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INTRODUCTION

Plants of the legume family can effectively make their own
fertilizers by forming symbioses with a diverse group of
nitrogen-fixing soil bacteria known as rhizobia. This cross-
kingdom collaboration is characterized by the formation of
the root nodule, a specialized plant organ that provides an
optimized environment in which the bacteria convert
atmospheric nitrogen into ammonia. The symbiotic
interactions between leguminous plants and Rhizobium
bacteria show high species specificity, which is determined
by the exchange of signal molecules (Faruque et al., 2015).
Rhizobia contribute 65 % of total atmospheric nitrogen fixed
in an environment and thus reduces the requirement of
nitrogenous fertilizer, which in turn reduces adverse
environmental effects (Somasegaran and Hoben, 1994). The
agricultural, ecological and economic importance of legume
plants besides quality and chemical composition is reflected
in the ability of these plants to fix atmospheric nitrogen in the
community with the root nodulating bacteria (Sengupta and
Reddy, 2011). Most of the legume rhizobia symbiosis studies

have been carried out on either agriculture crops (soybean,
mungbean, pea and chickpea) and pasture legumes (alfalfa).
From last two decades such studies have been extended to
wild legume plants from tropical to subtropical zones that
resulted in discovering several novel species and genera of
an organism (Peix et al., 2015).

Shankapushpi one such novel wild leguminous medicinal
plant, botanically known as Clitoria ternatea L. belonging to
the family Fabaceae. The plant originated from tropical Asia
and distributed widely in South and Central America (Barik et
al., 2007). Mainly used as a forage as it is highly palatable for
live-stock apart from its various medicinal usage ( Gomez et
al., 2003). The genus Clitoria comprises of about 60 species
distributed mostly within the tropical belt with a few species
found in temperate areas. The most frequently reported species
is Clitoria ternatea L. The plant is considered as Madhya-
Rasayana in Ayurveda and used for its action on the CNS
(Central Nervous System), especially for boosting memory and
improving intellect (Sethiya et al., 2009). The leaves of
shankapushpi conatains glycosides viz., kaempferol-3-
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glucoside, kaempferol-3-rutinoide and kaempferol-3-
neohesperidoside. The seeds have nucleoprotein with its
aminoacid sequence similar to insulin, delphinidin-3,3,5-
triglucoside, essential amino-acids, and water soluble
mucilage ( Zingare et al., 2013). The root powder of clitorea is
used as one of the ingredients in the preparation of the drug
“SULAK” and its ointment to treat leprosy. The flower is also
being used traditionally as diuretic, anthelmintic, purgative,
demulcent and remedy for rheumatism, bronchitis,
urinogenital, disorderand cancer (Subramanian and
Prathyusha,  2011).

The sequence of the 16S rRNA gene has been widely used as
a molecular clock to estimate relationships among bacteria
but more recently it has also become significant as a means to
identify an unknown bacterium to the genus or species level.
Limited number of 16S rRNA sequences have been available
at Gene Bank. Although those sequences are of different
lengths and qualities, in complementary regions they differ
from each other by no more than a few nucleotides (Claudio
et al., 2002). Therefore, minimal level of diversity seen in
Bradyrhizobium japonicum was thought to be an obstacle for
using 16S rRNA gene sequencing to identify and differentiate
species.

Bacteria form root nodules of legumes have long been placed
in a common genus Rhizobium and these species of
organisams are symbiotically associated with several
leguminous plants are characterised as gram negative, motile,
non-endospore forming bacteria. These bacteria are generally
cultured in Yeast Mannitol Agar medium (Priya and harish,
2013). Morever, the 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 nodules on leguminous
plants require isolation and identification of a large number of
desirable species (Marinkovic, 2012). Therefore, the aim of
the present investigation is to isolate and identify native strains
of Rhizobium in root nodules of shankapushpi on the basis of
molecular characteristics.

MATERIALS AND METHODS

A experiment was conducted at College of Horticulture,
University of Horticultural Sciences Campus, Gandhi Krishi
Vignana Kendra (Post), Bengaluru during  2016-17. The native
Rhizobium strain of shankapushpi was identified by following
16S rRNA procedure at macrogen laboratory Bengaluru.

Root nodules collection
The root nodules of Clitorea ternatea L. were randomly
collected at bloom stage during monsoon season. The whole
plant of shankapushpi were excavated with intact root system
and then thoroughly washed with tap water later nodules with
roots were kept in moist soil and brought to the laboratory for
preservation of nodules and  isolation of native strain of
rhizobia (Indu et al., 2018).

