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MOLECULAR IDENTIFICATION OF Bradyrhizobium
japonicum STRAINS ISOLATED FROM ROOT
NODULES OF SOYBEAN (Glycine max L.)

ABSTRACT: The aim of this study was to isolate and identify Bradyrhizobium japonicum
strains on the basis of molecular characteristics. From root nodules of different soybean cultivars
were obtained 56 isolates, characterized according to morphological, cultural, and biochemical
properties. Among these isolates, 33 isolates showing resemblance with Bradyrhizobium sp.
were further subjected to molecular identification. Following DNA extraction, a partial 16S
rDNA gene sequence from the isolates was amplified by PCR using universal primers D1 (27F)
and rP3 (1492R). Purification and sequencing of the amplified fragments were done in the bio-
technology company Macrogen, Seoul, South Korea. Sequences were analyzed using the pro-
gram FinchTV and BLAST (Basic Local Alignment Search Tool) and compared to sequences
in GenBank and the Bradyrhizobium 1D-database for identification. Comparison of the se-
quences with the Bradyrhizobium 1D-database showed that all tested isolates were identified
as Bradyrhizobium japonicum. Each isolate was deposited in the NCBI GenBank database
under a unique accession number. Identification of Bradyrhizobium species from root nodules
of soybean is of great importance because the symbiosis between rhizobia and legumes are
a cheaper and usually more effective agronomic practice for ensuring an adequate supply of
nitrogen for legumes, while preserving and improving fertility and productivity of soils.
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INTRODUCTION

Great agricultural, ecological and economic importance of legumes, be-
sides quality and chemical composition of the grain, is reflected in the ability
of these plants to fix atmospheric nitrogen in the community with the root nod-
ulating bacteria (Sengupta and Reddy, 2011). Atmospheric nitrogen is converted
into plant-available forms through symbiotic nitrogen fixation of legumes and
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bacteria from the family Rhizobiaceae (Dixon and Kahn, 2004). Annual return of
nitrogen to the soil ranges from 20 to 400 kg per hectare depending on the plant
species, bacterial strains and numerous biotic and abiotic factors (Zahran, 1999).

As an important source of proteins and oils in human and animal nutrition,
soybean (Glycine max L. Merr.) is one of the most cultivated legumes in the world
(Nouri et al., 2011). With area exceeding 100,000 ha, soybean is an important
factor in the crop production in Serbia (Hrusti¢ and Miladinovi¢, 2008). Nitrogen-
-fixing bacteria provide “free” nitrogen for soybean plants, increases the yield
by 20-50%, and improve the quality of grain without disturbing the natural
soil microflora (Milosevi¢ and Jarak, 2005).

The most common microsymbionts of soybean are Bradyrhizobium japoni-
cum and Bradyrhizobium elkanii (Zhang et al., 2011). The number of Bradyrhizo-
bium sp. in our agricultural soils is very small, therefore it is necessary to inoculate
legume seeds with nitrogen-fixing bacteria using microbiological inocula
(Marinkovi¢ et al., 2010). Application of microbiological fertilizers containing
selected and effective strains of Bradyrhizobium japonicum was introduced as a
regular measure in the cultivation of soybean (MiloSevi¢ and Marinkovi¢, 2009).

Bacteria that form nodules on the roots of legumes have long been placed
in a common genus Rhizobium. Nitrogen-fixing bacteria were divided into fast-
-growing and slow-growing on the basis of culture growth, until Jordan (1982)
proposed the separation of slow growing species in a separate genus Bradyrhizo-
bium. However, the development and application of molecular techniques in
microbiology enabled a simple, fast and reliable genotypic characterization of
rhizobia and pointed to their great genetic diversity and divergence. The search
for effective strains capable of eliciting and invading root or stem nodules on
leguminous plants require isolation and identification of a large number of
desirable Bradyrhizobium species. Effective strains of Bradyrhizobium japoni-
cum, besides the capacity for nitrogen fixation, must also have the competitive
ability in relation to the natural population which is most often inefficient in
fixing nitrogen (Marinkovi¢, 2012).

Therefore, the aim of this study was to perform identification of Bradyrhizo-
bium sp. isolated from root nodules of different soybean cultivars on the basis
of molecular characteristics.

MATERIALS AND METHODS
Root Nodules Collection

Nodules were randomly collected from field grown soybean during the
four-year period (2010-2013). Four soybean cultivars of medium late and late
maturity were selected for the root nodules collection: Balkan (maturity group I),
Novosadanka (maturity group I), Venera (maturity group II), and Rubin (matu-
rity group II). Cultivars were obtained from different locations of the Province
of Vojvodina, from agricultural fields where soybeans were not previously grown
(last five years). All nodules from four plants per each cultivar were separately
collected at the full bloom stage of soybean, placed in sterilized polythene bags,
transported to the laboratory.
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Isolation of Bradyrhizobium sp.

