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ABSTRACT 

Spinacia oleracea L. (child spinach) is a fairly young Amaranthaceae family leaf vegetable. 

The crop is high in human supplements and includes considerable quantities of bioactive 

mixtures such as nutrients A, C, and minerals. PGPR bacteria from Spinacia oleracea grow 

soil are isolated and biochemical characteristics are identified in this study.  The parameter of 

soil was analysed.  Genomic DNA was extracted from cultured bacteria. The isolated 

genomic DNA was amplified using the 16s rRNA region. The new DNA sequences were 

identified at the genus and species levels with the BLAST software tool (NCBI, USA) and 

deposited in (The National Center for Biotechnology Information) NCBI, with accession 

numbers acquired from Genbank. MEGA 11.0 (Molecular Evolutionary Genetics Analysis) 

was used to perform phylogenetic analysis on the DNA sequences that were most similar to 

the query sequences. The phylogenetic tree was generated based on the Neighbour-joining 

method. 
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INTRODUCTION: 

Spinach (Spinacia oleracea L.), a yearly 

plant, is a green, verdant vegetable that can 

be harvested in the spring [1]. The dietary 

benefit of new spinach, with 91 percent 

dampness content, shows between 0.4 and 

0.6 percent lipid content, around 2.9 

percent protein content, and high levels of 

fundamental amino acids, aside from 
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sulfurous amino acids (methionine) and 

tryptophan [2, 3]. Despite the fact that the 

carbohydrate content is extremely low (2 

percent -10 percent), the fiber content is 

high (2.2 percent). There are numerous 

medical advantages associated with the use 

of spinach, including its lipid-lowering 

properties and cardiovascular protection, 

antiobesity effects, hypoglycemic action, 

mitigating effects, anticancer properties, 

neuronal insurance, and antimacular 

degeneration, among others [4]. Because it 

contains a lot of phenolic or flavonoid 

compounds, chlorophylls, ferulic corrosive 

and caffeic corrosive, quercetin, patuletin, 

spinacetin, and jaceidin, which are 

primarily found in the leaves, with the 

highest levels in the middle of the year [5] 

new spinach is attributed cell reinforcement 

properties [6].  

The aim of the present investigation 

is to collect the PGPR bacteria from 

Spinacia oleracea  soil samples, and PGPR 

microorganisms were isolated from 

Spinacia oleracea  soil samples, then to 

describe their morphological, biochemical, 

and Molecular portrayal of PGPR microbes 

sequencing and phylogenetic analysis. 

MATERIALS AND METHODS 

Collection of Soil 

Soil samples were taken from Spinacia 

oleracea  soil. The top 7 cm of soil was 

discarded during collection, and the lower 

soil layer beneath this was collected. 

Aseptically collected in a neat and clean 

polythene packet and then brought to the 

laboratory and kept in an aseptic 

environment for use in the future 

Isolation of Bacteria 

Bacterial strains were isolated from soil 

samples using a serial dilution technique 

using Nutrient Agar Media (Beef extract-

3g; Peptone-5g; Agar-5g; Distilled water-

1000ml., Sodium chloride-5g, pH-6.8). 

Plates were incubated at 280 degrees 

Celsius for 48-72 hours, and the number of 

bacterial colonies developed was recorded 

and inoculated separately in Nutrient Agar 

slants, which were kept at 40 degrees 

Celsius for further work. 

Characterization of bacteria 

Characterization of isolated bacteria was 

carried out using standard methods such as 

morphological studies, cultural properties, 

staining nature, and biochemical 

peculiarities. Color, elevation, and colony 

edge are all morphological characteristics. 

The Gram nature of each isolate was 

initially determined by staining with crystal 

violet and safranin. Among the biochemical 

tests, amylase, catalase, gelatin hydrolysis, 

urease, and citrate utilisation were 

performed using standard techniques for 

bacterial characterization. (This is followed 

by Capuccino Sherman's Microbiology-A 

Laboratory Manual, 7th edition). 

Characterization of plant growth-

promoting Rhizobacteria (PGPR) [7-11] 
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Table 1 

  

 

 

 

 

Molecular characterization of Bacteria 

isolates 

A modified organism by adding the 

unadulterated culture in the 250 ml funnel-

shaped carafes containing 100 ml of the 

medium, the DNA extraction strategy was 

used to separate DNA from growths [12] 

the microscopic organisms developed in 

Nutrient stock. The carafes were hatched 

for 24 hours at 372 ° C with shaking. An 

adjusted CTAB strategy for 

microorganisms DNA extraction technique 

was utilized to seclude DNA from 

microscopic organisms [13]. The 

sequencing response was performed with 

ABI large color cycle sequencing 

Biosystems responses (Applied 

Biosystems) at Eurofins Genomics, 

Bangalore 

Data analysis 

The BLAST programming device 

was used to identify the new DNA 

groupings (NCBI, USA). The 

classifications were saved in the NCBI. 

MEGA 7.0 (Molecular Evolutionary 

Genetics Analysis) was used to perform 

phylogenetic analysis on the DNA groups 

that showed the most extreme similarity to 

question successions. The phylogenetic tree 

was constructed using the Neighbor-Joining 

method. 

