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12The genus Bacillus constitutes of phenotypically
heterogeneous, physiologically, metabolically and
phylogenetically diverse species [1, 2]. Numerous
attempts have been made to identify and classify the
members of this gram positive, spore forming bacteria
based on their morphometric characters, sporulation,
utilization and degradation of various compounds,
rDNA homology, DNA base composition etc. [2–4
(3–5)]. With the development of advanced molecular
tools, further phenotypic and genetic characterization
of the members of the Bacillus have led to the creation
of new genera like Amphibacillus, Alicyclobacillus,
Paenibacillus, Aneurinibacillus, Brevibacillus, Virgiba�
cillus, Gracilibacillus, Salibacillus, Filobacillus, Geoba�
cillus, Ureibacillus, Jeotgalibacillus and Marinibacillus
[6–12].

16S rDNA sequencing technology with the avail�
ability of huge number of reference sequences in pub�
lic domain databases (like NCBI, DDBJ, EMBL,
RDP etc.) have provided an excellent opportunity for
identification and characterization of microorganisms
at species and subspecies levels [13]. Restriction pat�
terns of 16S ribosomal DNA have also been exploited
as a rapid identification tool for different bacteria [14−
18]. PCR based techniques using repetitive elements

1 The article is published in the original.
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like BOX, REP, (GTG)5 and ERIC (Enterobacterial
Repetitive Intergenic Consensus) have recently been
used extensively for genetic characterization of both
gram�positive and gram�negative bacteria and popula�
tion genetic studies. The repetitive extragenic palin�
dromic (REP) elements are palindromic units con�
taining a variable loop in stem�loop structure [19].
ERIC sequences are characterized by central, con�
served palindromic structures [20] while BOX ele�
ments consist of differentially conserved subunits,
namely boxA, boxB, and boxC [21] of which only the
boxA�like subunit sequences are highly conserved
among diverse bacteria [22]. Methods based on such
repetitive elements have also been used for studying
the diversity in the ecosystem, presenting the phyloge�
netic relationship between strains and discriminating
between microorganisms those are genetically close to
each other [23].

In this study, we compared three different typing
methods based on ERIC, BOX element, restriction
profiling of 16S rDNA along with carbohydrate utili�
zation to assess the genetic as well phenetic diversity of
twenty strains of different Bacillus species and to eval�
uate their discriminatory power for the analysis of
diversity.
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MATERIALS AND METHODS

Cultures. Glycerol stocks of twenty cultures of
Bacillus listed in Table 1 were obtained from National
Agriculturally Important Microbial Culture Collec�
tion (NAIMCC), NBAIM, U.P., India. Bacterial cul�
tures from different geographical origin and ecological
habitats were chosen including multiple strains of bac�
terial species.

Growth and maintenance. Cultures were revived by
streaking on Nutrient Agar (HiMedia, India) plates
and incubating at 35 ± 2°C temperature for 24–
48 hours. Bacterial cultures were subcultured on
Nutrient Agar slants for further studies. For DNA
extraction and carbohydrate utilization study, inocu�
lum was prepared by growing the cultures in 5 mL
Nutrient Broth (HiMedia, India) in screw capped
tubes and incubating overnight at 35 ± 2°C.

Carbohydrate utilization. Utilization of sixteen sug�
ars and nine sugar alcohols (Table 2) and consequent
acid production was studied using HiCarbo kit
(HiMedia, India). This study was carried out follow�
ing the manufacturer’s protocol.

DNA extraction and quantification. For DNA
extraction, cultures were grown in Nutrient broth
under the conditions described in Growth and Main�

tenance section. 5 mL culture suspension was centri�
fuged to obtain the pellets and DNA was extracted
using the protocol described by Ausubel et al. [24].
Quantification and purity check of DNA samples were
done spectrophotometrically.

BOX PCR. BOX A1R primer (5'�CTACG�
GCAAGGCGACGCCTGACG�3') was used for this
purpose [22]. Amplification reactions were performed
in a reaction volume of 25.0 μL containing 2.5 μL 10×
PCR buffer with MgCl2, 1.5 μL 25 mM dNTP mix�
ture, 1.2 μL of BOX A1R primer (10 pM), 0.5 units
Taq DNA polymerase, 2 μL template DNA and
17.65 μL sterile distilled water. Thermal cycling was
achieved in G�STORM thermal cycler with the condi�
tions described by Rademaker and De Bruijn [23].
10 μL of amplified products along with molecular
weight marker (Step Up 1 kb ladder, Bangalore Genei,
India) were electropohresed on 1.2% agarose gel
(Sigma) at 75 volts for 1.5 hours. Then gel was stained
with ethidium bromide (0.5 μg/mL) solution for 1 min
and de�stained in water for 30 min. Amplified prod�
ucts were visualized under UV light and gel photo�
graph was documented using gel documentation unit
(BioRad, USA).

