International Journal of Plant & Soil Science

33(15): 12-17, 2021; Article no.lJPSS.69972
ISSN: 2320-7035

Rapid Methods for Identification of Plant-Growth-
Promoting Rhizobacteria

Sangita Sahni' and Bishun Deo Prasad?

"Department of Plant Pathology, TCA, Dholi, Dr. Rajendra Prasad Central Agricultural University,
Pusa, Bihar, India.

2Department of Molecular Biology and Genetic Engineering, Bihar Agricultural College, Sabour, BAU,
Sabour, Bhagalpur, Bihar, India.

Authors’ contributions

This work was carried out in collaboration among all authors. Authors SS and BDP designed the
study, managed the literature searches, wrote the protocol and wrote the manuscript. All authors read
and approved the final manuscript.

Article Information

DOI: 10.9734/1JPSS/2021/v33i1530506

Editor(s):

(1) Dr. Hon H. Ho, State University of New York, USA.

Reviewers:

(1) Leonardo Regnier de Lima Pereira, University of Sdo Paulo, Brazil.

(2) Dalia Gamil Aseel, Arid Lands Cultivation Research Institute, Egypt.

(3) Charles Nyarang’o Nyamwamu, Kenyatta University, Kenya.

Complete Peer review History: http://www.sdiarticle4.com/review-history/69972

Received 10 April 2021

. Accepted 15 June 2021

Method Article Published 21 June 2021
ABSTRACT

The growing human population has put enormous pressure on agriculture to increase production
and productivity, which has resulted in the widespread usage of agrochemicals. The indiscriminate
use of agrochemicals has harmed soil fertility and resulted in significant environmental
contamination, impacting human health. The discovery and implementation of bacterial isolates
with Plant Growth Promoting Rhizobacteria (PGPR) have enormous potential for reducing the
usage of chemical fertilizers, insecticides, and herbicides. However, the identification of bacterial
isolates is a prerequisite to utilize them for agricultural purposes. Traditional methods involve
culturing microbes using a range of nonselective and selective enrichment methods, followed by
biochemical confirmation among others. Traditional methods involve culturing microbes, followed
by morphological biochemical confirmation etc. In the present investigation, we describe a fast and
effective approach for isolating and identifying bacterial isolates, followed by phylogenetic analysis
and submission to GenBank.
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1. INTRODUCTION

The increasing human population has put
tremendous pressure on agriculture to enhance
its production and productivity [1,2]. The
pressure to increase production and productivity
abruptly has caused excessive use of
agrochemicals [3]. The indiscriminate use of
agrochemicals has deteriorated soil fertility and
cause huge environmental pollution leading to
human health [4]. The unjudicial use of chemical
fertilizers due to lack of information or due to
subsidiary scheme has further deteriorated the
soil heath [5,6]. The excessive use of nitrogen
fertilizers has led to the production of nitrous
oxide (N,O), which causes global warming [7].
Although the immediate advantage appeared
due to excessive use of various agrochemicals
and fertilizers, their long term use magnifies
environmental and public health threats.
However, farming without the use of these
chemicals not only reduces the yield drastically
but also reduces soil fertility. Numerous reports
suggest the use of organic fertilizers, which could
reduce the use of chemical fertilizers [8,6].
However, the effectiveness of organic fertilizers
doesn’t comparable to that of chemical fertilizers.
Several reports advocates the use beneficial
rhizobacteria (plant growth promoting
rhizobacteria), which has potential to reduce the
dependency of agro-chemicals significantly or
completely if amended with organic fertilizers [9].
The use of PGPR as inoculants provides an
environmentally  sustainable approach to
increase stress tolerance, management of
diseases and other traits leading to enhance
productivity [10,11]. The potentiality of PGPR in
agriculture is steadily increased as it offers an
attractive way to replace the use of chemical
fertilizers, pesticides and other supplements [12].
Numerous PGPR isolates have been identified
and tested in field and laboratory conditions [10]
however, the effectiveness of PGPR strains
depends upon several factors including plant
genotypes, abiotic and biotic stresses [13,14].
Therefore, the precise identification and
screening of PGPR isolates are prerequisite to
utilize them for agricultural purposes. In the
present investigation, an attempt was made to
provide a simple and rapid identification of
rhizobacteria in the laboratory.

