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A b s t r a c t   A r t i c l e  I n f o  

Iron mining activities generate huge amount of mine spoil dumped in the form of 

overburden, which represents nutrient deficient situation inhospitable for the existence 

of flora and fauna. The deterioration in soil health because of the mining activities is a 

matter of environmental concern for which it deserves priority for its reclamation. The 

investigation about the microbial community structure and its characterization provide 

greater understanding about the microbial activities and their contribution towards 

ecosystem functioning. In the present study, a mesophilic bacterium was isolated from 

fresh iron mine overburden spoil and identified through 16S rDNA sequence analysis. 

Microbial characterization revealed that the isolated bacterium was gram negative, 

obligatory and facultative chemolithotroph. The bacterium exhibited optimal growth at 

37
o
C in culture medium with pH 5, which suggested that the bacterium was mesophilic 

and acidophilic in nature. The growth response of the bacterium revealed relatively 

higher growth rate in heterotrophic condition as compared to chemolithotrohic culture 

condition. Molecular phylogenetic analysis based on 16S rDNA sequence homology 

suggested that the isolated bacterium exhibited closer resemblance with Ralstonia 

solanacearum NC_003296.1 (100% sequence identity), which posses wide geographic 

distribution, large host range and the exceptional capacity to adapt in many different 

environments. 
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Introduction 

 

Mining activity causes drastic perturbations in properties 

and processes of soil profile leading to degradation and 

decline in soil quality (Lal, 1997). Pit scarred landscape 

with huge dumps of mine spoils in the form of 

overburden usually presents the common scenario in the 

opencast iron mine area (Juwarkar et al., 2004). Fresh 

iron mine spoil refers to a mixture of many impurities 

such as pyrite (FeS2), chalcopyrite (CuFeS2), pyrrhotite 

(FeS), arsenopyrite (FeAsS), galena (PbS), sphalerite 

(ZnS), pentlantite (FeNiS) and cobaltite (CoS) 

(Natarajan, 2008), which create a larger risks and hazards 

that jeopardize the ecosystems (Ghose and Sen, 1997, 

1998). Due to the extremities in conditions like high 

temperature, acidic or alkaline pH and at high calibers of 

salt (Mendo et al., 2004; Walczak and Donderski, 2004; 

Awais et al., 2008; Muhammad et al., 2009), it allows the 

existence of some specific microbes such as 

proteobacteria and acidobacteria which subsequently 

allow the colonization of other microorganism to induce 

the soil productivity. 

 

Increased exploration and exploitation of resources in the 

iron mine leading to anthropogenic disturbances causes 

extinction of species in the unprecedented rate thereby 
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creating a negative impacts on ecosystem functioning, 

which may lead to the discovery of new species that 

bring changes in soil microbiological and ecological 

properties (Druschel et al., 2004). Members of 

proteobacteria and acidobacteria are the most abundant 

soil bacteria (Janssen, 2006). Proteobacteria lineage is 

more diverse and stable than acidobacteria lineage, 

suggesting that the acidobacteria are more susceptible to 

variation in soil properties and to the disturbing factors 

(Youssef and Elshahed, 2009). However, proteobacteria 

can adapt to the extremities of fresh iron mine 

overburden spoil by creating their own 

microenvironment, as they encompass an enormous level 

of morphological, physiological and metabolic diversity 

and are of great importance to global carbon, nitrogen 

and sulfur cycling (Kersters et al., 2006). The most 

abundant and diverse class within the proteobacteria was 

alphaproteobacteria, followed by the beta, delta, gamma 

and epsilon proteobacteria distinguished by small 

differences in their rRNA sequences. Further, they are 

divided on the basis of their response to different 

temperatures such as mesophiles (20 to 40
o
C), moderate 

thermophiles (40 to 60
o
C) and extreme thermophiles 

(above 60
o
C).  

