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Abstract
Bacillus. oleronius is a non-motile Gram-negative endospore forming bacterium, isolated for

the first time in 1995 from the hindgut of termites. This bacterium has been reported to be the
likely cause of demodecosis in humans and therefore it is considered to be a pathogen. The
aim of this study was to design novel species-specific primers for B. oleronius and to prove
that the primers designed by Szkaradkiewicz et al., 2012 are not specific to B. oleronius as

claimed by the authors.

In order to design-species specific primers, the first objective was to obtain sequence
information. Because the bacterium could be cultures easily, the hope was obtain sufficient
genomic DNA for single molecule real time sequencing. Extraction the DNA of B. oleronius
was challenging. Two extraction kits and three protocols were used to detect which would be
the best purification methods for obtaining large amounts of high-quality genomic DNA. The
DNA extracts obtained with three different DNA extraction protocols (Gentra Puregene
Yeast/Bact kit Gram-positive protocol; Gentra Puregene Yeast/Bact kit Gram-negative
protocol; DNeasy ® Blood & Tissue) were measured by spectrophotometry. DNA extract
guantity and purity was varied between the different extraction kits and A260/A280 and
A260/A230 ratios that used to assess the purity of DNA and nucleic acid respectively indicated
presence of contamination during the extraction procedure. Based on the obtained results, all
the purification methods used in this study failed to produce pure and high-quality genomic
DNA for sequencing. The next objective was to design universal primers for four vary fast
evolving genes, single copy genes (rpoB, recA, gyrB and ytcP) and the ITS region of Bacillus
species for Sanger sequencing and to design species-specific 16S RNA primers. To do this,
the genetically closest Bacillus species to B. oleronius were identified first through a
phylogenetic analysis.

Through this study, it was possible to design two species-specific primer sets for B.
oleronius and prove that the primers published by Szkaradkiewicz et al., 2012 are not specific.
The new designed primer sets with the publisher's primers were tested using PCR for B.
oleronius as positive control and other bacterial species B. amyloliquefaciens, B. pumilus, B.
subtilis, B. licheniformis, B. sporothermodurans, B. aquimaris, B. carboniphalius and
Amphibacillus. tropicus as negative controls. The results showed that the new primer sets
bound specifically to B. oleronius while the publisher’'s primers amplified non-specifically
fragments of varying sizes of all Bacillus species. Based on the results, there is no evidence
that B. oleronius was positively identified as being associated with demodecosis as claimed
by Szkaradkiewicz et al., 2012.
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CHAPTER ONE

1. Introduction

When the Bacillus genus was described for the first time in 1872 by Ferdinand Cohn for
bacteria associated with plants, no one expected that this genus would become a source of
attention for scientific researchers and taxonomists far beyond plant biology (Cohn, 1872).
The genus Bacillus is large, capable of growing in the presence of oxygen and is ubiquitous,
being found in environments such as soil, water, and in some laboratories. It is characterized
by rod shaped bacteria being part of the phylum of the Firmicutes, most of which belong to
the low G+C Gram positive group (dkstad and Kolstg, 2011). The genus Bacillus includes
large numbers of heterogeneous species and there could be more than 60 genetically diverse
species (Ash et al., 1993). These species display phenotypic variations and are characterized
by complex nutritional requirements, physiological and metabolic diversity and variation of the
G+C content of their DNA (Xu and Cote, 2003).

Bacillus species are Gram positive bacteria producing single endospores and having the
ability to grow under aerobic conditions. The spores are cylindrical, oval or rounded in shape
and are resistant to various adverse conditions. B. subtilis is considered to be the type species
of the Bacillus genus (dkstad and Kolstg, 2011). Bacillus species exhibit a wide range of
phenotypes such as psychrophiles, thermophiles, acidophiles, halophiles, chemolithotrophs,
alcalophiles and facultative anaerobes. The diversity of the ecological niches for Bacillus

species is an indicator of the heterogeneity of the genus (Dropniewski, 1993).

Members of the Bacillus species play an important role in human life for several reasons,
including the following: (1) Endospores produced by Bacillus species are resistant to adverse
treatments, such as detergents (dkstad and Kolstg, 2011); (2) Some species of bacteria can
contribute to the industrial sector through their use in the manufacture of products such as
pesticides, enzymes, antibiotics and some detergents; (3) Some Bacillus species belong to
the aetiology of various diseases in humans. These include B. anthracis, which is responsible
for causing anthrax, and B. cereus, which is known to cause foodborne diseases (Priest,
1993).



In 1973, Bacillus species were divided into three large groups based on the morphology of
spores and sporangia. Group 1 are Gram positive rods that contain spores of different shapes,
for example, central, terminal or cylindrical. This group includes medically significant species,
such as B. anthracis, B. cereus, B. mycoides, B. thuringiensis and B. megaterium. Group 2
are Gram variable and include B. pumilus, B. subtilis, B. circulans, B. coagulans, B.
licheniformis, B. alvei, B. brevis and B. macerans. They produce central and terminal spores.
The noticeable feature of group 3 is the presence of heterogeneous species of Gram-variable
bacilli such as B. sphaericus (Dropniewski, 1993). Although the foregoing division is traditional,
these classifications have proved to be important in reducing species to more manageable
groups. However, this division may lead to incorrect classification of some species because
of the difficulty of identification (Priest, 2011).

Scientific progress in taxonomy through the discovery of modern molecular and biochemical
techniques has contributed to determining a new classification for Bacillus species. Modern
techniques for determining of the C+G content of DNA have provided evidence that Bacillus
species have greater genetic diversity than was previously realised (Priest, 2011).
Determination of the components of the DNA is considered the ideal way to indicate the
genetic diversity among the species in a genus. It is known that the variation between species
is limited to between 10-12 mol% G+C. Bacillus species are an exception, however, the
range of some Bacillus species being about 33 % (B. anthracis) or 65% (B. schlegelii) and that
demonstrate that the diversity of Bacillus is controversial for a single genus (Ash et al., 1993).
The genetic diversity provides one justification for dividing the genus into several taxa. In
accordance with numerical classification, which depends on the phenotypic features, Priest et
al. in 1988 divided Bacillus species into five or six large groups or clusters (Xu and Cote,
2003).

Group 1 encompasses B. polymyxa, which has been adopted as a reference organism and
includes a number of species, such as B. alvei, B. circulans and B. macerans. The spores
produced by these species are oval and swollen. These bacteria have a capacity for the
fermentation of sugars, the utilization of amino acids and vitamins as a source of growth and
the secretion of extracellular carbohydrases, such as amylases and B-glucanases, including

cellulases, pectinases and pullulanases (Priest, 2011).

Group 2 encompasses B. subtilis, B. amyloliquefaciens, B. licheniformis and B. pumilus,

which produce oval spores that are not distended. Members of this group of bacteria are



strictly aerobic, except B. subtilis, which works on fermentation of sugars and grows easily in
the presence of air and glucose. There are some species that depend on air to grow, such as
B. anthracis, B. cereus, B. licheniformis and B. thuringiensis. In addition, these species secrete
enzymes, such as amylases, B-glucanases and proteases that play a vital role in industry and
commerce. A prominent species of group 3 is B. brevis, which is strictly aerobic and
characterized by an inability to produce acids from sugars. Its spores are oval-shaped and
swollen. This group includes species such as B. badius and B. freudenreichii, which are
characterized by physiological heterogeneity (Priest, 2011).