ERIC�PCR. ERIC�PCR was performed using spe�
cific ERIC primers viz. ERIC 1R (5'�ATG�

Table 1. List of Bacillus isolates used for the study

SI. No. NAIMCC
Accession no. Name Isolate history

1 B�00072 Bacillus amyloliquefaciens Isolated from Kasargod, Kerala

2 B�00076 B. brevis Isolated from Assam

3 B�00080 B. circulans Isolated from Uttar Pradesh

4 B�00082 B. circulans NCIM isolate no. 5057

5 B�00083 B. coagulans NCIM isolate no. 2030

6 B�00089 B. laterosporus ATCC isolate; ATCC�64; Reclassified as Brevibacillus laterosporus 
(type strain)

7 B�00091 B. licheniformis NCIM isolate no. 2042

8 B�00093 B. licheniformis Isolated from Cyamopsis rhizopshere from Rajasthan

9 B�00096 B. marcescens NCIM isolate no. 5037

10 B�00111 B. sphaericus ATCC4525; Reclassified as Lysinibacillus sphaericus

11 B�00119 B. subtilis NCIM isolate no. 2192

12 B�00120 B. subtilis NCIM isolate no. 2236

13 B�00132 B. thuringiensis Isolated from Andhra Pradesh

14 B�00133 B. thuringiensis Isolated from Andhra Pradesh

15 B�00744 B. cereus Isolated from Maharashtra

16 B�00771 B. pumilus Isolated from lake water of Leh, Jammu & Kashmir; Psychrotolerant

17 B�00776 B. pumilus Isolated from lake water of Leh, Jammu & Kashmir; Psychrotolerant

18 B�00840 B. subtilis Isolated from Vermicomposts in Maharashtra

19 B�00846 B. subtilis Isolated from Vermicomposts in Maharashtra

20 B�00870 B. subtilis Isolated from rhizospheric soils of eastern Uttar Pradesh

 #—NCIM: National Collection of Industrial Microorganisms, India; ATCC: American Type Culture Collection, USA.
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TAAGCTCCTGGGGATTCAC�3') and ERIC2 (5'�
AAGTAAGTGACTGGGGTGAGCG�3') [25].
Amplification was performed in a reaction volume of
25 μL containing 2.5 μL 10× PCR buffer with MgCl2,
1.5 μL 25 mM dNTP mixture, 0.6 μL of each primer
(10 pM), 0.5 units Taq DNA polymerase, 2 μL tem�
plate DNA and 19.3 μL sterile distilled water. Thermal
cycling was achieved in G�STORM thermal cycler
under the conditions described by De Bruijn (1992)
after minor modifications [26]. Electrophoresis, gel
staining with ethidium bromide, visualization of bands
and documentation were carried out as described in
the previous section.

Amplified ribosomal DNA restriction analysis.
(a) Amplification of 16S rRNA gene: universal primer
pairs viz. pA (5'�AGTTTGATCCTGGCTAG�3') and
pH (5'�AGGAGGTGATCCAGCCGCA�3') reported
by Edwards et al. (1989) [27] were used to amplify the
16S rRNA gene. PCR amplifications were performed
as described by Vardhan et al. [28]. Electrophoresis,
gel staining with ethidium bromide, visualization of

bands and documentation were carried out as
described in the previous sections.

(b) Restriction digestion of amplified 16S rRNA
gene products: two restriction enzymes viz. AluI and
HaeIII were procured from Promega (USA). Restric�
tion digestions were performed in 25 μL reactions fol�
lowing the manufacturer’s instructions. 10 μL of
digested products along with molecular weight marker
(Step Up 100 bp ladder, Bangalore Genei, India) were
run on 2.5% agarose gel (Sigma). Gel staining with
ethidium bromide, visualization of bands and docu�
mentation were carried out as described in the previ�
ous sections.