 

The microbes relevant to proteobacteria group (Smith, 

1896; Yabuuchi et al., 1995) function as plant growth-

promoting rhizobacteria (Kang et al., 2002). These 

bacterial strains are free living or root associated 

bacteria that can increase the plant growth and 

productivity through the production of phytohormones 

(Glick, 1995; Chanway, 1997; Bottini et al., 2004), 

antimicrobial compounds such as antibiotics and 

siderophores that solubilize and sequester iron 

(Emmert and Handelsman, 1999; Compant et al., 

2005). Further, it elicit plant defensive mechanism 

against foliar and soil borne pathogens, hence reduce 

the incidence of plant diseases (Weller, 1988; Achari 

and Ramesh, 2014). In addition, the bacterium 

contributes towards the development of biofilm 

through various mechanisms (Mansfield et al., 2012), 

able to dissimilate nitrates and to degrade xenobiotic 

compounds (Bossis et al., 2000). Besides, soil 

microorganisms are sensitive to environmental 

perturbations that alter the microbial community 

composition and activities thereby influence the 

ecosystem stability (Smith and Padendick, 1993). 

Therefore, microbial characterization is very essential 

for a broader understanding of soil health. 

Microbiological constraints of mine spoil have been the 

subject of microbiological research with the assessment 

of microbial community profiling to maintain the soil 

environment has become common place with high-

throughput techniques such as 16S rRNA (or rDNA) 

gene amplicon sequencing. Therefore, the microbial 

communities have been profiled using PCR amplification 

of rRNA genes, with the goal of understanding their 

ecological function (Pastrik et al., 2002). Comparisons of 

rRNA sequences defined the main lineages in the 

evolution of microorganisms as rRNAs are integral 

elements of the protein synthesizing apparatus, the basic 

components of which are present in all primary 

kingdoms, and are among the most highly conserved 

cellular molecules. Because of the similarity exist in 

rDNA gene sequence even in distantly related 

microorganisms; the sequences can be precisely aligned 

helpful in making differences among the microbes. 

Besides, the rDNA molecules have long been recognized 

for their utility as molecular chronometers (Woese, 

1987). However, the larger rDNA molecules contain 

many domains with independent rates of sequence 

change related to their structural and functional attributes 

(Kent and Triplett, 2002). Thus, the study of genes that 

encode the 16S rDNA and PCR technique have been 

extensively used to determine taxonomy, phylogeny 

(evolutionary relationships) and to estimate rates of 

species divergence among bacteria isolated from 

different sources with an understanding of their role in 

soil health (Mahdy et al., 2012).  

 

Keeping in view, the present study was designed for 

microbial characterization of the bacterium isolated from 

fresh iron mine overburden spoil. In addition, the 

detailed molecular phylogenetic analysis and taxonomic 

placements of 16S rDNA gene sequencing by specific 

PCR amplification can be shifted more towards 

computing more diligent and accurate estimates of 

species richness and evenness, identification of novel 

bacteria phyla (Elshahed et al., 2008) and computational 

comparisons of communities between different soil types 

due to its good discriminatory power and excellent ease 

of interpretation and performance. 

 

Materials and methods 

 

Study site  

 

The present study was carried out in the Thakurani iron 

mining area in Noamundi (geographical location: 85° 28' 

02.61" east longitude and 22° 8' 33.93" north latitude), 

maintained by M/s. Sri Padam Kumar Jain sponge mines 

Private Ltd. located in the revenue district of West 

Singhbhum, Jharkhand, India. The study site is 

surrounded by a number of new, old and abandoned mine 



Int. J. Curr. Res. Biosci. Plant Biol. 2016, 3(6): 73-81                                                                                                                 

M. Pasayat et al. (2016) / Microbial Characterization and Phylogenetic Analysis of a Mesophilic Chemolithotrophic 
Bacterium Isolated from Fresh Iron Mine Overburden Spoil 

75 

of iron ore overburden. The district experiences semi-

arid climate with annual average rainfall estimated to be 

1250.43mm as compared to the state average of 

1340mm. The mean annual temperature and humidity is 

around 19.67C and 20% respectively. The study site is 

situated away from the mean sea level of about 581m 

altitude. 

 

Mine spoil sampling  

 

Sampling was done from the fresh iron mine overburden 

in accordance with the methodology described by 

Parkinson et al., 1971. The fresh iron mine overburden 

was divided into 5 blocks, and from each block five mine 

spoil samples were collected randomly from (0-15) cm 

soil depth by digging pits (15 x 15 x 15) cm
3
 size 

referred as ‘sub-samples’. The sub-samples were mixed 

thoroughly to from one composite sample, which was 

sieved (0.2 mm mesh) and stored at 4C for further 

analysis. 