Root nodules were surface sterilized and crushed to obtain the bacteria
on yeast extract mannitol agar media (YEMA) (Somasegaran and Hoben 1994).
Followed by several successive isolations and recultivations of individual pure
colonies on the same medium, the isolates were further characterized according
to morphological, cultural and biochemical properties (Vincent 1970). Isolates
were cultured in yeast extract mannitol broth (YEMB) for 5 days at optimal
temperature of 28+2 °C and stocked at 4 °C.

DNA isolation and PCR analysis

Isolates showing resemblance with Bradyrhizobium sp. were grown on
YEMA plates for 72 hrs. DNA was isolated from single bacterial colonies by
using a DNeasy Mini Kit (QIAGEN Inc., Hilden, Germany), following the
manufacturer’s instructions. For the amplification of 16S rDNA gene fragments,
primers fD1 (27F) (AGAGTTTGATCMTGGCTCAG) and rP3 (1492R) (TACG-
GYTACCTTGTTACGACTT) were used (Weisburg et al., 1991). The polymer-
ase chain reaction (PCR) was done in 25-ul aliquots using S-thermal cycler
(Eppendorf, Germany) (Table 1).

Table 1. PCR protocol

Components Final concentration 25 pul reaction

2x MMix (Eppendorf) Ix 12.5 ul

10 uM Forward Primer 0.2 uM 0.5 ul

10 uM Reverse Primer 0.2 uM 0.5 ul

Template DNA ~1,000 ng 1l

Nuclease-free water 10.5 pl

The PCR reactions were performed with an initial denaturation step at 95 °C
for 3 min, followed by 35 cycles of denaturation at 94 °C for 1 min, at 55 °C
primer annealing for 1 min and at 72 °C extension for 2 min, followed by a final
extension step at 72 °C for 3 min (Laguerre et al., 1994). Amplicons were electro-
phoresed in 1.5% agarose gel (Invitrogen) with ethidium bromide. Purification
and sequencing of the PCR-amplified DNA fragments were done in the biotech-
nology company MACROGEN, Seoul, South Korea (http:/dna.macrogen.com).
FinchTV Version 1.4.0. was used for sequence analysis, and nucleotide sequences
were filed in the GenBank Database at the National Center for Biotechnology
Information (NCBI).




RESULTS AND DISCUSSION

When searching for efficient microsymbiotic nitrogen-fixing bacteria,
among 56 isolates obtained from different soybean cultivars grown in the Prov-
ince of Vojvodina, 33 isolates belonged to the genus Bradyrhizobium. Based on
the morphological characteristics of isolates, species of Bradyrhizobium are
characterized as rod-shaped, aerobic, non-spore forming and motile by one
polar or subpolar flagellum. Colonies are circular, opaque, rarely translucent,
white and convex, with entire margins. Strains are usually slow growing, not
exceeding 1 mm in diameter within 5-7 days incubation on YEMA, while faster
growing strains are uncommon.

Isolates showed negative chemical reaction for indole, methyl red, Voges-
-Proskauer, hydrogen sulphide production, utilization of carbohydrates and
gelatin hydrolysis, and positive reaction for citrate utilization, catalase and
ammonia production from peptone and urea (Gachande and Khansole, 2011).
Strains are characteristically able to invade the root hairs of leguminous plants
and incite the production of root nodules, wherein the bacteria occur as intracel-
lular symbionts with host “specificity” (Gage, 2004). The bacteria are present
in root nodules as swollen forms which are normally involved in fixing atmos-
pheric nitrogen into combined forms utilizable by the host plant, while some strains
fix nitrogen in the free living state under special conditions (Holt ef al., 1994).

Characterization of rhizobia based on genetic characteristics is more precise
and more informative compared to the morphological and physiological classifica-
tion. Until 1992, only one species was known within the genus Bradyrhizobium
— Bradyrhizobium japonicum (Jordan, 1982), while the application of molecular
methods in the past 20 years enabled the separation of several new species
(Ramirez-Bahena et al., 2009).

It has been reported that Bradyrhizobium japonicum, Bradyrhizobium
elkanii, Bradyrhizobium liaoningense, Bradyrhizobium yuanmingense and
Sinorhizobium fredii could nodulate soybean. Recently, Bradyrhizobium huan-
ghuaihaiense, Bradyrhizobium dagingense, Sinorhizobium sojae, and several
unnamed species were also found to be effective microsymbionts of soybeans
(Zhang et al., 2011).