The characteristic of homogeneity applies to group 1V, which includes B. sphaericus, the
psychrophiles B. insolitus and B. psychrophilus. They produce spherical endospores. The
ability of these bacteria to change meso-diaminopimelic acid found in the cell wells to lysine
or ornithine distinguishes them from other bacilli. All these bacteria are classified as strict
aerobes, except for B. sphaericus, and they do not need sugars as a growth source
replacement. The thermophilic bacilli have come to form a separate group (group V) according
to the numerical classification system. Physiological and morphological heterogeneity of the
species is the most prominent characteristic of this group, as well as different forms and
patterns of metabolism, including obligate aerobics and microaerophilic types. (Ash et al.,
1991). This group includes species such as B. schlegelii, B. thermooleovorans and B. pallidus
(Priest, 2011).

The thermophilic bacilli are characterized by phylogenetic diversity, while acidophilic
thermophiles have been assigned to the genus Alicyclobacillus (group VI) (Wisotzkey et al.,
1992). In view of this finding, it is highly probable that Numerical classification has paved the
way to showing that there is a relationship which combines bacilli and other groups.

As was mentioned earlier, some species of the genus Bacillus are causative agents for human
diseases, such as B. anthracis which causes anthrax and B. cereus which causes foodborne
illness. Several studies have demonstrated that one bacterium of the genus Bacillus, B.
oleronius, plays a role in causing blepharitis which is an inflammation that infects the eyelid
margins, causing severe itching, lack of vision and redness of the skin. B. oleronius is a non-
motile Gram-negative endospore forming bacterium, isolated for the first time in 1995 from the
hindgut of termites. Hitherto, this bacterium has been cultured from patients with blepharitis
and from a parasite called the Demodex mite, found in the skin of patients with demodicosis.
Pathological role for B. oleronius is still undetermined so far, however, recent studies have

been indicated that B. oleronius is an opportunistic bacterium and plays a potential role in the



pathogenesis of some skin diseases such as acne, rosacea in humans and demodecosis
(Szkaradkiewicz et al., 2011).

Demodicosis is a rare cutaneous disease that afflicts humans and animals and is caused
by the Demodex mite, which belongs to the class Arachnida and the subclass Acarina
(Jarmuda et al., 2012). There are about 100 species of Demodex mites, most of which are
primarily found in mammals such as cattle, bats, pigs, sheep, cats, mice, and dogs. Demodex
canis affects dogs and research into this species is on-going. The species that infect human
beings of both sexes are D. folliculorum and D. brevis, which reside in particular parts of the
body, especially the scalp, upper chest and face (Kojima et al., 2011). D. folliculorum is large
and long approximately 0.3-0.4 mm and resides mainly in the hair follicles of adults in the form
of cluster aggregates with a density of more than 5 mites/cmz?, while D. brevis is characterized
by its small size, about 0.2-0.3mm, and slender legs, and is found in the sebaceous gland
(Figure 1)( Jarmuda et al., 2012).

Recent studies have proved that the presence of Demodex mites out a high density in the
dermis makes the subject a prime candidate for many skin diseases, such as pityriasis
folliculorum, demodicosis gravis, papulopustular rosacea, rosacea-like demodicosis and
blepharitis (Hsu et al., 2008). A study conducted by Jackson (2008) indicated that there is a
correlation between chronic blepharitis, (the symptoms of which are described above), and
Demodex mites, particularly D. folliculorum (Jackson, 2008). It is noteworthy that in healthy
people Demodex does not cause any symptoms or signs which would enable the occurrence
of the disease to be predicted, although this is not the case with people suffering from immune
deficiency (Szkaradkiewicz et al., 2011).



Figure 1: Photograph of Demodex mite under microscope represents (a) D. folliculorum, (b) D. brevis,

(c) the larva of Demodex and (d) egg of Demodex (Liu et al., 2010).



A study conducted by Phillips (2012) in La Sal del Rey Lake, in South Texas (USA), which is

characterized by severe salinity demonstrated that one of the most micro-organisms that had

been detected there was belongs to the genus Bacillus. Five isolates (A2D, A3, A9, A12, and

Al6) indicated a great similarity 95.8% between these isolates and B. oleronius (Table 1)

(Phillips et al., 2012).

Table 1: Identification of isolated organisms from La Sal de Rey Lake (Phillips et al., 2012).

Isolate Closest Species Identity Confidence

MNo. (%) Level

A1 Bacillus fastidiosis 953 Zenus

AZY Bacillus flexus 874 Mo match

A2D Bacillus okronius 96.1 Genus

A3 Bacillus okeronius 953 Zenus

A Pseudomaonas fulva 93 Zenus

AT Bacillus megaterium 999 Species

Ad Exiguobacterium 921 Mo match
acetyficum

AG Bacillus okronius 953 Zenus

A0 Pseudomaonas fulva 93 Zenus

ATTR Halomonas aguamaring 992 Species

A12 Bacillus okronius 8953 Genus

AT13W Bacillus thuringiensis 8999 Species

A13Y Bacillus horikos hii 84.1 Species

Al4 Exiguobacterium 921 Mo match
acetylicum

A5 Bacillus firmus 978 Zenus

A6 Bacillus okronius 853 Genus

AT Exiguobacterium 921 Mo match



Another study indicated the presence of B. oleronius in raw milk and feed concentrate (which
is a large repository for micro-organisms) (Heyndrickx et al., 2012). Vaerewijck et al., (2001)
reported that the contamination of animal feed with micro-organisms can be due to either
contamination the soil leading, to contamination of crops used as food for animals, or the feed
may shelter microorganisms and bacteria originating from agricultural crops, such as citrus
and coconut, and the bacteria may end up in raw milk through what is fed to the animals, or
through contamination of the udder by faeces containing the bacterium (Vaerewijck et al.,
2001). Another suggestion is that there may be contamination of feed during processing or
storage, especially when appropriate environmental conditions exist for the dispersal of
spores; or alternatively there may be contamination of equipment and devices used in factories
and thus the transmission of bacteria to animal feed.

Another theory is that this bacterium comes from contaminated bedding materials, such
as straw or wood shavings, used in animal living quarters, leading to the adhesion of the
bacterium to the teat and its consequent transmission into the milk ducts, causing mastitis and
thus contamination of raw milk. It is worth mentioning that used bedding has a greater
proportion of B. oleronius than unused bedding (Vissers and Driehuis, 2008).

There is to date no scientific evidence indicating the presence of B. oleronius naturally in
the udders of healthy cows, but it is possible that this bacterium is transmitted to raw milk
through the dust of straw and feedstuff, or through contamination of the teat by faeces due to
the spores spreading through the air and onto the udders of cattle, leading to the
contamination of raw milk. On this basis it is possible to assume that B. oleronius may be
present naturally in the gut of healthy cows, or this bacterium may exist in the gut of some
vectors such as insects or flies and therefore, these flies are transmitted through the air,

leading to contamination of raw milk.

It is possible to describe the process of the contamination of raw milk with bacteria as

follows:

Soil or water mess=) Feed m===) Gastrointestinal duCt =) Dung :

Udder o) Milk devices )y Raw Milk



A study recently conducted in the Cochin estuary in India aimed to isolate and study
microorganisms in this region, which has been contaminated by heavy metals. One of these
organisms that were detected was B. oleronius particularly in Vypin and Munambam of the
estuary (Table 2) (Jose et al., 2011).