Isolation of native strain
The root nodules were washed thoroughly with sterile water
and surface treatment of nodules done with 70% alcohol for

30 seconds and then they were further washed 5-6 times with
sterile distilled water (Sonali et al., 2017) and crushed with the
help of sterile glass rod and streaked on yeast extract mannitol
agar media (YEMA) plate. The plate were incubated at 28±2
ºC for 2-3 days (Biswajit et al., 2015). Followed by several
successive isolation of Rhizobium and pure individual
colonies are sub-cultured on the same medium, the isolates
were further characterized for morphological properties
(Vincent, 1970). The process of isolation was carried in the
laminar airflow instrument to maintain the purity.

16S rRNA analysis Procedure
In order to study the genetic diversity of shankapushpi isolate
was carried out by following 16S rRNA analysis procedure.
Pure cultured bacterium was taken and colonies are picked
up with a sterilized toothpick and suspended in a 1.5µl
effendorfftube. Centrifuge run at 10,000 rpm for 10 min. and
supernatant was separated. PCR was carried out by using 1µl
of template DNA and the universal primer 27F
(AGAGTTTGATCMTGGCTCAG)and1492R(TACG-GYTACC
TTGTTACGACTT) were used for amplification reaction
(Weisburg  et al., 1991). And total PCR reaction mixture was
made to 20 µl. The PCR reactions were performed with an
initial denaturation step at 95 ºC for 3 min, followed by 35
cycles of denaturation at 94 ºC for 1 min, at 55 ºC primer
annealing for 1 min and at 72ºC extension for 2 min, followed
by a final extension step at 72 ºC for 3 min (Laguerre et al.,
1994). PCR products were purified by using montage PCR
clean up kit (Millipore). Purified PCR products were sent to
macrogen laboratory Bengaluru for sequencing. The
sequencing were performed by using Big Dye terminator cycle
sequencing kit (Applied BioSystems, USA). Sequencing
products were resolved on an Applied Biosystems model
3730XL automated DNA sequencing system (Applied
BioSystems, USA). The high quality reads were aligned and
nucleotide sequences were BLAST in the gene bank database
at the NCBI.

RESULTS  AND DISCUSSION

In order to find out an efficient nitrogen-fixing bacteria from
Shankapushpi, based on the morphological characteristics of
isolates, the species of Bradyrhizobium japonicum are
characterized as rod-shaped, aerobic, non-spore forming and
motile by polar or subpolar flagellum. Colonies are circular,
opaque, rarely translucent, white and convex, with entire
margins (Figure 1). Strains are usually slow growing, not
exceeding 1 mm in diameter within 5–7 days incubation on
YEMA (Jelana et al., 2017).

Strains are characteristically able to invade the root hairs of
leguminous plants and incite the production of root nodules,
whereas bacteria occur as intracellular symbionts with host
specificity (Gage, 2004). The bacteria are present in root
nodules as swollen forms which are normally involved in
fixing atmospheric nitrogen into combined forms utilizable
by the host plant, while some strains fix nitrogen in the free
living state under special conditions (Holt et al., 1994).

The genus Rhizobium is the most heterogeneous group of the
family Rhizobiaceae, and comprises most of the species which
form symbiotic relationships with leguminous plants, and also
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includes plant pathogenic bacteria (Weir 2016).
Characterization of rhizobia based on genetic characteristics
is more precise and more informative compared to the
morphological and physiological classification. Until 1992,
only one species was known within the genus Bradyrhizobium
that is 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).
However, in this study the isolate showing resemblance with
Bradyrhizobium sp. were grown on YEMA plates for 72 hours

and identification of native organism based on 16S rRNA
homology was performed using PCR with the help of universal
primer 27F and 1492R, probably the most widely used primer
pair for amplification of a taxonomically diverse eubacteria
16S rRNA gene fragments by PCR (Weisburg et al., 1991). The
purified PCR products of approximately 1,342 bp were
sequenced by using primer (27F and 1492R) and identified as
Bradyrhizobium japonicum. The results of sequencing (BLAST
queries of Gene Bank) showed that, the isolate have scored
the maximum score (2479 bits), 100% query coverage, E value
of 0.0 and 100% identity were selected as the probable
identities of the isolate. Further, the BLAST resultes were
revealed that, the bacterial isolate showed 100% similarity
with Bradyrhizobium japonicum strain are presnted in Table1.
The bacterial isolates of Bradyrhizobium japonicum strain
comes under the member of rhizobia group leads to
endophytic association with some plant species providing