Statistical analysis. Pair wise genetic similarities
among the isolates under study were determined using
Jaccard’s coefficient [29]. The size and number of
bands were determined using FluorChem5500 (Alpha
InnoTech, USA) for this purpose. Cluster analyses
were carried out on similarity estimates using the
unweighted pair�group method with arithmetic aver�
age (UPGMA) using NTSYS_pc, version 2.02 [30].
To test the goodness of fit of clustering, cophenetic

Table 2. Utilization of different sugars and sugar alcohols by the Bacillus strains studied

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

B�00120 – – + + + – + + – + – + – + – – – – + + – – – – +

B�00080 – – – + + – – – – + + + – + – – – – – + – – – – –

B�00096 – – + + – – – + – – – – – – – – – – – – – – – – –

B�00846 – – + + + – – + – + + + – + – – – + – + – – – – +

B�00093 – – + + ⎯ – – + – + + – – + – – – + + + – – – – +

B�00091 – – – + + – – – – + + + – + – – – – – – – – – – –

B�00083 – – – + + – – – – + + + – – – – + – – – – – – – –

B�00119 – – + + + – – + – + + + – + – – – + + + – – – – +

B�00771 + – + + + – – + – + + + + + – + + + + + – – – – +

B�00776 – – + + + – – + – – – + – – – – – – – – – – – – –

B�00072 + – + + + – + + + + + + – + – – – – + + – – – – +

B�00082 – – – + + – – + – + + + – + – – – – – + – – – + –

B�00076 – – + + + – – + – – – – – + – – – – – – – – – – –

B�00089 + + + + + – – + – – + + – – – – – – + + – – – – +

B�00132 – – + + + – – + – – – – – – – – – – – – – – – – –

B�00133 – – + + + – – + – – – – – + – – – – – – – – – – –

B�00111 + – – – – – – + – – – – – – – – – – + – – – – – –

B�00744 – – – + – – – – – + + – – – – – – – + – – – – – –

B�00870 – – – + + – + + – + + + – + – – – + + + – – – – +

B�00840 – – + + + – – + – + + + – + – – – + + + – – – – +

1. Lactose; 2. Xylose; 3. Maltose; 4. Fructose; 5. Dextrose; 6. Galactose; 7. Raffinose; 8. Trehalose; 9. Melibiose; 10. Sucrose;
11. L�Arabinose; 12. Mannose; 13. Rhamnose; 14. Cellobiose; 15. Melezitose; 16. D�Arabinose; 17. Dulcitol; 18. Inositol; 19. Sorbitol,
20. Mannitol; 21. Adonitol; 22. Arabitol; 23. Erythritol; 24. Xylitol; 25. Inulin; +—indicates positive results for carbohydrate utilization
while, – indicates negative results.
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correlation coefficient or cophenetic value was esti�
mated as described by Chakdar and Pabbi [31] using
NTSYS_pc program. The degree of fit was interpreted
subjectively—0.9 ≤ r is very good fit, 0.8 ≤ r ≤ 0.9 is
good fit, 0.7 ≤ r ≤ 0.8 is poor fit and r < 0.7 is very poor
fit.

RESULTS AND DISCUSSION

BOX PCR generated a total 127 bands ranging
from 160 bp to 3.9 kb for all the twenty Bacilli studied
(Fig. 1). Maximum numbers of bands (11) were
observed for B. pumilus B�00771 while lowest was (02)
in case of B. brevis B�00076 (Table 3). Dendrogram
generated through BOX PCR fingerprints revealed two
major clusters, one containing nineteen while the
other contained only one strain viz. B. cereus B�00744
(Fig. 2). The former cluster had two sub�clusters, one
containing eighteen strains and the other contained
one i.e. B. brevis B�00076. Similarity coefficient
among the strains ranged from 0.025 to 0.72. Although
multiple isolates from different Bacillus species like
subtilis, circulans, thuringiensis were used but interest�
ingly only B. subtilis B�00840 and B. subtilis B�00870
were clustered together with a similarity of 67.5%. The
clustering based on BOX PCR fingerprints was found
to be good fit (r = 0.82).

61 bands were generated through ERIC�PCR of all
the Bacillus strains and band sizes ranged from 240 bp
to 3.9 kb (Fig. 3). B. laterosporus B�00089 did not show
any amplification during ERIC�PCR and among rest

of the nineteen strains, B. subtilis B�00870 showed
maximum number (09) of bands while B. subtilis B�
00846 showed lowest number (01) of bands (Table 3).
Like BOX�PCR, the dendrogram generated based on
the ERIC�PCR fingerprints also showed two major
clusters containing eighteen and two strains respec�
tively (Fig. 4). The former major cluster contained two
sub�clusters containing eleven and seven strains
respectively. The Jaccard’s similarity coefficient
ranged from 0.025 to 0.50. Interestingly, like BOX�
PCR, B. sphaericus B�00111 and B. thuringiensis B�
00133 clustered together with a similarity of 32.5% in
case of ERIC�PCR also. The cophenetic correlation
coefficient for clustering based on ERIC�PCR was
0.77 indicating poor fit of the clustering.