Table 2: Variety of bacteria of water and residue in the Cochin estuary (Jose et al., 2011).
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The latest study, conducted by Edward in 2012, demonstrated that B. oleronius can be
isolated in petroleum contaminated soil, which is viewed as one of the most appropriate
environments for its detection, due to the capacity of this bacterium to resist organic solvents
and heavy metals. In the same study, this bacterium displayed effective resistance to several
heavy metals, such as copper chloride, lead acetate, potassium dichromate, nickel chloride,
cobaltous chloride, while the least resistance was detected in cadmium chloride and silver
nitrate. According to the results above, B. oleronius has showed variation in its resistance to
different types of heavy metals (Edward et al., 2012).

The results of this study demonstrated biochemical characteristics of the strains of B.
oleronius. It has been found that this bacterium Gram negative, milky or creamy colour on the
agar plate and it is negative for both methyl red and Voges Proskauer test in addition to, the
difficulty of converting glucose to ethanol or butanediol and glucose to acetoin. It has been
noticed that B. oleronius is positive for production catalase enzyme while it is negative and
unable for growth in MacConkey agar (Table 3) (Edward et al., 2012).

Table 3: Morphological and Biological features of B. oleronius strains (Edward et al., 2012).

Biochemical test Observation
Grams staining Gram negative
Methyl Red Negative

Voges proskauer Negative
Citrate utilization Positive

Catalase Positive

MacConkey agar Negative

Pigmentation Negative
Shape Rods




The origin of the name B. oleronius can be traced to the island of L’ile d’Oleron in France
where the bacterium was first found in the hindgut of a termite. The most diagnostic feature of
B. oleronius is the average size of the rods that are found in the form either of pairs or singles.
The spores are ellipsoidal and located in the centre or near the end of the swollen sporangia.
The endospores are characterized as having a weak resistance to high temperatures
(Heyndrickx et al., 2012). The relationship between B. oleronius and the Demodex mite is
symbiotic. The bacterium lives inside the parasite and because of the absence of an anus in
Demodex, B. oleronius plays a key role in facilitating its process of digestion (Lacey, 2007).

Rosacea is a complex and chronic skin disease that infects humans, especially in the region
of the face and eyes (Figure 2). The aetiology of rosacea is currently unknown, but several
studies in the past 10 years have shown that this disease has a strong correlation with B.
oleronius. It has been noted that the antibiotics used for the treatment or control of rosacea
can increase the chances of killing B. oleronius. It is worth mentioning that the antigens
released by B. oleronius have a potential role in the pathogenesis of rosacea. Large numbers
of serological studies have been carried out in order to discover whether there is a correlation
between this bacterium and rosacea. A study conducted by Lacey showed that the bacteria
produces two types of stimulatory antigens (62 and 83 kDa) responsible for a stimulating skin
infections and the induction of rosacea. Serum samples were taken from patients with rosacea
and controls and the results indicated that the presence of B. oleronius in the sera of patients
with rosacea was significantly greater, (around 72%), compared to the controls (29%) (Lacey
et al.,, 2007). Bacterial antigens play an important role and are effective in stimulating
neutrophils and also in stimulating the inflammation, especially in the pilosebaceous units
(O’Reilly et al., 2012).
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Figure 2: Diagram showing the most commonly regions in the face where rosacea symptoms

appear.

[Taken from the website: www.getacnehomeremedies.info/search/overview-on-rosacea-acne-

treatment-causes-and-prevention]

O’Reilly and colleagues (2012) proved that antibiotics such as metronidazole, tetracyclines
and erythromycin, used to control rosacea, kill the bacteria inside the Demodex mite and thus
the bacterium is unable to produce antigens, leading to a clearance of the symptoms. After
killing the bacterium, the metabolism of the mite will be adversely affected, since the bacterium
lives inside the parasite. But when the use of the antibiotics is halted, the parasite is able to
return again, thus increasing the number of bacteria and the incidence of infection (O’Reilly et
al., 2012). In the same study it has been provided that B. oleronius very sensitive to some
antibiotics such as tetracycline, doxycycline and minocycline.

Two genes of B. oleronius have so far been sequenced: the 16S rRNA gene and the
glutamate-5-semialdehyde dehydrogenase-like gene (NCBI). As mentioned later, the 16S
rRNA approach fails in the identification of particular species belonging to related taxa,
especially when there is a similarity between these species (Fox et al., 1992), whereas the
second gene has not been tested so far. B. oleronius has a close relationship with two
neighbouring species, B. sporothermodurans and B. licheniformis genotypically more than
phenotypically (Figure 3).
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Figure 3. Phylogenetic relationships of 59 Bacillus species based on the 16S rRNA sequence data. B.

oleronius is boxed in blue. B. oleronius has a close relationship with B. licheniformis. (A) Represents
the analysis of the location of 16S rDNA; (B) represent rearranging the branches in A in order to reduce
the number of evolutionary changes in 11 phenotypes related to: minimum and maximum growth
temperature, growth in the presence of air, the ability to produce acids from glucose, arabinose and
mannitol, the presence of flagella, the shape of spores and the swell of sporangium (Maughan and
Auwera, 2011).
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Molecular biology techniques have contributed to the progress of a large nhumber of DNA
markers capable of determining and recognizing genetic polymorphism. PCR (Polymerase
chain reaction) is an important invention that has been widely used in molecular biological
laboratories because of its proven ability to amplify large numbers of DNA in a short period of
time, and also because it is easy to use and gives accurate results. All these features have
popularized the PCR technique. Several molecular techniques have been developed in order
to find a fast, accurate and cheap method for the identification of various species and strains

of bacteria such as those of the Bacillus genus, one of these being the RAPD technique.

In the latter part of the twentieth century, Randomly Amplified Polymorphic DNA, known as
the RAPD technique, has emerged as a technique for the identification and development of
DNA markers associated with PCR. The RAPD technique requires the presence of a short,
single primer without the need for a prior background of DNA sequence. The technique has
several advantages for researchers, including its superior ability to acquire a significant
number of genetic markers requiring the presence of small amounts of DNA (around 10 ng
per reaction), without the need to provide the required conditions in the molecular
characterization, such as DNA probes, cloning and DNA sequencing (Bardakci, 2001). RAPD
technique can be used in genetic diversity studies using a random primer for several species
of bacteria, particularly the genus Bacillus, which includes heterogeneous and diverse species

(Kumar and Gurusubramanian, 2001).

The study of Stephan (1996), which included the identification of 25 strains of B. cereus
using the RAPD technique, showed the efficiency and ability of this technique in the
classification of B. cereus strains. Another study using the RAPD method was conducted on
B. sphaericus, a virulent pathogen, to determine the genetic relationships that combine 31
pathogenic and 14 non-pathogenic strains of B. sphaericus. The results of the RAPD
technique demonstrated that the B. sphaericus species is heterogeneous, and the technique

was successful in separating the pathogenic strains from others (Woodburn et al., 1995).

The RAPD method became widely employed after it was shown that it could be used in
several applications, such as polymorphism, population and evolutionary genetics. Despite
the applications mentioned above, however, the technique is not without its drawbacks, for
example, the dominance of RAPD markers and the difficulty of interpreting the results of RAPD
due to a mismatching of PCR products, such as primers and templates (Kumar and

Gurusubramanian, 2001).
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Researchers in molecular biology have used specific molecular techniques for the
identification of living organisms, and one of these techniques is Amplified Fragment Length
Polymorphism (AFLP). It is a genetic marker technique and is preferred to other techniques
for several reasons: the analysis is fast and easy, no prior knowledge of the organism is
required, costs are low, the results are accurate and there is significant coverage of the
genome (Vos et al., 1995). The technique relies on restriction of fragments such as EcoRI and
Msel with adapter-homologous primers (+0/+0 primers) (Keim et al., 1997).