 

Isolation of bacterium 
 

The bacterium was isolated from fresh iron mine 

overburden spoil through standard agar plate method 

(Hallberg and Lindstrom, 1994; Johnson, 1995). Citrate 

broth was used for isolation, cultivation and maintenance 

of the bacterium with following medium composition: 

(NH4)2SO4: 0.5g, NaNO3: 0.5g, MgSO4: 0.5g, K2HPO4: 

0.5g, Fe (NH4)3(C6H5O7)2: 10g, CaCl2: 0.2g, Agar: 15g 

per liter of double distilled water and pH adjusted to 6.5 

with 1N HCL. About 100μl bacterial culture was 

streaked on citrate agar and subjected to incubation at 

37°C for 24 hrs. Isolated colonies were randomly taken 

and these steps were repeated in order to obtain pure 

culture of the bacterium. 

 

Microbial characterization  

 

Gram stain response of the bacterium isolated from fresh 

iron mine overburden spoil was performed through 

differential straining of the heat fixed smear of the 

bacterial culture with crystal violet followed by the 

addition of 1/2 drops of saffranin stain and observed 

under the microscope.    

 

Optimum pH required for growth of the isolated 

bacterium was determined through serial dilution 

technique (10
8
 folds). For the purpose, about 100l 

diluted culture was spread individually onto the already 

solidified citrate agar medium maintained at different pH 

and incubated at 37ºC for 24 hrs. The optimal pH range 

required for bacterial growth was estimated through the 

enumeration of bacterial CFU.  

 

Thermal death time of the isolated bacterium was 

determined by inoculating 100l of bacterial culture in 

5ml of citrate broth and subjected to incubation at 60ºC 

for different time interval. After incubation, the bacterial 

culture was streaked onto the citrate agar individually 

and incubated at 37ºC for 24 hrs for development of 

colonies. Gradual reduction in bacterial CFU revealed 

the time dependence on the temperature induced effect 

on the bacterium.  
 

Antimicrobial sensitivity test of the bacterium was 

performed through disc diffusion technique following 

Kirby-Bauer’s method (Madigan and Martinko, 2006) 

using different antibiotics such as amikacin, amoxycillin, 

azithromycin, cefotaxime, ciprofloxacin, erythromycin, 

gentamycin, kanamycin, levofloxacin, norfloxacin, 

ofloxacin, rifampicin, roxythromycin, streptomycin and 

tetracycline having concentration (0.5mg/ml) in 

triplicates and incubated at 37ºC for 24 hrs. The diameter 

of the zone of inhibition was measured. Growth analysis 

of bacterium was performed using citrate broth in 

chemolithotrophic (without glucose) as well as 

heterotrophic culture condition (with 10g/l glucose) 

individually, and was incubated at 37ºC for different time 

intervals. The growth response of the bacterium was 

determined by taking absorbance at 640 nm against 

control. 

 

Genomic DNA isolation  
 

Isolation of genomic  DNA  was  performed  using  the 

genomic  DNA  isolation  kit  (Chromous  bacterial  

genomic DNA Spin-50). About 100 mg bacterial pellet 

was suspended with 750 l of 1X suspension buffer 

followed by addition of 5l of RNaseA with intermittent 

mixing and kept at 65ºC for 10min. Then, 1ml of lysis 

buffer was added, mixed gently and kept at 65ºC for 

15min followed by centrifugation at 13000g at room 

temperature. The supernatant was collected, loaded on to 

the spin column (600l each time) and centrifuged at 

13000g for 1 min at room temperature. The supernatant 

was discarded. About 500l of 1X wash buffer was 

added to column and centrifuged at 13000g for 3 min. 

The spin column was placed in a fresh 1.5ml vial 

followed by addition of 50l of warm elution buffer 

(kept at 65ºC) and centrifuged at 13000g for 1min. The 

eluted DNA was resolved by 1% agarose gel to estimate 

the quality and quantity of template DNA used for PCR 

amplification. 
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Gel elution of PCR products 

 

Amplified PCR product was cut from the gel and kept 

in a 2ml microcentrifuge tube. About 3 volumes of gel 

extraction buffer was added to 1 volume of gel and 

incubated at 55°C for 10 min with intermittent mixing. 

