.9-13.1
units vs. 7.8 units at the control).

The similar tendency was observed when studying the influence of culture
liquids of slow- and intensive-growing strains on the weight of roots in
common bean cuttings (Fig. 2). Applying each of the strains separately, the
maximum root weight gain (73.7-76.8 % compared to the absolute control)
was observed at a 1:200 dilution of culture liquid. When applying together
culture liquids of strains with different growth rates in dilutions of 1:10, 1:50
and 1:200, the weight of roots from one cutting of common bean was greater
than when using IAA 10°M (510520 mg to 430 mg respectively).

Thus, soybean rhizobia strains with slow and intensive growth rates are
able to produce phytohormonal substances that affect rhizogenesis of common
bean increasing the number and weight of roots in the cuttings. The grow-
stimulating effect was more evident when using the binary composition of
strains B. japonicum 46 + B. japonicum KB11. In our opinion, this could be
correlated with production by these strains of biologically active substances
differing in their action, the summary effect of which is intensification of the
rooting of common bean cuttings.
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Fig. 2. Effect of culture liquids of soybean nodule bacteria strains with slow and
intensive growth rates on the weight of roots in cuttings of common bean cultivar
‘Lopata’

It is known that among all classes of phytohormones the role of signaling
molecules which regulate metabolitic reactions, particularly in the formation
and active functioning of the legume-rhizobium symbiosis, belongs to aux-
ins, cytokinins, abscisic acid and their correlation [8]. Also, investigation of
rhizobia phytohormones spectrum is important for estimating their symbiotic
potential.

Determination of the qualitative and quantitative composition of phytohor-
mones by SDTLC-chromatography of high resolution have revealed that slow-
and intensive-growing strains of soybean nodule bacteria (B. japonicum 46 and
B. japonicum KB11) are able to synthesize indole compounds (Table 1).
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Table 1
Production of extracellular phytohormones by Bradyrhizobium
Jjaponicum strains with different growth rate

Amount of phytohormones,
Phytohormones mcg/g of absolutely dry biomass
B. japonicum 46 B. japonicum KB11

Auxins, including: 48.40 34.20

Indole-3-acetic acid (IAA) 30.40 34.20

Indole-3-butyric acid 18.00 -
Cytokinins, including: 328.50 835.30

Zeatin 25.30 20.60

trans-Zeatin-riboside 303.20 814.70
Abscisic acid - —

«—» — phytohormones not detected.

When cultivated in the yeast-mannitol medium, both strains synthesized
an equal amount of JAA. However, the summary level of auxins synthesis in
slow-growing B. japonicum strain 46 was higher (48.40 mcg/g ADB) than
in intensive-growing B. japonicum strain KB11 (34.20 mcg/g ADB). In its
supernatant not only IAA but also indole-3-butyric acid (18.00 mcg/g ADB)
was found, which could be regarded as a spare form of IAA [17]. The studied
strains did not synthesize such indole compounds as indole-3-carboxylic acid,
indole-3-acetic hydrazide and indole-3-carboxaldehyde.

Among cytokinins synthesized by soybean rhizobia with different growth
rates, zeatin and trans-zeatin-riboside were found, the total content of which
differed substantially: B. japonicum strain 46 synthesized 328.50 mcg/g ADB
of cytokinins and B. japonicum strain KB11 — 835.30 mcg/g ADB. The level
of production of zeatin by studied strains was almost the same (25.30 and
20.60 mcg/g ADB respectively). However, intensive-growing B. japonicum
strain KB11 synthesized much more amount of a transport form of cytoki-
nins — trans-zeatin-riboside (814.70 mcg/g ADB) —compared to slow-growing
B. japonicum strain 46 (303.20 mcg/g ADB). It is very likely that the increased
ability of this strain to produce phytohormones with cytokinin nature can affect
its interaction with a macro-symbiont. Yet it is known that the higher the abil-
ity of rhizospheric bacteria to synthesize ribosylation forms of cytokinins, the
higher the level of their specialized adaptation to a host plant [18].

Strains B. japonicum 46 and B. japonicum KB11 did not synthesize
abscisic acid, which is a phytohormone that can inhibit the plant growth and
development.

Therefore, the studied strains of soybean nodule bacteria differ in the level
of synthesis of extracellular phytohormones: slow-growing B. japonicum strain
46 produces more amounts of auxins, whereas intensive-growing B. japonicum
strain KB11 essentially exceeds in the amounts of cytokinins. Revealed
differences in the production of phytohormones can play an important part in
the colonization of a root and formation of nodules.

Competitiveness and symbiotic effectiveness of soybean nodule bacteria
strains. The field research was carried out on leached black soil in the conditions
of Polissia of Ukraine. In the control variant on the roots of soybean plants
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solitary nodules were found that indicated the presence of a small population
of specific nodule bacteria in the soil. Serological analysis of homogenates
of nodules revealed that members of the population belonged to the same
serogroup — M8.