AFLP analysis has been used to provide information about B. anthracis and its close
relatives. The results using this analysis illustrated a few differences among bacterial isolates,
while providing a large amount of information about B. anthracis that could not be obtained
using other techniques of that time (Jackson et al., 1999).

RFLP was one of the most efficient molecular methods based on genetic patterns, and has
achieved great success as a tool of molecular classification for studying and assessing the
genetic diversity of chromosomes and the relationships that combine bacterial species and
subspecies with each other. Using DNA-DNA hybridization during RFLP analysis has given
strong evidence of the ability of this technique to provide dependable results compared to
other methods that rely on phenotypic data (Joung and Cote, 2001).

Joung and Cote (2001) have reported the use of the RFLP technigue in phylogenetic
analysis and in the determination of different B. thuringiensis serotypes, using the 16S rRNA
gene. The results showed that 80 different serotypes had been detected. Determination of
novel strains of B. thuringiensis can be achieved using 16S rRNA gene restriction pattern
analysis. The use of the 16S rRNA gene in this technique provides an opportunity for grouping
B. thuringiensis strains, in addition to allocating a place for them on the phylogenetic tree.

Bacillus oleronius shows a close relationship with two species, B. sporothermodurans and B.
licheniformis. Fatty acid methyl esters (FAME) have been used as a method for identification
of the B. oleronius strains (Heyndrickx et al., 2010). FAME analysis is one of the most
prominent and important methods, apart from PCR, for the classification and characterization
of different types of bacteria, such as Bacillus. The genotype of organisms can be used to
determine several types of fatty acids produced within a cell, and in addition can be used in
the differentiation and discrimination of different species and strains. The fatty acid extraction
process is still accessible because of the commercial systems that facilitated its spread after

the basic role of fatty acid in the identification of several types of bacteria (Ehrhardt et al.,
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2010). Simplicity, speed, and reliability are the most important features of this analysis (Yong
et al., 2010).

B. sporothermodurans and B. oleronius have displayed genetic heterogeneity and FAME
analysis was used to provide amended descriptions to discriminate between these species,
due to the difficulty of discriminating the two species according to their biochemical and
morphological properties. A study conducted to distinguish between B. sporothermodurans
and B. oleronius showed that the strains of B. oleronius are non-motile, Gram-negative, rod
bacilli, the spores are able to resist high heat, and the diameter of colonies are around 1-2
mm. When placed on the TSA (Trypticase Soy Agar) media, the colonies are milky or beige,
glossy, its edges are very light and they do not need vitamin B12 for growth. B. oleronius
grows in temperatures around 30-50°C, pH 5.7 and 6.8 % NaCl. The G+C content was 35.2
mol% and the fatty acids were iso-C15: 0, Anteiso-C15: 0 and anteiso-C17: 0 (Heyndrickx et
al., 2012).

In contrast, the amended characterizations of B. sporothermodurans have shown that the
cells are motile, Gram positive rods, needing vitamin B12 for growth. The colonies are cream,
full, and spherical, around 2 mm in diameter, and spores have the ability to resist high
temperatures. B. sporothermodurans grows in temperatures around 20-55°C, pH 5 and 5 %
NaCl. The G+C content was 36.7 mol% and the fatty acids were iso-C15: 0, anteiso-C15: 0
and anteiso-C17: 0 (Heyndrickx et al., 2012). In view of these findings it is highly probable that
B. oleronius can be included in group Il of Bacillus species.

In the past, Bacillus species have been classified into several clusters, depending on their
phenotypic features, but a new method for studying Bacillus taxonomy and phylogeny has
come to light, one that depends on the small subunit ribosomal 16S rRNA gene.

This gene is considered to be the most successful method so far discovered for use in the
analysis of phylogenetic relationships. The main advantages of 16S rRNA are (i) It is
permanently present in all living organisms; (ii) it is accurate when there is a change in the
nucleotide sequences; (iii) the large size of 16S rRNA has contributed to it being useful in
many informatics applications. Experts were able to arrange and reclassify Bacillus species
on the basis of 16S rRNA (dkstad and Kolstg, 2011; Woese, 1987). Many medical laboratories
have employed 16S DNA in scientific research as a fundamental criterion for the assessment
of phylogenetic diversity in various bacterial populations and in the Bacillus genus in particular

(Lane et al., 1985). The ability of 16S rRNA gene to provide many PCR primers easily has
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contributed to the targeting of a large number of bacterial communities (Vos et al., 2012). The
success of the use of the 16S rRNA gene in the classification of a number of bacterial genera

has made it the gold standard, particularly with regard to the Bacillus genus (Ki et al., 2009).

However, the 16S rRNA gene is not without possible disadvantages. Sometimes the 16S
rRNA approach fails in the identification of a particular species belonging to related taxa,
especially when there is a similarity between these species’ rRNA genes or in their
morphological and biochemical properties (Fox et al., 1992). The reason for the difficulty of
making the distinctions by using the 16S rRNA gene is due to the high level of conservation
of the primary structure of the 16S rRNA gene. This case applies to some Bacillus species,
which are characterized by containing closely related species, and there are 222 recognized
species (Ki et al., 2009). For example, the use of 16S rRNA to distinguish B. subtilis from the
closely related B. licheniformis or B. amyloliquefaciens is a major challenge due to insufficient
evidence for the existence of any difference in their 16S rRNA sequences. Despite the fact
that the genus of Bacillus is large and diverse, some species that belong to genus are
characterized by a high degree of similarity between each other. Hence, distinguishing the
Bacillus species remains a matter of some importance. Due to the above facts, a large number
of genes are used today as substitutes for 16S rRNA. These include recA, rpoB, gyrB, genes
(Kwon et al., 2009) and dnaJ gene (Shah et al., 2007).

This gene encodes part of the DNA recombination and repair system. It has been suggested
as a potential biomarker with reference to the phylogeny of bacteria and it has been used to
distinguish various bacterial species belonging to bacterial genera. For example, the recA
sequence has been used to distinguish between the Lactobacillus casei and the L. plantarum
groups (Felis et al., 2001 and Torriani et al., 2001). Rodriguez and colleagues (2006) have
succeeded in differentiating some Lactobacillus species that contain heterogeneous strains
by using the recA gene sequence. In addition, the recA gene has been employed to distinguish

some Bacillus species that have a high similarity of rRNA genes (Kwon et al., 2009).

This gene encodes as the B subunit of DNA polymerase. It has been recommended as a
molecular substitute of 16S rRNA and is a highly conserved housekeeping gene (Case et al.,
2007). More compellingly, the rpoB gene has many advantages over the 16S rRNA gene, for
example, the rpoB gene is characterized by homogeneity within the cell, due to the fact that it
consists of a single copy gene; also its genetic sequences are quite long, approximately 3.5
kb in the genus of Bacillus, and the rpoB gene is typically present in public databases (Ki et

al., 2009). The data of the rpoB gene is characterized by easy and fast interpretation, based
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on the fact that it is a protein-encoding gene (Vos et al.,, 2012). The identification and
classification of numerous types of bacterial genera, such as the Streptomyces,
Pseudomonas, Staphylococcus, Vibrio, and Mycobacterium and Bacillus can be undertaken

by using the rpoB sequences (Marianelli et al., 2006).

