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ABSTRACT 

Plant growth promotory Pseudomonas strains were isolated from root nodules of five plant species, viz., Trifolium pre-
tense, Cicer arietinum, Amaranthus polygamus, Vigna mungo, and Trigonella foenum; that plants were denizen of 
Shekhawati region of Rajasthan. A total of 8 bacterial isolates were evaluated for growth promotion using PGP proper-
ties. Partial 16S rDNA sequencing data showed that these 8 bacterial isolates belonged to genus Pseudomonas. MEGA 
4.0.2, software was used to construct a neighbor joining tree by employing boot strap method. Result exhibited signifi-
cant diversity among recovered Pseudomonas strains. 
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1. Introduction 

Bacterial diversity is of particular importance in human 
sustenance since these small creatures comprise the ma-
jority of earth’s species diversity. Bacterial diversity is 
considered as one of the most useful resource with con-
siderable significance in the global form of bioremedia-
tion and bio-prospecting [1]. Interaction between bacteria 
and roots of plants has been reported to be beneficial, 
detrimental or neutral and this delicate balance is a con-
sequence of both soil and plant type [2]. Bacteria, bene-
ficial to plants may be symbiotic or free living, and are 
abundant near the roots. Such beneficial free-living bac-
teria have been termed PGPR or plant growth promoting 
rhizobacteria [3]. They benefit plants through, 1) produc-
tion of plant hormones, such as auxins, 2) asymbiotic N2 
fixation, 3) antagonism against phytopathogenic micro-
organisms by production of antibiotics, siderophroes, -(1, 
3)-glucanase, chitinase, and cyanide, and 4) solubiliza-
tion of mineral phosphates and other nutrients [4-8]. A 
number of PGPR such as Bacillus, Pseudomonas and 
Arthrobacter have been used for enhancement of plant 
performance [9,10]. 

The use of fluorescents pseudomonads (FLPs) as 
PGPR requires precise understanding of the interactions 
between plant-bacteria, among bacteria-microbiota, and 

how biotic and abiotic factors influence these relation-
ships. Over the last few years, modern technologies, such 
as immunofluorescence microscopy and reporter genes, 
have improved the study of Pseudomonas inoculants in 
soil and have markedly enhanced the knowledge about 
their behaviour in this environment [11]. 

Nevertheless it is still necessary to better understand 
the plant response to the presence of the introduced bac-
teria. An important consideration is the characterization 
of the rhizosphere populations. Comprehension of the 
dynamics of the microbial populations could shed light 
on the process of selecting successful strains that pro-
mote plant growth and/or suppressing diseases. Recent 
advances in the study of the intra- and inter-species sig-
naling are providing an important area for scientific re-
search, as well as, relevant application. Understanding 
quorum sensing systems in antifungal metabolite produc-
tion and identification of promoters that can be induced 
or increased in the rhizosphere provides new approaches 
for the development of new biological control agents 
[12]. 

In the present study a molecular approach was used to 
characterize pseudomonads population recovered from 
root nodules of five plant species, viz., Trifolium pretense, 
Cicer arietinum, Amaranthus polygamus, Vigna mungo, 
and Trigonella foenum; that plants were denizen of 
Shekhawati region of Rajasthan, India. 
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2. Materials and Methods 

2.1. Isolation of Bacteria  

Root nodules of different leguminous plants were col-
lected from different arid areas of Shekhawati region of 
Rajasthan. For the isolation of bacterial strains, the nod-
ule surface was sterilized with 0.1% HgCl2 for 2 - 3 min 
and crushed in sterilized distilled water. Bacterial popu-
lation was enumerated by employing yeast extract man-
nitol agar (YEMA) [13], and chromeazurol “S”(CAS) 
agar for siderophore producers [14]. Plates were incu-
bated in triplicates at 28˚C. 

2.2. Functional Attributes of the Bacterial  
Isolates 

Isolates were tested for their ability to produce indole 
acetic acid [15,16], HCN, and siderophore. 

2.3. IAA Production 

Bacteria were grown overnight in five ml of M-9 mini-
mal medium [15] supplemented with L-tryptophan to 
achieve a final concentration of 0, 50, 100, 200 and 500 
g·ml–1. After incubation for 42 h, bacterial growth was 
measured spectrophotometrically at 600 nm; cells were 
removed from culture medium by centrifugation at 7500 
rpm for 10 min. A 1 ml aliquot of supernatant was mixed 
with 4 ml of Salkowski’s reagent (150 ml of concentrated 
H2SO4, 250 ml of D.W., 7.5 ml of 0.5 M FeCl3·6H2O). 
Samples were left at room temperature for 25 min and 
absorbance was read at 535 nm. The concentration of 
IAA was determined by referring to a standard curve. 