Restriction digestion of 16S rDNA with AluI pro�
duced 56 bands (140 to 540 bp) (Fig. 5, Table 3). Most
of the strains showed 3 bands upon digestion but
B. pumilus B�00771 and B. laterosporus B�00089
showed two bands while B. subtilis B�00870 showed a
single band of 200 bp. When the 16S rDNA was
digested with HaeIII, 67 bands ranging from 120 to
960 bp were generated. B. subtilis B�0080 produced
only one band of 500 bp, B. brevis B�00076 produced
two bands while other strains produced 3–4 bands
each. Based on restriction pattern 16S rDNA
(digested with both AluI and HaeIII) bacterial isolates
were clustered in two major clades, one with nineteen
strains and the other with only one strain i.e. B. subtilis
B�00870 (Fig. 6). In the former major cluster, two sub�
clusters were found, one with eighteen strains and the

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Fig. 1. BOX�PCR profiles of the twenty Bacillus strains studied.
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other with only B. pumilus B�00771. The similarity
coefficient ranged from 0.125 to 1.00. In congruence
with ERIC and BOX PCR, the restriction profiling of
ribosomal DNA also clustered B. sphaericus B�00111
and B. thuringiensis B�00133 together with a similarity
of 62.5%. In contrast to the BOX� and ERIC�PCR,
the dendrogram generated based on the ARDRA
profile showed clustering of B. subtilis B�00120, B.
subtilis B�00119, B. circulans B�00080 and B. coagu�
lans B�00083 together and clustering of B. subtilis B�
00846, B. licheniformis B�00093 and B. licheniformis
B�00091 together with 100% similarity. ARDRA based
clustering was found to be very good fit (r = 0.92).

Out of twenty five sugar and sugar alcohols used,
acid production could be observed from all the sugars
but Melezitose and Galactose while sugar alcohols like
Adonitol, Arabitol and Erythritol were not used by any
of the strains (Table 2). Most preferred sugar was Fruc�
tose while Xylose, Rhamnose and D�Arabinose were
least preferred among the sugars used (Table 2). Den�
drogram based on the patterns of sugar and sugar alco�
hol utilization showed two clusters—one with nine�

teen strains and another with only one isolate viz.
B. sphaericus B�00111 (Fig. 7). The former cluster in
turn showed two sub�clusters—one with fourteen
strains and the other with five strains. In the former
sub�cluster the strains viz. B. subtilis B�00119 and
B. subtilis B�00840 showed 100% similarity while in
the later sub�cluster B. brevis B�00076 and B. thuring�
iensis B�00133 showed 100% similarity. The similarity
among all the strains ranged from ~15 to 100%. The
degree of the goodness of fit of the clustering based on
carbohydrate utilization pattern was found to be very
good fit (r = 0.92).

In a classical study, Priest et al. used numerical
classification based on a series of phenetic characters
for classifying 368 Bacillus strains [3]. But phenotypic
characters are always influenced by environmental
conditions which limits their use for discriminatory
purposes. Apart from the phenetic diversity exhibited
by the members of the genus Bacillus, they are geneti�
cally diverse also which have been reported in a num�
ber of studies [32–34]. Molecular approaches are
increasingly being used for rapid species identification

Table 3. Amplicons produced by the studied bacilli during ARDRA, ERIC� and BOX�PCR