To date, the sequencing of ten Bacillus species with the complete rpoB gene has been
conducted using many of the Bacillus genome projects in the world. Likewise, determination
of some Bacillus species by using partial rpoB gene sequences has been carried out for the
purpose of discovering the Bacillus species that cause bacterial diseases, such as B. cereus
and B. anthracis (Qi et al., 2001; Ko et al., 2003). Case and his colleagues (2007) have
proposed a comparison between rpoB and 16S rRNA genes to select a substitute biomarker
for microbial ecology. Their study has proved that the rpoB gene is a suitable alternative,
particularly as it has a single copy gene, thus ensuring its accuracy in diversity by reducing
errors resulting from heterogeneity.

More recently, researchers have relied mainly on protein encoding genes as a tool for
determining bacterial phylogenetic relationships (Chelo et al., 2007). GyrB and gyrA are two
subunits of bacterial DNA gyrase. The gyrase B gene (gyrB gene) encodes the subunit B
protein of DNA gyrase. It can be considered as DNA topoisomerase Il, which has a vital role
in DNA replication and in cellular metabolism. The gyrB gene is widespread among the
bacterial species (Watt and Hickson, 1994; Huang, 1996). Inferred rates of genetic evolution
are sometimes calculated on the basis of gyrB gene sequences, rather than 16S rRNA
sequences, because of the high speed and accuracy of the gyrB gene compared to rRNA
genes (Yamamoto and Harayama, 1996). Several phylogenetic studies have been conducted
to demonstrate the crucial role played by this gene in bacterial genera, such as Salmonella,
Mycobacterium, Escherichia (Fukushima et al., 2002) and the B. anthracis—cereus—

thuringiensis group (La Duc et al., 2004).

The results of the above studies demonstrate that gyrB is a useful biomarker for the
construction of bacterial phylogenetic relationships and for studying the classification of some
bacterial species, including those of the Bacillus genus (Wang et al., 2007). Another study,
conducted by Huang and his colleagues (2012), has indicated that the gyrB gene could be
used for the identification and differentiation of various species of Bacillus, such as B. subtilis,

which has 13 related species.
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The discovery of the double helix structure of DNA in 1953 by James Watson & Francis Crick
gave way to the beginning of a new science that eventually originated the field of DNA
sequencing. Despite being a great discovery, scientists did not pay a great attention to the
importance of the DNA sequence. In fact, it was only 15 years after Watson & Crick’s discovery
that the first method for determining DNA sequences was develop by Wu and Kaiser, who
were able to partially sequence DNA fragments of lambda bacteriophage. After that, scientist’s
interest in studying DNA sequences and life technologies increased with the first sequencing
procedure described by Sanger and knickers in 1975 (Fei, 2014).

Sanger sequencing procedure, which is also called “plus and minus” sequencing, used two
sequences of ®X174 bacteriophage. In the Sanger method, DNA polymerase | was
considered the basic material for extension of the primer oligonucleotide and copy DNA
template using the four Deoxynucleotide Triphosphates (ANTPs) with one of these nucleotides
marked with radioactive phosphate-32. The DNA molecules with different lengths were mixed
together with the primer oligonucleotides. When the DNA purification was finished, the
additional triphosphates were removed by dividing the DNA mixture into eight equal amounts
for preparing the DNA polymerase | reactions to the next round. The process of DNA
sequencing was completed using a specific sequence method that involved using either three
of the four dNTPs (minus) or using only one of the four dNTPs (plus). Through separation of
the eight reactions, it would be possible to determine the DNA sequence using gel
electrophoresis. The most important advantages of this method was speed and simplicity;
however, the disadvantage of this method was using only single stranded DNA to determine
the DNA sequence (Figure 4) (Fei, 2014).
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Figure 4. Diagram of Sanger sequencing (Fei, 2014)

This figure represents the Sanger sequencing method using different lengths of DNA molecules. The
generated DNA can be used as a template using oligonucleotide primers. The separation of the eight

reactions of both of plus and minus systems was achieved using gel electrophoresis.
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The toughest challenge scientists faced with the Sanger method was the limited humber of
samples coupled with the difficulty of a timely preparation and completion of the procedure.
Thus, scientists turned their efforts to find an alternative method that eventually gave rise to
the so called next generation sequencing technology capable of answering the modern

requirements.

Single Molecule Real Time Sequencing (SMRT) is one of the most important modern
technologies that has been developed by Pacific Biosciences (Eid et al., 2009). In previous
years, SMRT technique was underappreciated, especially when compared to other next
generation sequencing techniques such as lllumina and lon Torrent, due to the many rumors
regarding its inaccuracy and complexity. However, SMRT is becoming more and more
promising with improvements in precision, speed, production of high and accurate DNA
sequences from unamplified molecules and the ability to sequence DNA with small genomes.
The SMRT technique depends on labeled nucleotides that generate fluorescent plus. The
synthesis of tagged nucleotides can be happened along DNA template molecules (Roberts et
al., 2013).

SMRT technique can be carried out on SMRT cells that contain around 150,000 Zero-Mode
Waveguide (ZMW) (Levene et al., 2003). The zero-mode waveguide is a nanophotonic
structure in the shape of circular holes with a diameter of around tens of nanometers based
on a solid and visible metal base containing silicon dioxide substance (Levene et al., 2008).
ZMW can be created a small illuminated volume at the lower base of the SMRT cell. During
the sequencing process the DNA template is attached and immobilized on the lower surface
of the ZMW while the phospholinked nucleotides are inserted into the reaction solution. The
four-phospholinked nucleotides (A, G, T, and C) are marked with multiple fluorescent that
differs in color. When a nucleotide is held, a production of a light pulse increases the detection
volume 1000 times therefore reducing the background noise. Splitting and diffusion of the
fluorescent label out of the ZMW area occurs after integration of one of the nucleotides. The
process of sequencing is performed in parallel in thousands of ZMW that form a SMRT cell
(Figure 5) (Fei, 2014).
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Figure 5. Summary of Single Molecule Real Time Sequencing ((Fei, 2014).) (A) The DNA template is
attached with active polymerase and immobilized on the lower surface of the ZMW. (B) The
phospholinked nucleotides are inserted into the reaction solution. (C) The four-phospholinked
nucleotides (A, G, T, and C) are marked with different colors. (D) Production a light pulse. (E) Splitting
and diffusion of the fluorescent label out of the ZMW area occurs after integration of one of the
nucleotides. (F)The process of sequencing is performed in parallel to make up thousands of ZMW that

form SMRT cell.
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The species Bacillus oleronius has been reported as a potential pathogen associated with

demodicosis and as a likely cause of the associated pathology. The aim of this study was

based on designing species-specific primers for identification B. oleronius in Demodex

sampled from healthy people.

Strategies:

Develop a purification method for large amounts of high-quality genomic DNA for
single-molecule real time next generation genomic sequencing (SMRT) of B. oleronius.
Confirm that 16S sequence of B. oleronius is unsuitable for species descrimination.
Confirm the Bacillus species genetically nearest to B. oleronius phylogenetically
Search for fast evolving protein-coding genes in the Bacillus subtilus group as potential
marker genes.

Design group-specific primers for these fast-evolving genes that encompass sequence
regions of high divergence.

Amplify these gene fragments from B. oleronius for Sanger sequencing.
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CHAPTER TWO

2. MATERIAL AND METHODS

Nutrient broth powder 6.5 g (Ref. No 84662.0500) was dissolved in 500 mL ionised water
dH20.The mixture was stirred well and sterilized by autoclaving at 121 °C for 3 hours. The

media was then stored at room temperature until needed.