2.4. DNA Isolation and PCR 

Eight strains (TF-L, CH-L, CP-K, CP-L, MB-K, MB-L, 
TK-L, and TK-S) were characterized employing 16S 
rRNA sequencing. For Genomic DNA extraction, the 
bacteria were grown in Nutrient Broth on an incubator 
shaker (120-rev·min–1) at 28˚C for 24 hours. The HiPu-
rATM Genomic DNA Miniprep Purification Spin Kit for 
gram negative bacteria (HIMEDIA, Mumbai, India) was 
used to isolate DNA as described by manual of manu-
facturer. For DNA amplification, pure 3 μl DNA sample 
was used. The fD1 and rD1 primers were used for DNA 
amplification, which are used for the amplification of 
16S rDNA gene [17]. PCR reactions were performed in a 
final volume of 60 μl with 1.2 μl of each primer, 1.2 μl of 
MgCl2 (25 mM), 1.5 μl of dNTP mix (10 mM), 1.2 μl of 
Taq DNA polymerase with 6.0 μl PCR buffer, 3.0 μl 
DMSO (99.9%) and 41.7 μl Nuclease free water. This 
reaction mixture was made for 10 bacterial samples. The 
DNA was amplified over 30 cycles of Denaturation for 1 

min at 95˚C, annealing at 59˚C for 1 min and extension 
at 72˚C for 1 min. The final extension at which DNA 
extend, was 72˚C for 7 min. The conformation of Ampli-
fication was done by Agarose Gel Electrophoresis by 
running 5 μl of PCR reaction mixture on 1% Agarose 
gel. 

2.5. Sequencing of 16S rDNA 

16S PCR product was purified with exo-sap. The se-
quences were determined by using Big dye terminator 
Kit (ABI Foster city, CA, USA) on an ABI 310 DNA 
sequencer. For NJ tree, sequences were aligned using 
MEGA 4.0.2 software. The resulting sequences were 
compared with those stored in the gene bank data system 
using BLAST search [18]. The accession numbers of the 
16S rDNA sequences are described: TF-L (HQ890310), 
CH-L (HQ890311), CP-K (HQ890312), CP-L (HQ890313), 
MB-K (HQ890314), MB-L (HQ890315), TK-L (HQ890317), 
and TK-S (HQ890318). 

3. Results and Discussion 

Molecular tools for the identification of soil bacteria 
were used and 16S rRNA gene analysis was intensively 
used to understand the phylogenetic relationships. Bacte-
rial phylogenetic classification is based on sequence 
analysis of the SSU 16S rRNA molecule or its genes. 
Over 20,000 SSU RNA gene sequences have now been 
deposited in specialist r-RNA databases such as the 
rRNA Database Project (RDP) [19]. The 5-end region of 
the gene is useful for discrimination of Bacillus species 
[20], corynebacteria [21], and mycobacteria [22], whereas 
the distal region was used for identification of various 
clinical microorganisms [23]. A particularly exciting 
development is the use of real time DNA sequencing 
based on pyrosequencing to provide the DNA sequence 
for database searching [24]. Given the conservation of 
16S rRNA gene, at least 99% similarity seems to be a 
commonly accepted score for identification [25,26]. 

For further identification at genus level, bacterial iso-
lates were identified through homology search with 
BLAST and FASTA using partial sequence of 16S rDNA. 
Sequencing data showed that these eight isolates be-
longed to genus, Pseudomonas spp. being a dominant 
species. Only one bacterial isolate, CH-L showed distinct 
group from others and exhibited similarity with reference 
strains, P. aeruginosa and P. mendocina. A large group 
was made by isolates, TF-L, TK-S, MB-L with the ref-
erence strains, P. putida, P. gingeri, P. teessidea, P. 
moorei, P. koreensis, and P. fluorescens. Other isolates 
exhibited significant discriminatory relatedness with ref-
erence strains (Figure 1). All the sequences obtained 
rom eight isolates were aligned with each other to de-  f     
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Figure 1. Homology tree constructs by employing bootstrap method. 

5. Acknowledgements termine genetic diversity amongst the root-nodule bacte-
ria. A comparison of 16S rDNA sequence with the ref-
erence strain, Pseudomonas spp. to which they matched, 
was performed. A consensus tree was drawn from these 
aligned sequences using MEGA version 4.0.2. On the 
basis of 16S rDNA sequence homology four major clus-
ters were formed (Figure 1). 
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