2. MATERIALS AND METHODS

2.1 Isolation of Bacterial Isolates

In present investigation, serial dilution method
was used for isolation of bacterial isolates, as
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described previously [15,16]. In brief, 10g of soil
(usually rhizosphric soil) sample is suspended in
90 ml of sterile distilled water, mixed well by
swirling. Transfer 1 ml of soil suspension into 9
ml sterile distilled water. Similarly, a series of
dilutions (10‘7) were prepared under aseptic
condition. Bacteria were isolated by plating 100
pl of soil suspension on nutrient agar plate and
incubate it at 30 °C for 12-24 h. The colonies
appeared on petriplates were visually
characterized on the basis of colour, shape, size,
elevation etc. Colonies exhibiting prolific growth
were selected and streaked for fresh nutrient
agar plates.

2.2 Gram Staining

Gram staining is very useful method for
identifying bacteria and classifying them into two
major groups: the Gram-positive and Gram-
negative. The purified colonies were inoculated
in 3 ml of nutrient broth grown till 0.6 OD. For
gram staining, a smear/thin film is made on a
clean microscopic glass slide, air dry and heat-fix
the smear by passing through flame. The fixed
bacterial smears were stained with crystal violet
as a primary stain for 1 minute and rinse the slide
with water. Then, stained the slide using iodine
solution as a mordant for 1 minute and rinsed
with water. The slide was then decolorized
rapidly with alcohol and rinsed with water. After
this the slide was then counter stained with
Safranin for 1 minute and rinsed with water and
examined under the microscope.

2.3 Bacterial DNA Isolation

Genomic DNA of the bacterial isolate was
extracted using CTAB protocol with slight
modifications [17]. In brief, 5 mL of freshly grown
bacterial culture in suitable centrifuge tube was
centrifuged at 10,000 rpm for 1 min. Supernatant
was discarded and resuspended the bacterial
pelleted in 750 yl of TE buffer (10 mMTris-ClI, 1
mM EDTA, pH 8.0). Twenty micro litre of
lysozyme (100 mg/ml) was added, mixed well by
inversion and incubated at 37 °C for 10 min.
then, 40 ul of 10% SDS and 8 ul of proteinase K
(10mg/ml) were added to the lysate, mixed well
and incubated for 30 min at 56 °C. One hundred
micro litre of 5 M NaCl was added, mix well and
then 100 ul of preheated (65 °C) CTAB/NaCl (4.1
g NaCl was dissolved in 80 ml of water and
slowly 10 g CTAB was added while heating
about 65°C and stirring. The final volume was
adjusted to 100 ml of nucleases free water and
sterilize by autoclaving and incubated at 65 °c
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for 10 min. After incubation, equal volume of
chloroform: isoamyl alcohol (1:1) solution was
added to the bacterial lysate, mixed by inversion
and centrifuged at 1000 rpm for 5 min. resulting
aqueous solution was transferred to a clean
eppendorf or micro centrifuge tube. DNA was
precipitate by added 0.6 volume of isopropanol,
mixed well by inversion, incubated on ice for 10-
15 min, and centrifuged at 10,000 rpm for 10
min. Supernatant was discarded and DNA pellet
was washed with 70% ethanol. Finally, DNA
pellet was resuspended in 100 pl of nucleases
free water, checked on agarose gel and used for
PCR analysis.

2.4 PCR Amplification and Sequencing

PCR amplification of the 16S rRNA gene
fragment was done by using 27F (5-
AGAGTTTGATCCTGGCTCAG-3) and 1492R (5-
TACGGTTACCTTGTTACGACTT-3) primers.
The reaction mixtures composed of 5 yl 10xPCR
buffer, 0.2 yM dNTPs, 1 uyM each primer, 5 pl
DNA template, 1 units Phusion® High-Fidelity
DNA Polymerase (NEB) and sterile deionized
water to a final volume of 50 pl. PCR profile was
kept as follows: initial denaturation at 94-C for 3
min, followed by 25 cycles of denaturation (94-C,
30 sec), annealing (51°C, 30 sec), extension (72
°C, 1 min), and final extension at 72-C for 5 min.
The amplified PCR products were agarose-gel-
eluted and purified using. The purified gel-eluted
rDNA fragments were sequenced with primers:
27F and 1492R.