Against the background of local population of rhizobia the inoculation of
soybean seeds with strains with slow (B. japonicum 46, M8 and 634b) and
intensive (B. japonicum KB11) growth rates contributed to an increase in the
number of nodules up to 3.4-3.8 times compared to the control (Table. 2).
Under the conditions of combined processing of soybean with strains with
different growth rates, the process of nodulation was even more active — the
number of nodules on the roots of plants was 1.2-2.1 times greater compared to
the mono-inoculation. The maximum amount (16.3 unit/plant) and the greatest
increase in weight of nodules (0.35 g per plant) were observed when applying
the binary composition of strains B. japonicum 46 + B. japonicum KB11.

Activity of symbiotic nitrogen fixation in the variants with binary
compositions of strains was also significantly higher (1.3—1.7 times) comparing
to mono-inoculation.

Table 2
Influence of slow and intensive-growing rhizobia strains
on symbiotic parameters and productivity of soybean cultivar ‘Ustia’
(field experiment, 2013)

Beans filling
n .
Variants of the Amount of | Weight of Ni rf) genaze Yield,
. activity of tons/
experiments nodules, nodules,
R nodules, meg N ha
pieces/ gram/
lant plant per plant
P per hour
Without inoculation 275 0.15 434 293
(control sample)
Inoculation with B. japonicum 46 9.33 0.25 10.65 2.61
Inoculation with B. japonicum M8 9.50 0.25 7.44 2.53
Inoculation with B. japonicum KB11 10.42 0.21 8.62 2.55
: - - - i
Ino.culatl.on with B. japonicum 46 16.33 035 14.39 590
B. japonicum KB11
- - - - n
Ino.culatl.on with B. japonicum M8 12.92 031 13.14 579
B. japonicum KB11
- - - - "
Ino‘culatl‘on with B. japonicum 634b 12.00 023 11.54 264
B. japonicum KB11
LSD,, 232 0.06 1.94 0.18

LSD — Least Significant Difference.

Analysis of homogenates of nodules in the reaction of agglutination revealed
that, against the background of the small population of specific rhizobia, ap-
plication of the strain—inoculum significantly affected the process of infecting
soybean plants (Table 3). Thus, when inoculating soybean with strains B. ja-
ponicum KB11 and 46, the percent of nodules formed by local nodule bacteria
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of serogroup M8 significantly decreased (3.4-6.8 times respectively), whereas
the introduced strains formed the vast majority of nodules (70.8-85.4 %).
Under the conditions of combined inoculation of soybean with nodule bacte-
ria with different growth rates the more even distribution of strains in a “nodule
population” was observed. Thus, the part of slow-growing strains B. japonicum
634b and 46 in the nodules ranged from 37.0 % to 62.5 %. In fewer numbers of
nodules B. japonicum strain KB11 was found (22.9—45.8 %). Representatives
of the soil population of soybean rhizobia formed only 14.6-30.4 % nodules.

Table 3
Competitiveness of soybean nodule bacteria with slow and intensive
growth rate (field experiment, 2013)

Variants of the % Nodule occupancy by:
experiments KB11 46 M8 634b

Without inoculation 0 0 100.0 0
(control sample)
Inoculation with B. japonicum 46 0 85.4 14.6 0
Inoculation with B. japonicum M8 0 0 100.0 0
Inoculation with B. japonicum KB11 70.8 0 29.2 0
Inoculation with B. japonicum 46+

22, 2. 14.
B. japonicum KB11 o 62:5 6 0
Inoculation with B. japonicum M8 +

45. 4.2
B. japonicum KB11 58 0 > 0

; - - - n

Ino.culatl.on with B. japonicum 634b 326 0 30.4 370
B. japonicum KB11

It should be noted that, against the background of a small soil population
of rhizobia, the intensive-growing B. japonicum strain KB11 shows high com-
petitiveness and forms a vast majority of nodules (70.8 %), whereas, when
applying together slow-growing strains B. japonicum 46, M8 and 634b, its
competitiveness is reduced (22.9-45.8 % nodules). This indicates the high
intraspecific competition between the strains of nodule bacteria of different
serological and genetic groups.

Processing of soybean seeds with studied strains contributed to increase in
yield productivity by 13.5-17.0 % comparing to the control (Table 2). When
applying together the slow- and intensive-growing strains, the yield was 18.4—
30.0 % higher. This indicator was maximal (2.90 t/ha) when using the binary
composition of strains B. japonicum 46 + B. japonicum KB11.

Analysis of the results of serological study of nodules and the harvest data
indicates that the dominance of active strains with both the slow and intensive
growth rates in nodules is not always essential to increase the yield of soybean.
In our judgment, the more important is the formation of balanced symbiotic
soybean systems with several complementary but serologically and genetically
different strains of rhizobia of the same species.