Starter cultures of B. oleronius were obtain from (QIAGEN, Germany) and cultured according
to the manufacturer’s instruction (Appendix 1). The tip of the ampoule was heated in a flame
and two to three drops of water were placed onto the hot tip in order to crack the glass. The
glass tip was stroked off with forceps and the inner vial containing B. oleronius strain was
taken out. The cotton plug was removed and kept under sterile conditions. Then, 500 uL of
nutrient broth media was added to the inner vial, the plug was replaced and the pellet was
allowed to rehydrate for about 30 minutes. Meanwhile, 5 mL of the liquid medium was placed
into five clean falcon tubes and 100 pL of the bacterial suspension were added to each of the

five falcons and incubated at 30 °C on a shaker at 140 oscillations per minute overnight.

Bacillus oleronius was grown overnight on broth media culture .Two protocols and two

extraction kits were used for the extraction of DNA from bacterial culture.

DNA extraction was carried out by using the Gentra Puregene Yeast/Bact. Kit (No. 84501416)
according to the manufacturer’s instruction (Appendix 2). 500 uL of the cell culture that was
incubated overnight at 30 °C was transferred into a 1.5 mL microcentrifuge tube on ice,
followed by centrifugation at 13,000-16,000 rpm for 5 s. The supernatant was discarded and
300 pL of Cell Suspension Solution was added. Then 1.5 pL of Lytic Enzyme Solution was
added and mixed by inverting 25 times and then incubated for 30 min at 37 °C, followed by
centrifugation at 13,000-16,000 rpm for 1 minute. The supernatant was discarded and then
300 pL of Cell Suspension Solution was added and pipetted up and down to lyse the cells. 1.5
ML RNase A Solution was added and mixed by inverting 25 times and then incubated for 60
minute at 37 °C. 100 pL of Protein Precipitation Solution was added and centrifuged for 3
minute at 13,000-16,000 rpm. 300 pL of isopropanol was pipetted into a clean 1.5 mL
microcentrifuge tube and the supernatant was added; the tube was inverted 50 times and

centrifuged for 1 minute at 13,000-16,000 rpm. The supernatant was discarded and the tube
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was drained by inverting on a clean piece of absorbent paper. 300 uL of 70% ethanol was
added and centrifuged again for 1 minute at 13,000-16,000 rpm. The supernatant was
discarded and the tube was drained on a clean piece of absorbent paper with allowing drying
at room temperature for 10 minute. 100 yL DNA hydration solution was added and the
Eppendorf tubes were placed on a thermo block (Techne DRI-Block DB.2A, USA) at 65 °C for
1 hour and then left overnight at the rotator (IKA- VIBRAX- VXR, Germany).

DNA extraction was performed by using DNeasy ® Blood & Tissue Kit (50) (cat. no.
69504).The extraction was carried out as following procedure as indicated in the
manufacturer’s instruction (Appendix 3). In a sterilized microcenterfuge tube, which contained
B. oleronius was centrifuged for 5 minutes at 190 rpm and 20 L proteinase K was added. 200
uL proteinase K was added and the sample was placed on the thermo block at 65 °C for 10
minutes. 200 uL of ethanol was added and the mixture was transferred to a DNeasy Mini spin
column and centrifuged at 8000 rpm for 1 minute. The flow- through and collection tube were
discarded. The spin column was placed in a new micocentrifuge tube and 500 uL Buffer AW1
was added. The sample was centrifuged for 1 minute at 8000 rpm and the flow- through with
collection tube was discarded. The spin column was placed again in a new Eppendorf tube
and 500 uL Buffer AW2 was added. The column was centrifuged for 3 minutes at 14,000 rpm
and the flow- through with collection tube was discarded. The spin column was transferred to
a new micocentrifuge tube and 200 pL Buffer AE was added to the centre of the spin column
with avoiding any scratching of the filter. The sample was incubated for 1 minute at room
temperature (15-25°C) and centrifuged for 1 minute at 8000 rpm. The tube now contained

DNA extracted and it was ready for quantification.

DNA was extracted using also the Gentra Puregene Yeast/Bact kit but following the respective
protocol for Gram —negative bacteria (Appendix 4). From the bacterial culture 500 yL were
transferred to a 1.5 mL microcentrifuge tube on ice, followed by centrifugation at 13,000-
16,000 rpm for 1 minute. The supernatant was discarded by pipetting, and then 300 uL of Cell
Suspension Solution was added and the sample was incubated on the thermo block at 80 °C
for 60 minute. Subsequently 100 pL of Protein Precipitation Solution was added and
centrifuged at 8000 rpm for 2 minute at 5°C. Afterwards, 300 L of isopropanol was pipetted
into a clean 1.5 mL microcentrifuge tube and the supernatant was added. The tube was
inverted 50 times and centrifuged for 3 minute at 13,000-16,000 rpm at 4 °C. The supernatant
was discarded and the tube was drained by inverting on a clean piece of absorbent paper.
Three hundred pL of 70% ethanol was added and centrifuged again for 2 minute at 16,000

rpm AT 4 °C. The supernatant was discarded and the tube was drained on a clean piece of

24



absorbent paper with allowing to air dry for 10 minute. One hundred uL DNA hydration solution
was added and the Eppendorf tubes were placed on the thermo block at 65 °C for 10 minutes
instead of 1 hour and then left overnight at 80°C. Next day the extracted DNA was quantified

using the Nanodrop.

Puregene DMA Procedure

Lysis

Probein predipiation

Wash with ethanol

DA hydration

.
|
T
I
:
r—
?
I
T
|

Fure DMA

Figure 6. Stages of DNA extraction using Puregene kit
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A 0.8% agarose gel was prepared as follows: 0.8 g of agarose powder (Batch No. D23374)
was added into a clean Erlenmeyer flask and 100 mL of TAE buffer was added and mixed
gently. The solution was heated in a microwave for 2-4 minutes. Then, 10 yL of SYBR® Safe
View DNA gel stain dye (Lot no. 1459622) was added to the mixture and the gel solution was
poured into a gel-casting tray and left for 30 min to set. Next, the gel was gently transferred
into an electrophoresis tank with filling the tank with the diluted buffer.

In order to evaluate the quality and quantity of genomic DNA, agarose gel analysis was used
after finishing the DNA extraction. The samples extracted with the Gentra Puregene
Yeast/Bact kit from Gram —negative bacteria were loaded only into the gel with different
concentrations. Aliquots of 8 ul [5 pl of DNA sample with 3 ul of loading dye] of DNA extract
were loaded into corresponding wells and finally the gel electrophoresis (The PowerPac Basic,
Bio-Rad laboratories) was run at 80 volt for 60 min (Appendix 5).