Then, 1 volume of isopropanol was mixed with the gel 

extracted solution, loaded on to the spin column (600l 

each time) and centrifuged at 13000g for 1 min at room 

temperature. Then, 500l of wash buffer was added and 

centrifuged at 13000g for 3 min at room temperature. 

The content of the collection tube was discarded. The 

spin column was placed in a fresh 1.5ml 

microcentrifuge tube with 15l of elution buffer and 

centrifuged at 13000g for 1 min at room temperature. 

The purified DNA was collected and stored at 4ºC for 

further analysis.  

 

16S rDNA sequencing and analysis   

 

The 16S rDNA fragment was subjected to sequencing 

based on the chain termination reaction (Imhoff et al., 

2013) using ‘BigDye terminator sequencing Ready 

Reaction kit’ (version 3.1) (PE Applied Biosystems) 

through the automated ABI 3500 XL genetic analyzer 

using both the primers (Forward: 5’-

AGAGTTTGATCMTGGCTCAG-3’ and Reverse: 5’-

TACGGYTACCTTGTTACGACTT-3’). The sequencing 

mixture (10l) included BigDye terminator ready 

reaction mix: 4l; template (100ng/ul): 1l; primer 

(10pmol/): 2l; Milli Q water: 3l. The PCR conditions 

includes 25 cycles with initial denaturation at 96°C for 1 

min, denaturation at 96°C for 10 sec, hybridization at 

50°C for 5 sec followed by the final elongation at 60°C 

for 4 min.  

 

The 16S rDNA sequence was aligned using the ‘JustBio 

online bioinformatics tool’ (http://www.justbio.com) and 

assembled into a contiguous chain. Besides, the 16S 

rDNA sequence of the isolated bacterium was subjected 

to homology search using ‘BLAST’ at NCBI (Altschul et 

al., 1997). The representative sequences were retrieved 

from the databases and subjected to multiple sequence 

alignment using CLUSTAL W. The computed alignment 

was analyzed for chimera using QIIME (version 1.5) 

(http://www.qiime.org). The final sequence of 16S rDNA 

was deposited in the GenBank using BankIt submission 

tool. Based on the 16S rDNA sequence homology, the 

evolutionary distances were computed through MEGA 

(version-6.0) program (Tamura et al., 2013) with p-

distance using neighbor-joining method (Saitou and Nei, 

1987). Further, the bootstrap values were calculated from 

1000 replications to represent the evolutionary history of 

the microbial taxa (Felsenstein, 1985) using MEGA 

(Version 6.0). 
 

Results and discussion  
 

Microbial characterization 
 

The bacterium derived energy for its grow and proliferate 

utilizing the nutrients supplemented with citrate broth 

and hence was used for isolation and maintenance of the 

bacterium. The isolated colonies of the bacterium 

appeared on the citrate agar plates were observed to be 

(1-2) mm in diameter, smooth, circular, brown in colour, 

convex and greater opacity in their sizes. Gram stain 

response revealed that the isolated bacterium was rod 

shaped gram negative bacteria. Based on the variation in 

CFU counts of the bacterium grown under culture 

conditions with different pH, the study suggested that the 

bacterium exhibited relatively higher growth rate at      

pH 5. Besides, the isolated bacterium exhibited a decline 

trend with respect to their CFU counts upto 1½ hrs, but 

no colony was observed at 2 hrs of incubation at 60ºC. It 

is evident from the study that the thermal death time of 

the bacterium was found to be 2 hrs at 60ºC and was 

suggested to be mesophilic, which cannot be susceptible 

at moderately higher temperature for a longer time. 
 

Antibiotics sensitivity test revealed clear circular zone of 

inhibition against different antibiotics, which indicated 

their potency against the isolated bacterium (Fig. 1). The 

study suggested that the bacterium was found to be 

resistant against gentamycin, kanamycin
 

and 

roxythromycin, where as sensitive towards the antibiotics 

such as amikacin, amoxicillin, azithromycin, cefotaxime, 

ciprofloxacin, erythromycin, levofloxacin, norfloxacin, 

ofloxacin, rifampicin, streptomycin and tetracycline.  
 

