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Abstract
The 16S ribosomal RNA (rRNA) gene is widely used for estimating the composition of bacterial
communities. In this work, the phylogenetic diversity of 40 Bacillus sp. strains (3 B. atrophaeus, 20 B.
subtilis, 2 Paenibacillus polymyxa, 10 B. amyloliquefaciens, 1 B. simplex and 4 B. tequilensis) were
investigated based on 16S rRNA gene and its guanine (G) and cytosine (C) contents. 16S rRNA partial
sequencing assigned all the strains to the Bacillus genus, with close genetic relatedness to the B. subtilis
and B. amyloliquefaciens groups, and to the B. tequilensis. The phylogenetic tree did not result in any
clusters/clades specific to origin or morphological criteria. In addition, the percentage of GC contents for
16S rRNA gene sequences ranged between 54.1% - 56.9%, and no clear correlation were observed
between the GC content and distribution of species strains within clusters. This work demonstrated many
of the same general features seen in the Bacillus species 16S rRNAs sequences.
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1. Introduction
Bacillus is a diverse genus of Gram-positive
comprises of more than 200 species with a broad
genetic diversity, and classification these species is
complex due to similarities among closely related
species [18]. The use of molecular biological
markers have become common method for Bacillus
species identification [4]. 16S rRNA region has been
employed as an alternative method for bacillus
taxonomic classification, and several Bacillus
species were reclassified using this gene sequences
and separated into different phylogenetically distinct
clusters [3,15].
Moreover, since ribosomes are necessary component
of the protein biosynthesis system with highly
conserved, the small ribosome subunit has been
proved to be a useful molecular tool for investigating
evolutionary relationships among organisms [9].
From these characteristics, the sequences of 16S
rRNA gene have become powerful tools in the
taxonomic classification of microorganisms with the
increasing use of PCR technology. Nowadays 16S
rDNA is a vital standard for taxonomy of bacteria
[8,19].
On the other hand, measuring guanine and cytosine
(GC) content is known to be a major subject in
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genetics as genomic base composition contributes to
the fitness of organisms such that identifying the base
composition is vital for reliable discovery of
selection [5]. It has been reported that the most
important factor contributing to the thermal
constancy of double-stranded nucleic acids was
depending on the base stackings of adjacent bases
rather than the hydrogen bonds numbers among
bases. It has found more appropriate stacking energy
for GC pairs than for adenin - citosin (AC) and
adenin- uracil (AU) pairs due to the relative sites of
exocyclic groups [16]. However, the ratio of GC
content for bacterial genomes has been reported to be
ranged between 25% and 75% [12,17], therefore, this
wide GC variation in bacteria including Bacillus
species have many important questions for the
scientists.
Despite its substantial importance, a limiting factor
for taxonomic and diversity characterization of
Bacillus species, there is a lack of adequate
information concerning 16S rRNA structure of their
strains.
During a polyphasic experiments, more than 525
bacilli were isolated from different regions of Syria,
and in this work the genetic diversity of 40 Bacillus
sp. strains was investigated based on 16S rRNA gene
and its GC contents.
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A phylogenetic tree was generated by performing
distance matrix analysis using the NT system. The
experiments were performed in triplicate.

2. Materials and Methods
2.1. Bacterial strains
Soil samples were obtained from diverse regions of
Syria (Table 1). They were shaken in 9 ml of
sterilized water at 160 rpm for 5 min. Serial dilution
was prepared from 10-3 to 10-7 (Ammouneh et al.
2011), and then 0.5 ml of each one was spread onto
Nutrient Agar (NA) medium and incubated all night,
the colonies of Bacillus sp. were identified due to
Wulff et al. (2002) [20], and 40 out 525 strains were
selected for this study (Table 1). Six Bacillus species,
specifically, atrophaeus, subtilis, P. polymxa,
amyloliquefaciens, simplex and tequilensis, were
used in this work. The Bacillus sp. isolates were
grown on NA and kept for 24 h at 30 °C.

2.4. GC% determination
GC % content was calculated as a percentage value
according to the Madigan and Martinko (2003) [13]
as: (C+G/A+T+C+G) x 100.
3. Results and Discussion
In the present study, PCR amplification yielded
single DNA fragments of ~ 545 bp, that found in all
Bacillus sp. (Fig. 1). Bacillus sp. strains were
recognized as B. atrophaeus, P. polymyxa, B.
subtilis, B. amyloliquefaciens, B. tequilensis and B.
simplex with similarities ≤ 98% in their 16S rRNA
sequences as compared with their closely related
species. The obtained sequences has been deposited
in GenBank (accession numbers MT159352 to
MT159391; Table 1) [11].