The three samples with the highest amount of extracted DNA using the Gram-negative
protocol (with concentrations of 176, 140, and 102 ug/ul) were combined and extracted with
the DNeasy kit in order to obtain high quality of DNA. For that 300 ul AL buffer without ethanol
and 40 pl of proteinase K were added to the mixture and mixed by light vortexing. Then the
sample was incubate at 56 °C overnight. In the following morning the proteinase K was
inactivated at 95 °C for 15 minutes. 200 uL of ethanol was added and the mixture was
transferred to a DNeasy Mini spin column and centrifuged at 8000 rpm for 1 minute. The flow-
through and collection tube were discarded. The spin column was placed in a new
micocentrifuge tube and 500 uL of Buffer AW1 was added. The sample was centrifuged for 1
minute at 8000 rpm and the flow- through with collection tube was once again discarded. The
spin column was placed again in a new collection tube and 500 uL of Buffer AW2 was added.
The column was centrifuged for 3 minutes at 14,000 rpm and the flow- through with collection
tube was discarded. The spin column was transferred to a new eppendrof tube and 200 uL of
Buffer AE was added to the centre of the spin column avoiding any scratching of the filter. The
sample was incubated for 1 minute at room temperature (15-25°C) and centrifuged for 1

minute at 8000 rpm.
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In order to design universal primers that can bind to any DNA nucleotide sequence of Bacillus
species, rpoB, gyrB and recA genes for different Bacillus species were downloaded from

GenBank (www.ncbi.nlm.nih.qov/GenBank/ ) within National Centre for Biotechnology

Information (NCBI) database. The construction of primers was based on the nucleotide
sequences of rpoB gene of the 11 Bacillus species. On this basis, the rpoB sequences
(GenBank accession no. in parentheses) from Bacillus weihenstephanensis (5840109),
Bacillus thuringiensis (2853766), Bacillus subtilis subsp (936335), Bacillus pumilus (5619311),
Bacillus pseudofirmus (8766702), Bacillus megaterium (8984566), Bacillus licheniformis
(3101115), Bacillus halodurans (892766), Bacillus coagulans (10763787), Bacillus clausii
(3201560), Bacillus cereus (3024069), Bacillus atrophaeus (9893832), Bacillus anthracis
(2820986), Bacillus amyloliquefaciens (9780500) and the gyrB sequences from Bacillus
thuringiensis (9191046), Bacillus subtilis subsp (939456), Bacillus sp (15383109), Bacillus
pumilus (5619216), Bacillus pseudofirmus (8766585), Bacillus megaterium (9115396),
Bacillus licheniformis (3099964), Bacillus infantis (17113005), Bacillus halodurans (892561),
Bacillus cytotoxicus (5344960), Bacillus coagulans (10763676), Bacillus clausii (3204560),
Bacillus cereus (3023387), Bacillus atrophaeus (9893715), Bacillus anthracis (7852267),
Bacillus amyloliquefaciens (9779917) were aligned using Geneious software (v.5.6)

(https://www.geneious.com) and choosing the option “without gaps” in order to determine the

most conserved regions that would be suitable to design primers (Table 4 and 5) respectively.
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Table 4. Sequences of rpoB gene retrieved from GenBank, species (scientific name), class and

GenBank Accession Number (AN).

No Scientific name Class GenBank AN
1 Bacillus weihenstephanensis Bacilli 5840109
2 Bacillus thuringiensis Bacilli 2853766
3 Bacillus subtilis subsp Bacilli 936335
4 Bacillus pumilus Bacilli 5619311
5 Bacillus pseudofirmus Bacilli 8766702
6 Bacillus megaterium Bacilli 8984566
7 Bacillus licheniformis Bacilli 3101115
8 Bacillus halodurans Bacilli 892766
9 Bacillus coagulans Bacilli 10763787
10 Bacillus clausii Bacilli 3201560
11 Bacillus cereus Bacilli 3024069
12 Bacillus atrophaeus Bacilli 9893832
13 Bacillus anthracis Bacilli 2820986
14 Bacillus amyloliquefaciens Bacilli 9780500

28




Table 5. Sequences of gyrB gene retrieved from GenBank, species (scientific name), class and

GenBank Accession Number (AN).

No Scientific name Class GenBank AN
1 Bacillus thuringiensis Bacilli 9191046
2 Bacillus subtilis subsp Bacilli 939456
3 Bacillus sp Bacilli 15383109
4 Bacillus pumilus Bacilli 5619216
5 Bacillus pseudofirmus Bacilli 8766585
6 Bacillus megaterium Bacilli 9115396
7 Bacillus licheniformis Bacilli 3099964
8 Bacillus infantis Bacilli 17113005
9 Bacillus halodurans Bacilli 892561
10 Bacillus cytotoxicus Bacilli 5344960
11 Bacillus coagulans Bacilli 10763676
12 Bacillus clausii Bacilli 3204560
13 Bacillus cereus Bacilli 3023387
14 Bacillus atrophaeus Bacilli 9893715
15 Bacillus anthracis Bacilli 7852267
16 Bacillus amyloliquefaciens Bacilli 9779917
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Similarly, the recA sequences from Bacillus weihenstephanensis (5843762), Bacillus
thuringiensis (2858232), Bacillus subtilis subsp (939497), Bacillus pumilus (5620865), Bacillus
pseudofirmus (8768955), Bacillus megaterium (12085437), Bacillus licheniformis (3099159),
Bacillus halodurans (894623), Bacillus clausii (3202852), Bacillus cereus (1206124), and
Bacillus anthracis (1087627) were aligned using the previously described method (Table 6).

Table 6. Sequences of recA gene retrieved from GenBank, species (scientific name), class and

GenBank Accession Number (AN).

No Scientific name Class GenBank AN
1 Bacillus weihenstephanensis Bacilli 5843762
2 Bacillus thuringiensis Bacilli 2858232
3 Bacillus subtilis subsp Bacilli 939497
4 Bacillus pumilus Bacilli 5620865
5 Bacillus pseudofirmus Bacilli 8768955
6 Bacillus megaterium Bacilli 12085437
7 Bacillus licheniformis Bacilli 3099159
8 Bacillus halodurans Bacilli 894623
9 Bacillus clausii Bacilli 3202852
10 Bacillus cereus Bacilli 1206124
11 Bacillus anthracis Bacilli 1087627
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The nucleotides sequences of the genes retrieved from GenBank were aligned using Genious
program, 27 regions were identified in the rpoB gene as being an appropriately conserved
regions for design universal primers (Table 14). Some positions with conserved regions were

suitable for designing reverse and forward primers while some of these regions were not.

Table 7. The most conserved regions of rpoB that are suitable for design sets of universal primers

26 - 45

1516 - 1535

1525 - 1544

1549 - 1568

1928 - 1946

2299 - 2318

2539 - 2558

2782 - 2801

2794 - 2813

2830 - 2850

3169 - 3188

3205 - 3244

3208 - 3227

3211 - 3230

3238 - 3257

3244- 3263
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For identification the most important areas of the alignments to design universal primers, the
most highly conserved regions were chosen. According to these regions, the forward and
reverse primers with about 20 base pairs nucleotides long were designed using the Geneious
software. The degenerated primers were designhed based on the difference of the nucleotides
sequences along the alignments by using the International Union of Pure and Applied
Chemistry (IUPAC) ambiguity codes (Table 8).

Table 8. IUPAC ambiguity codes

Code Description
M AC
R AG
W AT
S CcG
Y CT
K GT
V ACG
H ACT
D AGT
B CGT
N ACGT

The candidate primers were checked to ensure suitability for work in PCR. The melting
temperatures of the primers, GC content, secondary structure (hairpins) and dimer formation
were checked by wusing the Geneious software and OligoAnalyzer 3.1 tool

(https://eu.idtdna.com/analyzer/Applications/OligoAnalyzer/).