Growth analysis 
 

The growth response of the isolated bacterium was 

performed in citrate broth with chemolithotrophic 

(without glucose) as well as heterotrophic (with 10g/l 

glucose) culture condition at 37ºC (Fig. 2). The lag phase 

continued upto 5
th
 hr of incubation and thereafter the 

exponential phase continued till 48
th
 hr of incubation in 

the chemolithotrophic culture condition. Similarly, the 

lag phase continued upto 45min of incubation in 

heterotrophic culture condition. The exponential phase 

started after 45min and continued till 43
rd

 hr of 

incubation in heterotrophic culture condition (Fig. 2). 
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The study clearly revealed variation in growth rate of the 

bacterium with respect to the different culture conditions. 

It is evident from the analysis that the specific growth 

rate () of the bacterium in heterotrophic condition 

(0.046 hr
-1

) was comparatively higher than 

chemolithotrophic culture condition (0.041 hr
-1

). 

Relatively less growth rate of the bacterium in 

chemolithotrophic culture condition may be explained on 

the basis of slow energy yielding activities attributed to 

the nutrient deficient situation of fresh iron mine 

overburden spoil. Besides, the study revealed the potency 

of the bacterium to shift from the chemolithotrophic to 

heterotrophic condition supplemented with extraneous 

organic carbon. 
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Fig. 1: Antibiotics sensitivity test of the isolated bacterium. The diameter of zone of 

inhibition is expressed in (mm ± SD); n= 3. 
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Fig. 2: Growth curve of the bacterium in chemolithotrophic (without glucose) and 

heterotrophic (with glucose) culture conditions at different hour of incubation at 37C. 
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PCR amplification 

 

The identification of the bacterium becomes a challenging 

mission for the microbial ecologists to unravel microbial 

diversity. PCR amplification of 16S rDNA with forward: 

5’-AGAGTTTGATCMTGGCTCAG-3’ and reverse: 5’-

TACGGYTACCTTGTTACGACTT-3’ primers generated 

the amplicon size of 1.5 Kb in 1.5% agarose gel (Fig. 3).  

 
Fig. 3: PCR amplification of 16S rDNA of the bacterial isolate 

revealed the amplicon size of ~1.5Kb (Lane M: marker DNA; 

Lane 1: amplicon size of ~1.5Kb).  

 

Blast analysis and sequence homology 

 

The 16S rDNA sequence of the isolated bacterium was 

subjected to homology search using BLAST. Highest 

degree of sequence homology exhibited by the 16S 

rDNA sequence was represented (Table 1). The study 

suggested that the 16S rDNA sequence of the isolated 

bacterium shared 100% sequence identity with the 16S 

rDNA of Ralstonia solanacearum GMI1000 

(NC_003296.1) and 99% sequence identity with 16S 

rDNA of Ralstonia pickettii 12J (NC_010678.1). 

Besides, it exhibited 97% sequence identity with the 16S 

rDNA sequence of Herbaspirillum seropedicae SmR1 

(NC_014323.1) and Collimonas fungivorans Ter331 

(NC_015856.1) respectively (Table 3). In addition, it 

shared 96% sequence identity with Burkholderia 

rhizoxinica HKI 454 (NC_014722.1), Chromobacterium 

violaceum ATCC 12472 (NC_005085.1); 95% sequence 

identity with the 16S rDNA sequence of Burkholderia 

glumae BGR1 (NC_012724.2), Burkholderia phymatum 

STM815 (NC_010622.1). Further, it showed 94% 

sequence identity with the 16S rDNA sequence of 

Cupriavidus metallidurans CH34 (NC_007973.1), 

Burkholderia xenovorans LB400 (NC_007952.1), 

Basilea psittacipulmonis DSM 24701 (NZ_CP009238.1), 

Nitrosospira multiformis ATCC 25196 (NC_007614.1), 

Basilea psittacipulmonis DSM 24701 (NZ_CP009238.1), 

Burkholderia phenoliruptrix BR3459a (NC_018695.1) 

and 93% sequence identity with the 16S rDNA sequence 

of Dechlorosoma suillum PS (NC_016616.1), 

Castellaniella defragrans 65Phen (NZ_HG916765.1) 

and Azoarcus aromaticum EbN1 (NC_006513.1) 

respectively (Table 1).   