SI.
No. Bacteria

No. of Bands Size range of bands, kb

BOX�PCR ERIC�PCR
ARDRA

BOX�PCR ERIC�PCR
ARDRA

AluI HaeIII AluI HaeII

1 B�00120 05 07 03 04 0.29–3.2 0.68–3.8 0.19–0.50 0.12–0.67

2 B�00080 08 03 03 04 0.18–3.0 0.57–1.4 0.18–0.47 0.12–0.62

3 B�00096 09 02 03 04 0.18–1.6 0.56–0.92 0.19–0.43 0.13–0.96

4 B�00846 05 01 03 03 0.16–1.9 3.1 0.20–0.50 0.25–0.64

5 B�00093 06 02 03 03 0.16–1.6 1.0–1.5 0.20–0.50 0.24–0.62

6 B�00091 06 02 03 04 0.18–2.2 0.62–1.6 0.21–0.50 0.12–0.62

7 B�00083 08 02 03 04 0.14–2.4 0.63–1.6 0.20–0.52 0.12–0.60

8 B�00119 06 01 03 04 0.18–2.5 1.0 0.20–0.50 0.12–0.58

9 B�00771 11 03 02 03 0.17–1.98 0.75–2.6 0.14–0.20 0.23–0.60

10 B�00776 04 01 03 04 0.65–2.0 3.2 0.20–0.54 0.21–0.92

11 B�00072 06 03 03 04 0.28–2.5 0.88–3.9 0.20–0.50 0.21–0.89

12 B�00082 07 04 03 03 0.29–3.0 0.81–2.4 0.19–0.48 0.21–0.56

13 B�00076 02 04 03 02 1.4–2.5 1.1–3.4 0.19–0.48 0.21–0.86

14 B�00089 09 No amplifi�
cation

02 04 0.48–3.6 No amplifi�
cation

0.32–0.35 0.19–0.62

15 B�00132 08 05 03 03 0.5–3.9  0.42–2.6 0.20–0.46 0.19–0.86

16 B�00133 05 02 03 03 1.7–3.9 0.58–1.2 0.20–0.46 0.19–0.86

17 B�00111 06 01 03 03 0.49–3.9 1.4 0.14–0.50 0.21–0.86

18 B�00744 02 04 03 04 2.2–3.6 0.24–1.2 0.19–0.50 0.19–0.89

19 B�00870 05 09 01 01 0.94–3.3 0.55–3.7 0.20 0.50

20 B�00840 08 05 03 03 0.44–3.4 0.41–2.4 0.18–0.50 0.18–0.48

Total no. 
of  bands

127 61 56 67
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Fig. 2. Clustering of the studied bacilli based on BOX�PCR profiles.
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Fig. 3. ERIC�PCR profiles of the twenty Bacillus strains studied.

Lane 1 = 1 kb
    ladder

Lane 2 =
B�00120

Lane 3 =
B�00080

Lane 4 =
B�00096

Lane 5 =
B�00846

Lane 6 =
B�00093

Lane 7 =
B�00091

Lane 8 =
B�00083

Lane 9 =
B�00119

Lane 10 =
B�00771

Lane 11 =
B�00776

Lane 12 =
B�00072

Lane 13 =
B�00082

Lane 14 =
B�00076

Lane 15 =
B�00089

Lane 16 =
B�00132

Lane 17 =
B�00133

Lane 18 =
B�00111

Lane 19 =
B�00744

Lane 20 =
B�00870

Lane 21 =
B�00840



242

MICROBIOLOGY  Vol. 84  No. 2  2015

RAI et al.

B. subtilis B�00120

B. thuringiensis B�00132

B. circulans B�00080

B. laterosporus B�00089

B. thuringiensis B�00133

B. sphaericus B�00111

B. licheniformis B�00093

B. licheniformis B�00091

B. subtilis B�00119

B. subtilis B�00846

B. subtilis B�00870

B. subtilis B�00840

B. brevis B�00076

B. cereus B�00744

B. circulans B�00082

B. pumilus B�00776

B. pumilus B�00771

B. coagulans B�00083

B. marcescens B�00096

B. amyloliquefaciensB�00072

0.750.500.250 1.00
Coefficient

Fig. 4. Clustering of the studied bacilli based on ERIC�PCR profiles.

exploiting this enormous intra� and inter�specific
diversity. Although, 16S rDNA sequencing has
emerged as the ultimate identification tool, tools like
multi�locus sequence typing have now become more
handy and trendy tools for assessing the phylogenetic
relationships in a better way. Exploiting repetitive
genetic elements which are wide spread over the bac�
terial genomes, can also be a good and powerful
recourse to identify and discriminate different bacte�
rial species. This method can be used to generate more
accurate information because it is capable of screening
several parts of the bacterial genome [22, 25]. Ampli�
fied ribosomal DNA restriction analysis is another tool
which can be helpful for differentiating among the
bacterial species. But definitely it does not have the
advantage of considering genome wide diversity and
selection of ideal restriction enzyme for digestion
becomes a tricky thing.