In this study, identification of Bradyrhizobium isolates based on 16S rDNA
homology was performed using PCR with the universal primers 27F and
1492R, probably the most widely used primer pair for amplification of a taxo-
nomically diverse eubacterial 16S rDNA gene fragments by PCR (Weisburg
et al., 1991). Comparison of the sequences with the Bradyrhizobium 1D-data-
base showed that all isolates were identified as Bradyrhizobium japonicum.
BLASTn queries of GenBank and the Bradyrhizobium 1D-database, showed
100% identity to B. japonicum to accessions EU010398.1, KF995085.1, KP219176.1,
KC736659.1, IN392462.1, KR092322.1, KX242473.1, CP010313.1, AB680665.1,
FJ390915.1, AP012206.1, DQ133343.1, respectively. Isolates were deposited in
the NCBI GenBank database under a unique accession number (Table 2).
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Table 2. Isolates of Bradyrhizobium japonicum from root nodules of soybean

Isolate Code

Soybean Cultivar

Region of Origin

Year of Isolation

Acc. No

Bjl

Balkan

Rimski Sanc¢evi

2010

KY000628

Bj2

Balkan

Rimski Sanc¢evi

2010

KY000629

Bj3

Balkan

Backa Topola

2010

KY000630

Bj4

Balkan

Srbobran

2010

KY000631

Bj5

Balkan

Rimski Sangevi

2011

KY000632

Bj6

Balkan

Srbobran

2011

KY000633

Bj7

Balkan

Backa Topola

2011

KY000634

Bj8

Balkan

Sombor

2011

KY000635

Bj9

Novosadanka

Sombor

2010

KY000636

Bjl0

Novosadanka

Karavukovo

2010

KY000637

Bjll

Novosadanka

Pancevo

2010

KY000638

Bjl2

Novosadanka

Rimski Sanc¢evi

2010

KY000639

Bj13

Novosadanka

Pancevo

2011

KY000640

Bjl4

Novosadanka

Hajducica

2011

KY000641

Bjl5

Novosadanka

Srbobran

2011

KY000642

Bjl6

Novosadanka

Karavukovo

2011

KY000643

Bjl7

Novosadanka

Sremska Mitrovica

2011

KY000644

Bjl8

Venera

Sremska Mitrovica

2012

KY000645

Bj19

Venera

Backa Topola

2012

KY072854

Bj20

Venera

Ruma

2012

KY072855

Bj2l

Venera

Sombor

2012

KY072856

Bj22

Venera

Vrsac

2013

KY072857

Bj23

Venera

Plavna

2013

KY072858

Bj24

Venera

Plavna

2013

KY072859

BJ25

Venera

Rimski Sangevi

2013

KY072860

Bj26

Rubin

Sombor

2012

KY072861

Bj27

Rubin

Zrenjanin

2012

KY072862

Bj28

Rubin

Kikinda

2012

KY072863

Bj29

Rubin

Rimski Sancevi

2012

KY072864

Bj30

Rubin

Subotica

2013

KY072865

Bj31

Rubin

Zrenjanin

2013

KY072866

Bj32

Rubin

Hajducica

2013

KY072867

Bj33

Rubin

Rimski Sancéevi

2013

KY072868
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Partial and complete sequencing of 16S rRNA made a significant step in
the phylogeny and classification of rhizobia, and allowed description of several
new genera and species (Germano et al., 2006) However, the conservative nature
of 16S rRNA gene allows the characterization to the species level, while the dif-
ferences between the strains of the same species cannot be determined.

More molecular procedures enable the identification and classification of
bacteria at a high level of taxonomic resolution, such as using rep-PCR genomic
fingerprinting to achieve genetic differences at subspecies and strain levels
(Melchiorre at al., 2011). Unlike the 16S rRNA gene region, intergenic region
16S-23S rRNA (ITS) shows a high degree of variation among different strains.
Variability in the sequences and length of ITS region proved to be very in-
formative in taxonomic evaluation and characterization of indigenous
Bradyrhizobium populations (Tan et al., 2001).

CONCLUSION

The research confirmed the presence of indigenous Bradyrhizobium
Jjaponicum in root nodules collected from different soybean cultivars. Further
identification using rep-PCR genomic fingerprinting will be necessary to establish
genetic differences at the strain level. Also, the selection of strains through
inoculation assays in greenhouse and field conditions is needed in order to
determine their efficiency in soybean production.