 
Table 1. 16S rDNA sequence homology of the query sequence (Accession no. KU500376) with closely related sequences from 

databases using BLAST analysis.  

Microbial strains 
NCBI 

(Accession No.) 

Query 

coverage 
E-value Identity  

Ralstonia solanacearum GMI1000 NC_003296.1 99%  2e-179 100% 

Ralstonia pickettii 12J NC_010678.1 99%  1e-172 99% 

Herbaspirillum seropedicae SmR1 NC_014323.1 85%  7e-160 97% 

Collimonas fungivorans Ter331 NC_015856.1 85%  7e-160 97% 

Burkholderia rhizoxinica HKI 454 NC_014722.1 99%  1e-157 96% 

Chromobacterium violaceum ATCC 12472 NC_005085.1 85%  9e-154 96% 

Burkholderia glumae BGR1 NC_012724.2 97%  1e-152 95% 

Burkholderia phymatum STM815 NC_010622.1 96%  3e-148 95% 

Cupriavidus metallidurans CH34 NC_007973.1 99%  1e-147 94% 

Burkholderia xenovorans LB400 NC_007952.1 96%  1e-146 94% 

Ralstonia eutropha H16 NC_008314.1 99%  1e-142 94% 

Nitrosospira multiformis ATCC 25196 NC_007614.1 85%  2e-140 94% 

Basilea psittacipulmonis DSM 24701 NZ_CP009238.1 99%  2e-141 94% 

Burkholderia phenoliruptrix BR3459a NC_018695.1 99%  7e-145 94% 

Dechlorosoma suillum PS NC_016616.1 84%  3e-138 93% 

Castellaniella defragrans 65Phen NZ_HG916765.1 99%  4e-137 93% 

Azoarcus aromaticum EbN1 NC_006513.1 84%  4e-137 93% 
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Molecular phylogenetic analysis 

 

The 16S rDNA sequence obtained from the isolated 

bacterium was subjected to phylogenetic analysis 

conducted in MEGA 6.0 (Tamura et al., 2013). The 

evolutionary history was inferred using Neighbor 

Joining method (Saitou and Nei, 1987). The 

percentage of replicate trees in which the associated 

taxa clustered together in the bootstrap test (1000 

replicates) is shown next to the branches (Felsenstein, 

1985). Evolutionary distance was computed using the 

p-distance using NJ method (Nei and Kumar, 2000) 

reflecting the units of the number of base substitutions 

per site. The analysis involved 18 nucleotide 

sequences. The dendrogram is drawn to scale with 

branch length in the same unit as the evolutionary 

distance used to infer phylogeny (Fig. 4). All positions 

containing gaps and missing data were eliminated. 

There were a total of 310 positions in the final 

datasets. 

 

 
Fig. 4: Dendrogram based on NJ method showing the relatedness between 16S rDNA sequence of the bacterium and its 

closest relative sequences retrieved from databases. 

 

Conclusion 
 

Molecular phylogenetic analysis based on 16S rDNA 

sequence homology suggested that the isolated bacterium 

cultured from fresh iron mine overburden spoil exhibited 

close resemblance with Ralstonia solanacearum 

NC_003296.1 (100% sequence identity). The genus 

Ralstonia is within the β-subdivision of the 

proteobacteria and includes five species, R. picketii, R. 

insidiosa, R. mannitolilytica, R. syzygii and R. 

solanacearum (Yabuuchi et al., 1995). Its wide 

geographic distribution, large host range and the 

exceptional capacity to adapt in many different 

environments made it more important for the soil 

environment. Further, the sequence variability of rDNAs 

and the advent of PCR made rDNA even more accessible 

for sequencing providing a unique opportunity for        

in-depth phylogenetic analysis to highlight the breadth of 

diversity within various major bacterial phyla 

encountered in soil. The 16S rDNA sequence of the 

bacterium was submitted to NCBI GeneBank (Accession 

no. KU500376).  
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