In the present study the comparison among the dif�
ferent molecular typing methods viz. ARDRA, BOX�
PCR and ERIC�PCR reveals that the discriminatory
power of the BOX and ERIC�PCR is comparatively
higher than the ARDRA which is evident from the
number bands generated and the range of similarity
coefficient obtained after cluster analysis The results
of this study also revealed that the numbers of BOX
elements (127 bands in 20 strains) are more than dou�
ble of the ERIC elements (61 bands in 20 strains)
which was expected BOX elements are more likely in
gram positive bacteria. Again the genome wide cover�

age of repetitive elements makes ERIC� and BOX�
PCR better tool than ARDRA for bacterial diversity
analysis which is well supported by the results obtained
in the study. The range of similarity coefficient in clus�
ter analysis based on BOX�PCR (0.25 to 0.72) and
ERIC�PCR (0.025 to 0.50) was comparatively lower
reflecting more diversity as compared to ARDRA
(0.125 to 1.00. Frietas et al. (2008) reported that
among different repetitive element based PCR systems
viz. (GTG)5, BOX� and ERIC�, the later two were
more efficient than the former one and particularly
ERIC�PCR resulted in similar clustering of Bacillus
isolates as obtained with 16S rDNA sequence based
phylogenetic analysis [35]. They also reported ERIC�
PCR as a powerful tool for examining genetic relation�
ship among the unknown Bacillus isolates. In congru�
ence with results reported by Freitas et al. (2008), our
results also showed that PCR based on repetitive ele�
ments have better discriminatory power for intra�
generic as well as intra�specific diversity of Bacillus.
However, the poor fitness of the clustering for ERIC�
PCR and lack of amplification in one strain (B. lat�
erosporus B�00089) in the present study indicates that
PCR based on ERIC elements may not be always very
trustworthy for discriminating Bacillus members.
Clustering analysis based on ARDRA showed 4 strains
(B. subtilis B�00120, B. subtilis B�00119, B. circulans
B�00080, B. coagulans B�00083 together) in one clus�
ter and another 3 strains (B. subtilis B�00846,
B. licheniformis B�00093 and B. licheniformis B�
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Fig. 5. ARDRA profiles of the twenty Bacillus strains after (a) AluI digestion and (b) HaeIII digestion.
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Lane 17 =
B�00133

Lane 18 =
B�00111

Lane 19 =
B�00744

Lane 20 =
B�00870

Lane 21 =
B�00840

00091) in another cluster with 100% similarity while
the BOX and ERIC�PCR both were able to differenti�
ate among them. It will be very pertinent to mention
here that, in an earlier work by Vardhan et al. (2010)
using few of the present Bacillus isolates for rapid
identification, it was reported that isolates of B. coag�
ulans (B�00083), B. circulans (B�00080), B. subtilis
(B�00119) and B. licheniformis (B�00091) were clus�
tered together based on the AluI restriction pattern of
16S rDNA [28]. Even different strains of one species
could be differentiated based on the ERIC and BOX
PCR which was not possible with ARDRA. However,
none of the clustering methods show any grouping
based on geographical origin or documented func�
tional attributes. Results obtained in the present study
reveals that the genus Bacillus is genetically highly
diverse and moreover, the strains of same species pos�
sess considerable genetic diversity among themselves.

The clustering based on carbohydrate utilization pat�
tern also revealed that the genus is metabolically
highly diverse which can be effectively used for dis�
criminating among the members of the genus. It will
be worthy to mention here that the strains clustered
together with 100% similarity in case of ARDRA,
could also be differentiated based on carbohydrate uti�
lization pattern. Although, the environmental influ�
ences on the metabolic activities can’t be ruled out,
under standard conditions carbohydrate utilization
pattern can be easily used for rapid discrimination.

High genetic and metabolic diversity of the genus
Bacillus points towards the possible use of both the
features for intra�generic and intra�specific differenti�
ation. However, the careful selection of the appropri�
ate approach is key to the accurate discrimination.
The results of the present study clearly indicates that
BOX�PCR is a better tool than ERIC�PCR or
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Fig. 7. Clustering of the studied bacilli based on carbohydrate utilization patterns. 
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Fig. 6. Clustering of the studied bacilli based on restriction patterns of amplified 16S rDNA.
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ARDRA or metabolic profiling in terms of intra�
generic and intra�specific discrimination, however,
metabolic profiling like utilization pattern of carbohy�
drates may also be useful for discriminating closely
related bacterial strains. In view of the increasing
amendments in the classification of the Bacillus and
reports of new species, it is further required to study
more number of strains as well as compare other meth�
ods like MLST, ribotyping, whole cell protein profiling
with the conventional ones to identify a single power�
ful tool to reveal the real diversity of the genetically
heterogeneous genus like Bacillus.
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