RESULTS AND DISCUSSION: 

In this study, PGPR bacteria 

isolated from Spinacia oleracea soil were 

enumerated. Morphological, biochemical, 

Molecular and PGPR characteristics were 

determined using various techniques. The 

bacterial isolates were tested for colony 

morphology and biochemical properties 

using the standard methods described in 

Cappuccino Sherman's "Microbiology- A 

Laboratory Manual" (7th edition). The 

PGPR tests were performed using standard 

methods, as shown in Table 1, Table 2 

shows the appearance of yellow coloration, 

bubble production, gelatin liquefaction, 

appearance of blue colour, and conversion 

of yellow to pink colour were all noted, 

Table 3 shows the results of PGPR 

confirmation tests. The Molecular 

characterization are carried out with 

16srRNa  

P Solubilization Pikovskaya (1948)
IAA Production Brik et a l (1991)

Ammonia Production Dye method (1962)

ACC Deaminase activity

Dworkin and Foster, 
1958; Penrose and 

Glick, 2003

HCN Production
Bakker and Schipper 

(1987)

PGPR Bacteria Tests
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Biochemical characterization of Bacteria 

(Table 2) 

Molecular Identification: 

DNA Isolation, Amplification, and 

Sequencing  

DNA isolation of cultured fungi was 

successful and purified using a sodium 

acetate-ethanol precipitant, and DNA 

isolation of bacteria was successful and 

purified using a modified CTAB - method. 

The isolated genomic DNA was amplified 

using PCR, with amplicons ranging in 

length from 800 -1200bp 16srRNA regions. 

Accession Number of PGPR bacteria 

The isolated PGPR bacteria are 

successfully submitted and get accession 

numbers from Genbank. Pseudomonas 

putida (ON261599), Bacillus subtilis 

(ON261566), Pseudomonas aeruginosa 

(ON261400), Bacillus paramycoides 

(ON261399) and Bacillus cereus 

(ON261398). 

 Phylogenetic Analysis 

The Phylogenetic analysis shows 

Pseudomonas putida and Pseudomonas 

aeruginosa species in a single clade from 

the same branches, whereas Bacillus 

cereus, Bacillus subtilis, and Bacillus 

paramycoides are Present in three different 

clades. 

Evolutionary relationships of taxa  

The evolutionary history was inferred using 

the Neighbor-Joining method [14]. The 

optimal tree is shown. The percentage of 

replicate trees in which the associated taxa 

clustered together in the bootstrap test 

(1000 replicates) are shown below the 

branches [15]. The evolutionary distances 

were computed using the Maximum 

Composite Likelihood method [16, 17] and 

are in the units of the number of base 

substitutions per site. The proportion of 

sites where at least 1 unambiguous base is 

present in at least 1 sequence for each 

descendent clade is shown next to each 

internal node in the tree. This analysis 

involved 5 nucleotide sequences. Codon 

positions included were 

1st+2nd+3rd+Noncoding. All ambiguous 

positions were removed for each sequence 

pair (pairwise deletion option). There were 

a total of 1185 positions in the final dataset. 

Evolutionary analyses were conducted in 

MEGA11 [18, 19]. 

 

 

 
 
 
 
 
 
 
 



Rahini G And Sumathi V*                                                                                                                      Research Article  
 

 
2989 

IJBPAS, July, 2023, 12(7) 

 
 

Table 2: Isolation and characterization of bacteria 

 
 

  

 

 
 

Biochemical 
Tests

Gram Staining Indole Methyl red
Citrate 

Utilization 
Voges–Pros
kauer (VP) 

Urease Oxidase
Starch 

Hydrolysis 
Catalase Nitrate Strain Name

Principle

Cell wall composition
Deamination and 

hydrolysis by bacteria
Detects acid 
production

Detects capability 
of organisms to 
utilize citate as 

sole carbon 

Detects 
acetylmethyl 

carbinol 
Production

Detects 
urease 
activity

Detects the 
presence of a 
cytochrome 

oxidase 

Detects 
organism to 
hydrolyze 

starch

Detects 
presence of 

catalase

Detects a 
organism to 

reduce 
nitrate to 

ABA 1

Positive Negative Positive Positive Positive Positive Positive Negative Positive Positive Bacillus paramycoides 

ABA 2

Positive Negative Positive Positive Positive Positive Positive Negative Positive Positive Bacillus subtilis 

ABA 3

Positive Negative Positive Positive Positive Positive Positive Negative Positive Positive  Bacillus cereus 

ABA 4

Negative Positive Negative Negative Negative Negative Positive Positive Negative Positive
Pseudomonas 

aeruginosa 

ABA 5

Negative Positive Negative Negative Negative Negative Negative Positive Negative Positive Pseudomonas putida 

Sample Code P Solubilization IAA Production
Ammonia 

Production
ACC Deaminase activity

HCN 
Production

Catalase Activity

ABA 1 Positive Positive Positive Positive Positive Positive

ABA 2 Positive Positive Positive Positive Positive Positive

ABA 3 Positive Positive Positive Positive Positive Positive

ABA 4 Positive Positive Positive Positive Positive Positive

ABA 5 Positive Positive Positive Positive Positive Positive

Table 3: PGPR tests of isolated bacterial strains 
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Table 4: Bacterial isolates showing Quantitative P-solubilization & IAA Production 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Phylogenetic Tree of PGPR Bacteria Isolated From Spinacia oleracea  

Sample Code P Solubilization IAA Production

ABA 1 Positive 421.51µg/ml

ABA 2 Positive 410.52µg/ml

ABA 3 Positive 412.63µg/ml

ABA 4 Positive 552.31µg/ml

ABA 5 Positive 514.32µg/ml
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CONCLUSION:  

PGPR Bacteria were successfully 

isolated from the Spinacia oleracea soil 

sample belonging to the regions of the 

palakarai Area, Tiruchirappalli. From the 

cultured Bacteria, DNA was isolated, 

amplified, and sequenced using the 16s 

rRNA region. The phylogenetic tree 

obtained by MEGA 11.0 suggests that five 

PGPR bacteria were isolated from Spinacia 

oleracea Soil samples. 
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