Such symbiotic systems can be formed when using together several strains
of nodule bacteria with different growth rates. In addition, each of the strains,
including saprophytically existing, occupies its ecological niche and contrib-
utes to the formation of active symbiosis.

The maximal positive effect obtained by using together slow- and intensive-
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growing strains B. japonicum 46 and B. japonicum KB11 can be explained by
the synergistic action of these strains, each of them is characterized by a set
of valuable features. In functional terms, they complement and reinforce each
other’s action, allowing to more fully realizing their symbiotic potential. It is
possible that this can be connected with achievement of balance in providing
plants of this variant with phytohormonal substances that are able to increase
the number of potential objects of infection.

It should be noted that some researchers point to existence of the intra-
cultivar variability of legumes by symbiotic characteristics [19, 20]. We believe
that the combined inoculation of soybean seed with two strains complementary
to different genotypes, present in a cultivar, can improve the overall effective-
ness of symbiosis and, therefore, the soybean yield.

The similar results were obtained in the field experiments with pea and
described in the literature [21]. According to the authors, the poly-strain (two—
three strains) inoculation of pea provided higher and more stable yields than
the mono-strain one. The conclusions have been made about the prospects of
poly-strain preparations for growing pea.

The further study of the relationships of soybean with nodule bacteria be-
longing to different genetic groups is an important and promising area of re-
search from the general scientific as well as practical point of view.

JI.B. Kpymuno', H.O. Jleonosa’
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CUMBIOTAYHUMN MMOTEHIIAJ INTAMIB BRADYRHIZOBIUM JAPONICUM
3 PI3HOIO IBUAKICTIO POCTY
Pesome

Mema. BuBunTy reHeTHYHI BIIACTUBOCTI Oy/IbOOUKOBUX OaKTepiii coi 3 pi3HOIO IIBHI-
KICTIO POCTY, AOCTIIUTH 31aTHICTh PU300iii 10 MPOAYKyBaHHS (HiTOTOPMOHAIBHUX PEUo-
BUH, a TAKOXX OIIIHUTH iX CHMOI0THYHHU MOTEHITIA 32 CYMiCHOI Ta MOHOIHOKYJISIIIIT pOCITHH
coi. Memoou. CvikBeHyBaHHs MiKreHHoro cneiicepa 16S-23S p/IHK mrramis pu3o0iit coi
3aificaroBanyu Ha reHetmaHoMy JIHK-amamizatopi ABI 3130x1 Genetic Analyzer. BuzHa-
YEeHHS KICHOTO Ta KUTBbKICHOTO CKJIasy (DiTOTOPMOHIB Y KYJIBTYpPaJIbHUX PiJMHAX IITaMiB
Bradyrhizobium japonicum Bu3Ha4aiyu METOJOM CIIEKTPOJCHCUTOMETPHUYHOT TOHKOLIAPO-
BOi xpomatorpadii. CuMOIOTHYHUIT TOTEHITia)I IITaMiB OIIHIOBAJIH Y TIOIEOBOMY JOCHii
B 30Hi [Tomiccst Yipaiun. Pe3ynsmamu. BcTaHOBICHO, IO ITaMK OylIb00UKOBHX OaKTepii
€Ol 3 pi3HOIO MIBUJIKICTIO POCTY 3a CTPyKTypoto ITS-periony Hanexars 0 pi3HUX F'€HEeTHY-
Hux rpym: USDA 6, USDA 110 ta USDA 123. locmimkyBasi pu3o0ii po3pi3HAIOTECS 3a
piBHEM CHHTE3y MO3aKIITHHHUX (DITOTOPMOHIB: OBUILHOPOCIHUH mTam B. japonicum 46
NPOAYKY€E OibIy KUIBKICTh ayKCHHIB, TOII SIK IHTEHCUBHOPOCIUI WTam B. japonicum
KB11 3nagHO mepeBaskae 3a KiIbKICTIO HUTOKiHIHIB. [Toka3zaHo, 110 BaKJIHBHM (PaKTOPOM
Mi/IBUIICHHS MPOAYKTUBHOCTI COI € (pOopMyBaHHS 30aJJaHCOBAHUX CUMOIOTHYHHUX CHCTEM
POCIIMHH-TOCIIONAPS 3 KiJIbKOMa KOMIUIEMEHTapHUMH, TIPOTE CEPOJIOTIUHO Ta FeHETUYHO
BIIMIHHUMH MITaMaMu pu300iit oqHoTo BUAy. Bucnoexku. CymicHa iHOKYIISIii HACIHHS cOi
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JIBOMa aKTUBHUMH IITaMaMu B. japonicum 46 1 B. japonicum KB11 no3Bossie OibI MOBHO
peaizyBaTH MOTEHIlial CAMOIOTHYHUX MTApTHEPIB Ta OTPUMATH BHIITHA BPOXKaii.
Kniouosi cnosa: Bradyrhizobium japonicum, cos, 16S-23S p/IHK (ITS-perion), ayk-

CHHH, IUTOKIHIHHU, KOHKYPEHTOCIIPOMOYKHICTb.