ACKNOWLEDGEMENTS

This research was supported by the Provincial Secretariat for Higher Edu-
cation and Scientific Research, Vojvodina, Serbia, Project No. 114-451-2739/2016
(2016-2019): ,,Sustainable productlon of plant proteins: soybean, microorgan-
isms, response to climate changes®, and by the Ministry of Education, Science
and Technologlcal Development of the R. Serbia (Project No. 31022).

REFERENCES

Dixon R, Kahn D (2004): Genetic regulation of biological nitrogen fixation. Nat. Rev. Microbiol.
2: 621-631.

Gachande BD, Khansole GS (2011): Morphological, cultural and biochemical characteristics of
Rhizobium japonicum syn. and Bradyrhizobium japonicum of soybean. Biosci. Discov. J.
2: 1-4.

Gage D (2004): Infection and invasion of roots by symbiotic, nitrogen-fixing rhizobia during
nodulation of temperate legumes. Microbiol Mol. Biol. Rev. 68: 280-300.

Germano MG, Menna P, Mostasso FL, Hungria M (2006): RFLP analysis of the rRNA operon
of a Brazilian collection of bradyrhizobial strains from 33 legume species. Int. J. Syst.
Evol. Microbiol. 56: 217-229.




Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST (1994): Bergey’s Manual of determina-
tive bacteriology, ninth ed. Williams and Wilkins Pub., MD, USA.

Hrusti¢ M, Miladinovi¢ J (2008): Znacaj, poreklo i Sirenje soje. In: Miladinovi¢ J, Hrusti¢ M, Vidi¢
M (eds.), Soja, Institut za ratarstvo i povrtarstvo, Novi Sad, Sojaprotein, Becej, 13—43.

Jordan DC (1982): Transfer of Rhizobium japonicum Buchanan 1980 to Bradyrhizobium gen.
nov., a genus of slow-growing, root nodule bacteria from leguminous plants. /nt. J. Syst.
Bacteriol. 32: 136—-139.

Laguerre G, Allard MR, Revoy F, Amarger N (1994): Rapid Identification of Rhizobia by Re-
striction Fragment Length Polymorphism Analysis of PCR-Amplified 16S rRNA Genes.
Appl. Environ. Microbiol. 60: 56—63.

Marinkovic J (2012): ,,Biohemijska i molekularna karakterizacija simbioze soje i razlicitih sojeva
Bradyrhizobium japonicum Kirchner (Jordan) u uslovima suse®. Doktorska disertacija,
Univerzitet u Novom Sadu, Novi Sad.

Marinkovi¢ J, Mrkovacki N, A¢imovi¢ R, Pordevi¢ V (2010): Effect of NS-Nitragin application
on soybean yield and yield components agriculture. Field Veg. Crop Res. 47: 545-548.

Melchiorre M, de Luca MJ, Anta GG, Suarez P, Lopez C, Lascano R, Racca RW (2011): Evalu-
ation of bradyrhizobia strains isolated from field-grown soybean plants in Argentina as
improved inoculants. Biol. Fertil. Soils 47: 81-89.

Milosevi¢ N, Jarak M (2005): Znacaj azotofiksacije u snabdevanju biljaka azotom. In: Kastori
R (ed.), Azot: agrohemijski, agrotehnicki, fizioloski i ekoloski aspekti, Nau¢ni institut za
ratarstvo i povrtarstvo, Novi Sad, 307-352.

Milosevi¢ N, Marinkovi¢ J (2009): Rizobiumi — biodubriva u proizvodnji leguminoza. Zbornik
radova, Institut za ratarstvo i povrtarstvo, Novi Sad, 46: 45-54.

Nouri MZ, Toorchi M, Komatsu S (2011): Proteomics approach for identifying abiotic stress
responsive proteins in soybean. In: Sudaric A (ed.): Soybean — molecular aspects of breeding.
InTech, 187-214.

Ramirez-Bahena MH, Peix A, Rivas R, Camacho M, Rodriguez-Navarro DN, Mateos PF, Mar-
tinez-Molina E, Willems A, Velazquez E (2009): Bradyrhizobium pachyrhizi sp. nov. and
Bradyrhizobium jicamae sp. nov., isolated from effective nodules of Pachyrhizus erosus.
Int. J. Syst. Evol. Microbiol. 59: 1929—1934.

Sengupta D, Reddy AR (2011): Water deficit as a regulatory switch for legume root responses.
Plant Signal. Behav. 6: 914-917.

