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Bacillus subtilis is commonly found in soil, air and composts. It plays a very 

important role in agriculture as a bio control. Which shows high degree of 

similarity with existing NCBI 16s rRNA sequences. Among previously submitted 

thirteen NCBI samples three accessions KU936341, KU936344 and KU936345 

were used for modelling of RNA secondary structure. The mfold web server is 

used for the secondary structure prediction and to identify conformational 

changes, the most stable structure was selected. Which identifies high percentage 

of secondary structure pairing and executes the Gibbs free energy of the strains. 

KU936341, KU936344 and KU936345 shows -315.3 kcal/mol, -320.4 kcal/mol 

and -260.7 kcal/mol of free energy respectively.  
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INTRODUCTION 

Bacillus subtilis (B. subtilis) is a Gram 

positive, rod shaped bacteria, spore forming 

bacterium commonly found in soil (Earl et al., 2008). 

It was discovered by Christian Gottfried Ehrenberg 

in 1835 earlier it was named as “Vibrio subtilis”. In 

1872 Ferdinand Cohn renamed this bacterium as 

“Bacillus subtilis”. This bacterium also known as 

hay bacillus, grass bacillus. It is an endospore 

forming bacterium it allows to withstand in extreme 

temperature as well as dry environmental conditions. 

B. subtilis not considered as disease causing agent or 

toxic. 

It is radially present in soil, air and plant 

compost. When it is active it produces many 

enzymes. It is also present in human body, mostly on 

skin and intestinal tract. And it is very rare to active 

on human body. This bacterium produces many 

antibiotics and which are used as broad-spectrum 

antibiotics. 

B. subtilis also produces some fungicidal 

compounds like fengycin and iturin, which are being 

investigated as bio control agents for fungal 

pathogens. It is used as soil inoculant in agriculture 

and horticulture crops (Yánez-Mendizábal et al., 

2012) also used in protection of ornamental and 

various agricultural seeds. For the protection from 

fungus in ornamental seeds as well as in agricultural 

seeds it is being used as fungicide. Beside all the uses 

of this organism it is also used as model organism for 

laboratory experiments. Because it is very easy to 

genetic manipulation. 

The use of 16S rRNA gene sequencing to 

identify the bacterial species, now 16s rRNA 

database is well established and it is easy to confirm 

the bacterial species, because of the availability of 

the 16s rRNA database. Availability of the technical 

and computational advances has also helpful for 16s 

rRNA sequence analysis (Amann et al., 1995; Patel, 

2001; Rantakokko-Jalava et al., 2000). Recent 

reports showed that 16s rRNA gene could be used 

for species identification (Sacchi et al., 2002). In the 

earlier publication we have identified the bacterium 

B. subtilis and molecular diversity study was carried  
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out using 16s rRNA universal primers (Kumbar et 

al., 2017). For secondary structure prediction most 

of the methods depends on the nearest neighbor 

energy model (Xia et al., 1998; Mathews et al., 

2004). Dynamic programming is generally used for 

the secondary structure prediction, which also helps 

in the calculation of thermodynamic free energy. To 

check the correct function of RNA molecule 

secondary structure is very necessary. For the RNA 

secondary structures prediction there are so many 

servers like RNAdraw, RNAfold, Mfold etc are 

available. In our study for the study of RNA folding 

we have used Mfold web server is used. Because it 

uses the neighbour energy rules to calculate the 

secondary structure of the RNA.  

 

MATERIALS AND METHODS 

Sample selection 

In the earlier publication we have screened 

the B. subtilis samples. Both morphological and 

molecular identification was explained. Total 

thirteen 16s rRNA sequences were deposited to 

NCBI and accession numbers were obtained. 

Nucleotide sequence selection 

Among thirteen 16s rRNA sequences three 

samples were selected for further study. NCBI 

accessions KU936341, KU936344 and KU936345 

used for study. 

Modelling of RNA secondary structure 

For the modelling of 16s rRNA secondary 

structure Mfold software is used. This algorithm 

widely uses the minimal free energy state (Zuker, 

1989). MFold calculates energy matrices that 

determine all optimal and suboptimal secondary 

structures for an RNA molecule. Plot Fold displays 

the optimal and suboptimal secondary structures for 

an RNA molecule predicted by MFold. Stem 

Loop finds all possible stems and stems can be 

plotted with DotPlot. 

 

RESULTS AND DISCUSSION 

B. subtilis is one of the important bacteria, 

which will produce spores because of this it survive 

under extreme temperature. It also produces 

lipopeptides which shows antimicrobial activity 

(Ongena and Jacques, 2008). For the further in vitro 

and in vivo study of the organism molecular level 

identification is necessary. We have used three 16s 

rRNA nucleotide sequences which were submitted 

by us in earlier publication (Kumbar et al., 2017). 

800bp upstream regions of the NCBI accessions 

KU936341, KU936344 and KU936345, sequences 

were used for the secondary structure prediction. 

Using Mfold software 16s rRNA structure was 

predicted for all the three B. subtilis strains. The 

initial free energy of all the strains were recorded in 

Table 1. 

The secondary structure was performed for 

three different strains of B. subtilis strains using 

Mfold web server. The approach based on free 

energy was helpful for identification of B. subtilis 

and it is also better for thermodynamic use of 

identification. In our strain B. subtilis KU936341 

showed -315.3 kcal/mol (Figure 1) of optimal energy 

of 16s rRNA secondary structure. And B. subtilis 

KU936344 and B. subtilis KU936344 showed -320.4 

kcal/mol and -260.7 kcal/mol respectively (Figure 2 

and Figure 3).  

Nucleic acid secondary structure dot plot is 

a triangular plot which represents base pairs as dots 

(Figure 4). The main advantage of this dot blot which 

display the base pairs in more than one folding at 

37°C. It can be used to compare few folding’s. Using 

the efficient algorithm, it is too complicated to 

develop multi-branch loops. Therefore, slightly 

simpler rules are used for folding. This simpler rule 

gives the “initial free energies” (initial dG). And 

final the energies expressed with the best rules 

(Mathews et al., 1999).  

 

 

 

Table 1: Bacillus subtilis strains with optimal energy of 16S rRNA secondary structure 

 

 

Accession number Optimal energy Kcal/mol 

KU936341 -315.3 kcal/mol 

KU936344 -320.4 kcal/mol 

KU936345 -260.7 kcal/mol 
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Figure 1: Secondary structure of 16s rRNA of B. subtilis KU936341 (-315.3 kcal/mol). 
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Figure 2: Secondary structure of 16s rRNA of B. subtilis KU936344 (-320.4 kcal/mol). 
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Figure 3: Secondary structure of 16s rRNA of B. subtilis KU936345 (-260.7 kcal/mol). 

 

This study helped to predict secondary 

structure of 16s rRNA and to identify conformational 

changes, and Mfold web server gives suboptimal 

foldings as well as an ``energy dot plot''. Depending 

on energy level which gives the different secondary 

structure and the most stable structure was selected 

for the study. All the base pairs participated in the 

folding of the RNA are represents the dot blot, and 

the folding was carried out with the minimum 

folding energy. And the predicted models are the 

best models. 
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Figure 4: Corresponding energy dot plot for the annotated structure plot of 12-kcal/mol. The optimal predicted 

folding is shown in the lower left triangle and all base pairs within 12 kcal of the optimal folding are shown 

in the upper right triangle. A. B. subtilis KU936341, B. B. subtilis KU936344 and C. B. subtilis KU936345. 
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