2.2. 16S rRNA gene amplification
16S rRNA was amplified using two primers BacF
(5’-GTGCCTAATACATGCAAGTC-3’) and BcaR
(5’-CTTTACGCCCAATAATTCC-3’) flanking a
highly variable sequence region of 545 bp towards
the 5’end of the 16S rDNA region were used [14].
The 50 μl reaction mixture contained 2 μl genomic
DNA, l × PCR buffer, 2 mM MgCl2, 0.2 mM dNTP,
1 μM of each primer and 5U/μl Taq DNA polymerase
(Fermentas). PCR amplification was done by the
following parameters: An initial denaturation step at
95 °C for 5 min followed by a second denaturation
step at 95 °C for 1 min, annealing for 1 min at 54 °C,
an extension at 72 °C for 90 s, and a final extension
step of 72 °C for 10 min. A total of 30 serial cycles
was achieved. PCR products were electrophoresed
on a 1.5% agarose gel that were stained with
ethidium bromide and visualized under UV light.
PCR products were purified with QIAgen gel
extraction kit (28704) according to the
manufacturer´s recommendations.

Comparative analysis of the sequences discovered
two major phylogenetically distinct clusters divided
into several sub-clusters in each one. Group 1
(included 4 B. amyloliquefaciens, 6 B. subtilis, 2
Paenibacillus polymyxa and one of each B.
atrophaeus, B. tequilensis and B. simplex. Group 2
consisted of 6 B. amyloliquefaciens 14 B. subtilis, 2
B. atrophaeus and 1 B. tequilensis. The phylogenetic
tree did not result in any clusters/clades specific to
origin or morphological criteria (Fig 2).

2.3. Sequencing and Phylogeny Analysis
16S rRNA partial sequences from 40 strains were
analyzed using a Genetic Analyzer (ABI 310,
Perklin-elmer, Applied Biosystems, USA). The 16S
rRNA sequences were matched up with the known
sequences
using
the
NCBI
database
(http://www.ncbi.nlm.nih. gov).

Figure 1. Electrophoresis of 16S rRNA of some Bacillus
sp. strains used in this work. M represents the 100-bp
DNA marker (HinfI; MBI Fermentas, York, UK).
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Table 1. Bacillus species used in this work

Figure 2. Phylogenetic tree of members of the genus Bacillus, based on 16S rRNA gene sequences.
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Table 2. GC content of Bacillus species according t o
Madigan and Martinko (2003) [13]

Moreover, the presence of Bacillus in all sampled
locations might be attributed to its ability to move at
high rates under harsh natural conditions [6], as well
as to its adaptation under hot climates [1].
On the other hand, the GC content % of 16S rRNA
was ranged between 54.1% - 56.9% (Table 2), this
can reflect the number of hydrogen bonds between
the paired strands which is reasonable to interpret
these ratios as Bacillus species adaptations to various
regions temperatures, but this can’t provide an idea
about how quickly such adaptation can happen.
Similar GC ration was found among Bacillus species
as reported by Sabir et al. (2013) [15]. On the other
hand, Galtier and Lobry (1997) [9] reported that the
GC contents of several structural RNAs in
prokaryotes positively linked with the favorable
growth temperature.
4. Conclusion
This work showed that 16S rRNA sequencing
classified the collected strains under Bacillus genus,
with close genetic relatedness between B. subtilis and
B. amyloliquefaciens groups and B. tequilensis. The
phylogenetic tree couldn’t separate species into
individual clusters, and no any clusters/clades were
specific to origin or morphological criteria. GC% for
16S rRNA gene sequences ranged between 54.1% 56.9%, and no clear correlation between the GC
content and distribution of species strains within
clusters was observed. This study showed many of
the same general features seen in the Bacillus species
16S rRNAs sequences.
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In both groups B. atrophaeus, B. amyloliquefaciens,
B. tequilensis and B. subtilis species are
phenotypically very similar according to Chun and
Bae (2000), and share almost identical 16S rRNA
gene sequences (Ash et al., 1991) that can support
our results in this investigation and might explain
their distribution within phylogenetically tree (Fig 2).
A similar cladogram has been published [7]
suggesting that the B. subtilis species complex which
need further characterization. On the other hand,
Bacillus strains from both within and between
regions of Syria showed similar16S rRNA gene
sequences and were not concentrated in one region of
the country (Fig 2). This can be attributed that strains
might have derived from the same source Bacillus
population and disseminated from one area to
another by different factors.
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