Somasegeran P, Hoben HJ (1994): Handbook for Rhizobia: methods in legume-Rhizobium
technology, Springer-Verlang, New York.

Tan Z, Hurek T, Vinuesa P, Miiller P, Ladha JK, Reinhold-Hurek B (2001): Specific detection
of Bradyrhizobium and Rhizobium strains colonizing rice (Oryza sativa) roots by 16S-23S
ribosomal DNA intergenic spacer-targeted PCR. Appl. Environ. Microbiol. 67: 3655-3664.

Vincent IM (1970): A manual for the practical study of the root nodule bacteria. Int. Biol. Prog.
Handbook, vol. 15. Blackwell Scientific Publications, Oxford, USA.

Weisburg WG, Barns SM, Pelletier DA, Lane DJ (1991): 16S ribosomal DNA amplification for
phylogenetic study. J. Bacteriol. 173: 697-703.

Zahran HH (1999): Rhizobium-legume symbiosis and nitrogen fixation under severe conditions
and in an arid climate. Microbiol. Mol. Biol. Rev. 63: 968—989.

Zhang YM, Li Y Jr, Chen WF, Wang ET, Tian CF, Li QQ, Zhang YZ, Sui XH, Chen WX (2011):
Biodiversity and biogeography of rhizobia associated with soybean plants grown in the
North China Plain. Appl. Environ. Microbiol. 77: 6331-6342.

55




MOJIEKYJIAPHA UJEHTUDUKALINIA Bradyrhizobium japonicum
COJEBA NU30JIOBAHUX N3 KOPEHCKUX KBPXKUIIA COJE
(Glycine max L.)

Jenena b. MAPUHKOBWR, [lparana B. BJEJIMR, bpanucnasa b. TUHTOP,
Maja B. UTEhATOB, 3opuna T. HUKOJIWh, Bojun X. BYKUWR,
Cretnana H. BAJIEIIEBU'h TYBU'h

WHCTHTYT 3a paTapcTBO U IIOBPTAPCTBO
Maxcuma T'opkor 30, Hosu Cazn 21000, Cpbuja

PE3MME: Llusb oBor paja je nuzonanuja 1 MoJieKyJIapHa naeHTHU(UKauja cojeBa
Bradyrhizobium japonicum. Ha ocHOBY MopQoiolike u OHOXeMHUjCKe KapaKTepHu3alyje,
071 56 u305aTa U3 KOPSHCKUX KBPXKHIIA Pa3IMYUTHX COPTH Coje, 33 h3oiaTa 3a Koje je
yTBpheHa cnuuHocT ¢ Bradyrhizobium sp. Ounu cy npeaMer 1ajbe uAeHTUPUKAIIH]E.
Haxon exctpakuuje JTHK, mapuujannaa 16S rDNA reHcka cekBeHIa U3 U30J1aTa je YMHO-
xeHa PCR meronom ynorpedom yHusep3annux npajmepa fD1 (27F) u rP3 (1492P).
[peunnrhaBame U CEKBEHIIMOHUPAKHE YMHOKEHHX (hparMeHaTa ypaheHo je y KOMITaHHu-
ju Macrogen Ltd. (Ceyun, Jyxua Kopeja). [Tomohy mporpama FinchTV n BLAST (Basic
Local Alignment Search Tool) aHanmu3e, U3BPILCHO je BUIIECTPYKO Nopeherme no0ujeHnx
cexkBennu ¢ GenBank 6a3om monaraka. [Topehemem noOujeHnx cekBeHIu ¢ Brady-
rhizobium 1D-6a30M mojaraka cBM UCITUTHUBAHU M30JaTH UJICHTU()UKOBAHU Cy Ko
Bradyrhizobium japonicum. Cexsenue cy nenonosate y csetcky NCBI 6asy y3 no6u-
Jame npucrynsor 6poja (NCBI Ace. number). Unentuduxauuja Bpera Bradyrhizobium-a
TIOPEKJIOM M3 KOPEHCKUX KBPIKULIA COj€ OJf BEIMKOT je 3Ha4aja jep je cumOnosa usmehy
pu300uyma ¥ JIeryMHHO3a UCTIATUBH]H ¥ OOMYHO e(PUKACHH]U HAYHH CHAOIeBamba Ou-
JbaKa a30TOM, a BaYKHO je M 300T 0uyBama U yHarpel)ema ioHOCTH 1 POy KTHBHOCTH
3eMJBHIITA.

KIbYYHE PEYW: Bradyrhizobium japonicum, Gnonomika gpukcaiuja a3ora, uJIeH-
TuUKanmja, coja