/.B. Kpymuno', H.O. Jleonosa’

! Hnemumym ceibCKOX03SUCMEEHHOU MUKPOOUOLO2UU U A2PONPOMBIULICHHO20 NPOU300CEA
HAAH, yn. lllesuenxo, 97, Yepnueos, 14027, Yxpauna
2 Unemumym muxpobuonozuu u supyconozuu um. 1.K. 3a6oromnoco HAH Yrpaunwl,

. Akademura 3a6onomnoeo, 154, Kues, 03143, Vkpauna
CUMBUOTUYECKHU MMOTEHIAAJI IITAMMOB BRADYRHIZOBIUM
JAPONICUM C PABHOM CKOPOCTBIO POCTA
Pesome

I]ens. VI3yauTh reHETHIECKUE CBOICTBA KITyOCHPKOBBIX OaKTEpHUIi COU C pa3HOI CKOpOC-
TBIO POCTa, UCCIIEA0BATH CIIOCOOHOCTH PU300HH K IPOAYIMPOBAHHIO (PUTOrOPMOHAIBEHBIX
BEIIIECTB, a TAK)KE OLIEHUTh UX CUMOMOTHYECKUI MMOTEHIIMA TP COBMECTHOH U MOHO-
HMHOKYIISIIUM PacTeHUil cou. Memoowpl. CeKBEeHUPOBaHUE MEXXTEHHOTO crelicepa 16S-23S
pAHK mrammoB puzobuii con npoBoaunu Ha renerndeckoM J{HK-anammzarope ABI
3130xI Genetic Analyzer. OnpeneneHne KaueCTBEHHOTO M KOJUYECTBEHHOTO COCTa-
Ba (pUTOTOPMOHOB B KYJBTYPAJIBHBIX JKUAKOCTSX IITAMMOB Bradyrhizobium japonicum
OCYIIECTBISUIM METOJIOM CIIEKTPOJCHCUTOMETPHYECKON TOHKOCIOWHOH XpomaTorpaduH.
CuMOMOTHYECKHUH TTOTEHIMAN IITAMMOB OLIEHHBAJIN B TIOJIEBOM OmbITe B 30HE [Tonecks
VYkpaunsl. Pe3ynomamepl. YCTaHOBICHO, YTO ITaMMBI KIIyOCHBKOBBIX OaKTEpHil COM ¢
pa3HO CKOPOCTBIO pocTa Mo cTpykType ITS-pernona mpunaanexar Kk pa3IudHbIM IreHe-
tuaecknM rpynmaM: USDA 6, USDA 110 u USDA 123. HccnenoBanHbie pu300UH pas3iu-
Yal0TCs 110 YPOBHIO CHHTE3a (PUTOrOPMOHOB: MEIIIEHHOPACTYILUH TamMM B. japonicum 46
MIPOYLUPYET OOJbIIee KOJIMYECTBO ayKCHHOB, TOT/a KaK MHTCHCUBHOPACTYIINH ITaMM
B. japonicum KB11 3HaunTenbHO MpeobiaafaeT Mo KOJMYECTBY IUTOKMHUHOB. [Tokaza-
HO, 4TO BXXHBIM (DAaKTOPOM ITOBBIIICHUS NTPOLYKTUBHOCTH COHM SIBISETCS (POPMHUPOBaA-
HUe cOaJlaHCUPOBAHHBIX CUMOMOTHYECKHUX CUCTEM PACTCHMSI-XO3SIMHA C HECKOJIBKHMU
KOMIUIEMEHTAPHBIMHU, OJHAKO CEPOJIOTMYECKH U T€HETHUECKN OTIMYHBIMH IITaMMaMHU
pu306uit oqHOTO BUAA. Bb16oost. CoBMECTHAsI HHOKYIISIIUS CEMSIH COM IBYMSI aKTHBHBIMH
mraMMamu B. japonicum 46 u B. japonicum KB11 no3BosnsieT Oosiee mMOJHO peaan30BaTh
MOTEHIMA] CMMOMOTHYIECKHX NAPTHEPOB U MOTYYUTh BBICOKUH ypOXKaid.

Kunioueswie cnosa: Bradyrhizobium japonicum, cosi, 16S-23S p/IHK (ITS-pernon),
ayKCHHBI, IUTOKWHUHBI, KOHKYPEHTOCIOCOOHOCTb.
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