2.5 Identification of Isolates by 16S rRNA
Sequence Analysis

The sequence data obtained from forward and
reverse primer were analysed using Bioedit
version 7.2.5 [18]. Consensus sequences were
obtained by performing pairwise alignment of
sequences and used for identification of bacterial
isolate. The nucleotide sequences were
searched against NCBI non redundant database
(Nr) using BLAST (BlastN).The top 10 hits were
used to construct a phylogenetic tree. The

sequence was submitted to the 16S rRNA
submission portal at NCBI
(https://submit.ncbi.nim.nih.gov/) to obtain

accession number.

3. RESULTS AND DISCUSSION

3.1Isolation of Bacteria from the Soil
Samples

Rhizospheric soil samples were collected from
research farm of TCA, Dholi. The collected soil
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samples were used for isolation of bacterial
isolates using serial dilution method. A plethora
of reports supports the serial dilution method for
identification of useful bacteria [15]. In present
investigation, two bacterial isolates (SS1 and
SS2) were isolated and used for further
characterizations.

3.2 Gram Staining

The isolates were preliminary characterized
based on gram staining and colony
morphology.The Gram stain is the common,
important, and most used differential staining
method for the phenotypic characterization of
bacteria [19,20]. In present investigation gram
staining were performed to characterize both the
isolates. The results of gram staining were
summarized in Table 1.

Table 1. Gram staining of bacterial isolates

Bacterial Gram staining Shape of
isolates bacteria
SS1 Gram-positive  rod-shaped
SS2 Gram-negative rod-shaped

3.3 Identification of Isolates by 16S rDNA
Sequence Analysis

Rapid identification of bacterial isolates were
crucial for appropriate use in agricultural
purposes. 16S rRNA sequencing has provided a
powerful strategy for bacterial identification
[21,22,23,20]. 16s rDNA was amplified from the
genomic DNA of both the identified isolates. The
amplified PCR product was gel purified and
sequenced using both forward and reverse
primer as mentioned in materials and methods.
The conserved sequences were obtained using
BioEdit software. Then, the bacterial strain
sequences were compared to sequences that
have been deposited in publically accessible
databases (NCBI) using BLASTN. Top ten hits
were used to create phylogenetic tree using
Clustal Omega
(https://www.ebi.ac.uk/Tools/msa/clustalo/) with
default parameters (Fig. 1). BLASTN followed by
analysis identified SS1 and SS2 bacterial
isolates as Bacillus anthracis and Providencia
vermicola, respectively. Sequencing of 16S rRNA
gene is widely regarded as the backbone of
bacterial phylogeny and taxonomic studies [24].
Clustal Omega [25] is a freely available open
access web tool, used in multiple sequence
analysis and phylogenetic analysis of 16s rDNA
sequences ([26].
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The 16S rDNA sequences of both the isolates
were submitted to the GenBank at NCBI. The
NCBI GenBank accession number for SS1 and
SS2 are MN622830.1 and MN622828.1.
GenBank (http://www.ncbi.nim.nih.gov/genbank/)
A)
_—  s$1
MN309882.1
MN309831.1
MT332157.1
MT299670.1
KY002647.1
MG788309.1
MG788306.1
MT254879.1
MN710592.1
MN309829.1

is a large collection of freely available nucleotide
sequences including 16S rDNA [27]. A workflow
for rapid identification of bacterial isolates has
been summarized in Fig. 2.

B) ss2

MN818649.1
MH553350.1
MH924826.1
MG049767.1
MH553349.1
MH553347.1
MN589673.1
MN547993.1
KX495211.1

MF092639.1

Fig. 1. Phylogenetic analysis of bacterial isolates based on 16S rDNA. A) Bacterial isolate
showing SS1 close homology with Bacillus sp. B) Bacterial isolate showing SS2 close
homology with Providencia sp.
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CONCLUSION

Sequencing of 16S rDNA has provided a
powerful strategy for bacterial identification. In
present investigation, we have shown the
stepwise procedure for bacterial isolation, gram
staining, amplification and sequencing of 16S
rDNA, phylogenetic tree construction and
submission of 16S rDNA sequences to GenBank
to obtain accession number. In summary, by
following this procedure researchers can rapidly
identify and utilize the potentials of bacterial
isolates.
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