Table1 : BLAST result of 16S rRNA Sequence showing similarity with Bradyrhizobium japonicum

Accession                                      Description Maximun Total Query E Percent
Score Score Cover value Ident

KY864921.1 Bradyrhizobium japonicum strain gkvk2 16S ribosomal RNA gene 2479 2479 100% 0 100
KY412844.1 Bradyrhizobium japonicum strain L16 16S ribosomal RNA gene 2479 2479 100% 0 100
KY000644.1 Bradyrhizobium japonicum strain Bj17 16S ribosomal RNA gene 2479 2479 100% 0 100
KY000633.1 Bradyrhizobium japonicum strain Bj6 16S ribosomal RNA gene 2479 2479 100% 0 100
KF995110.1 Bradyrhizobium japonicum strain NP-184 16S ribosomal RNA gene 2479 2479 100% 0 100
KF995103.1 Bradyrhizobium japonicum strain MN-115 16S ribosomal RNA gene 2479 2479 100% 0 100
KF995091.1 Bradyrhizobium japonicum strain M-35 16S ribosomal RNA gene 2479 2479 100% 0 100
KF995088.1 Bradyrhizobium japonicum strain CK-12 16S ribosomal RNA gene 2479 2479 100% 0 100
KF995087.1 Bradyrhizobium japonicum strain CK-12 16S ribosomal RNA gene 2479 2479 100% 0 100
KF995111.1 Bradyrhizobium japonicum strain NP-185 16S ribosomal RNA gene 2473 2473 100% 0 99.93
KF995097.1 Bradyrhizobium japonicum strain M-55 16S ribosomal RNA gene 2473 2473 100% 0 99.93
KF995095.1 Bradyrhizobium japonicum strain M-49 16S ribosomal RNA gene 2468 2468 100% 0 99.85
KY072863.1 Bradyrhizobium japonicum strain Bj28 16S ribosomal RNA gene 2477 2477 99% 0 100
KY072862.1 Bradyrhizobium japonicum strain Bj27 16S ribosomal RNA gene 2477 2477 99% 0 100
KP768791.1 Bradyrhizobium sp. 61S1 16S ribosomal RNA gene, partial sequence 2477 2477 99% 0 100
KF527971.1 Bradyrhizobium sp. CTS7 16S ribosomal RNA gene, partial sequence 2477 2477 99% 0 100
HG940531.1 Bradyrhizobium sp. VUPME50 partial 16S rRNA gene, strain VUPME50 2477 2477 99% 0 100
KF995119.1 Bradyrhizobium japonicum strain N2-225 16S ribosomal RNA gene 2477 2477 99% 0 100
KF995115.1 Bradyrhizobium japonicum strain N2P2-205 16S ribosomal RNA gen 2477 2477 99% 0 100
KF995105.1 Bradyrhizobium japonicum strain MN-130 16S ribosomal RNA gene 2477 2477 99% 0 100
KF995096.1 Bradyrhizobium japonicum strain M-52 16S ribosomal RNA gene 2477 2477 99% 0 100
KF836044.1 Bradyrhizobium sp. SCAUS20 16S ribosomal RNA gene, partial 2477 2477 99% 0 100
KC736658.1 Bradyrhizobium japonicum strain 5329 16S ribosomal RNA gene 2477 2477 99% 0 100
FR753136.1 Bradyrhizobium japonicum partial 16S rRNA gene, strain R-45771 2477 2477 99% 0 100

Table 2: Isolate of Bradyrhizobium japonicum from root nodules of
shankapushpi (Clitorea ternatea L.).
Crop Year of Isolation NCBI gene bank

Accession number
Shankapushpi 2016-17 KY864921

Figure 1:Bacterial colonies of Bradyrhizobium japonicum strain isolated from root nodules of shankapushpi (Clitorea ternatea L.)
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benefites on plant growth (Vernans et al., 2017). Morever, the
isolate of Bradyrhizobium japonicum sequence strain of
shankapushpi were deposited in the NCBI  GenBank database
under a unique accession number KY864921 (Table 2).

The partial sequencing of 16S rRNA made a significant step in
the phylogeny and classification of rhizobia and allowed to
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
differences 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 et al., 2011).
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