In order to design specific primers for bacillus oleronius, fast evolving protein-coding genes
such as rpoB, gyrB, recA, ITS, 16SrRNA, and ytcP genes were chosen in the Bacillus subtilus
groups. The Individual primers were analyzed with the help of the programme Primer 3 version
4.0.0 (Koressaar and Remm, 2007; Untergrasser et al., 2012) and primer pairs with the help
of the programme PriDimerCheck (Shen et al., 2010). The specificity of primer pairs was
tested with Primer-BLAST (Ye et al., 2012).
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Using NCBI database, the sex genes rpoB, gyrB and recA, ITS, ytcP and 16sRNA genes for
different Bacillus species were downloaded as shown in Table 9, 10, 11, 12 and 13

respectively.

Table 9. Sequences of recA gene retrieved from GenBank, species (scientific name), class and

GenBank Accession Number (AN).

No Scientific name Class GenBank AN
1 Bacillus subtilis Bacilli 936335
2 Bacillus licheniformis Bacilli 3101115
3 Bacillus atrophaeus Bacilli 9893832
4 Bacillus amyloliquefaciens Bacilli 9780500

recA (DNA recombination/repair protein)
(Kwon et al., 2009)
Complete gene ~ 1,050 bp; fragment 908 bp.

Bsg recA-1F 5-ATG AGT GAT CGT CAG GCA GCC-3'

Bsg recA-908R 5-GCR TTT TCA CGG CCY TGD CC -3’
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Table 10. Sequences of rpoB gene retrieved from GenBank, species (scientific name), class and

GenBank Accession Number (AN).

No Scientific name Class GenBank AN
1 Bacillus subtilis Bacilli 939456
2 Bacillus pumilus Bacilli 5619216
3 Bacillus licheniformis Bacilli 3099964
4 Bacillus atrophaeus Bacilli 9893832
5 Bacillus amyloliquefaciens Bacilli 9780500
6 Bacillus aguimaris Bacilli JF812006.1

rpoB (RNA polymerase B subunit)

(Blackwood et al., 2004; Adékambi et al., 2009; Ki et al., 2009; Deperrois-Lafarge and
Meheut, 2012)

Complete gene ~ 3,600 bp.

Bsg rpoB-1537F CGKATGTGTCCGATTGAAAC

Bsg rpoB-2440R GAATATCRCGRGTGATYTCTTC

RC GAAGAAATCACTCGTGATATTC
Sequence (5'->3') Length  Tm GC%  Self complementarity Self 3' complementarity
Forward primer CGTATGTGTCCGATTGAAAC 20 5485 4500 3.00 3.00
Reverse primer GAATATCACGGGTGATCTCTTC 22 56.15 4545 8.00 5.00
Sequence information Possible Primer Dimer AG(37°C)

5' CGtATGTGTCCGATTGAAAC 3'

[1]eeeen Il
3' CTTCTCTAGTGGGCACTATAAG 5' 0.83keal/mol

FP:rpoB-1537 vs RP:rpoB-2440
Matches 31 = 5
alignment score= 0
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Table 11. Sequences of gyrB gene retrieved from GenBank, species (scientific name), class and

GenBank Accession Number (AN).

No Scientific name Class GenBank AN
1 Bacillus subtilis Bacilli 939497
2 Bacillus pumilus Bacilli 5620865
3 Bacillus licheniformis Bacilli 3099159
4 Bacillus amyloliquefaciens Bacilli 9779917
5 Bacillus atrophaeus Bacilli 9893715
6 Bacillus endophyticus Bacilli NZ-ALIM01000035

gyrB (gyrase B subunit)

(Wang et al., 2007; Huang et al., 2012; Liu et al., 2013)

Complete gene 1,920 bp, fragment 1,045 bp.

gyrB used for species-specific detection B. licheniformis (Huang et al., 2012).
Huang

Specific primers at 479-497 and 1091-1073 position.

Fragment 1,028 bp
GACGGAAGCGGCTATAAAGT
Bsg gyrB-328F GACGGHRGCGGHTATAAAGT

GGCAAAATGGCTTGGAAATG
Bsg gyrB-1355R GGYRRAATVGCYTGGAAATG

Sequence (5'->3) Length Tm GC% Self complementarity Self 3" complementarity
Forward primer GACGGAAGCGGCTATAAAGT 20 57.78 5000 5.00 2.00
Reverse primer GGCAAAATGGCTTGGAAATG 20 56.43 4500 3.00 0.00
Sequence information Possible Primer Dimer AG(37°C)
FP:gyrB-328F vs RP:gyrB-1355 2 GACGGMTTGGCTAT w2
Ha%ches 29 = 2 T ETRESIRETen T 50 -0.0Bkeal/mol
alignment score= -6
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Table 12. Sequences of pyrE gene retrieved from GenBank, species (scientific name), class and

GenBank Accession Number (AN).

No Scientific name Class GenBank AN
1 Bacillus subtilis Bacilli 936335
2 Bacillus licheniformis Bacilli 3101115
3 Bacillus atrophaeus Bacilli 9893832
4 Bacillus amyloliquefaciens Bacilli 9780500
5 Bacillus pumilus Bacilli 5620722

pyrE (orotate phosphoribosyltransferase)
(Liu et al., 2013)

Complete gene ~ 640 bp.

(Liu et al., 2013)

Liu
pyrBF AGACCGTTTCTTCCATCCA
pyrBR CACCTATTACAAATCAAAGC

57 °C annealing

Fragement 332 bp.

CCgTTtACaTGGGCgAGCGG
Bsg pyrE-64F CCKTTYACRTGGGCRAGCGG

GCTTCAAGaACaCTgCcTCC
Bsg pyrE-395R GCTTCAAGMACRCTKCYTCC

GGAgGaAGCGTtCTTGAAGC

GGARGMAGYGTKCTTGAAGC
Primer pair not synthesized due to lack of time.

Sequence (5'>3) Length  Tm  GC%  Self complementarity Self 3' complementarity

Forward primer CCGTTTACATGGGCGAGCGG il BI 600 400 100
Reverse primer GCTTCAAGAACACTGCCTCC il 812 500 500 0.0
Sequence information Possible Primer Dimer AG(37°C)

FP:Bsg pyrE- vs RP:Bsg pyrE- 5' CCgTTLACaTCCGCgAGCCE 3

- sl [oennn 1|
s @ 0 3 3' CCTeCeTCaCAaGAACTTCE 5' Solammlirl
alignment score= -8B
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Table 13. Sequences of ytcP gene retrieved from GenBank, species (scientific name), class and

GenBank Accession Number (AN).

No Scientific name Class GenBank AN
1 Bacillus subtilis Bacilli 939456
2 Bacillus pumilus Bacilli 5619216
3 Bacillus licheniformis Bacilli 3099964
4 Bacillus atrophaeus Bacilli 9893715

ytcP (putative ABC transporter permease protein)
(Kwon et al., 2009)
Complete gene ~ 880 bp, fragment 750 bp.

ATAAACGGATAGACAAGCAG
Bsg ytcP-50F ATA AAY GGA TAS ACR AGC AG
Bsg ytcP-798R GTD CTK CCG TTC ATY CAY GT
GTaCTtCCGTTCATcCAtGT
RC ACA TGA ATG AAC GGA AGT AC
RC ACR TGR ATG AAC GGM AGH AC

F 53 °C, R 55 °C, annealing 50 °C or higher

Sequence information Possible Primer Dimer Ac(37°C)

' !
FP:ytcP S50F vs RP:ytcP 798R 5' ATAAACGGATAGACAAGCAG 3

- LETHT -]
Hal:.ches 25 = 10 o CERT O REnERE 5 2.60kcal/mol
alignment score= &

Genes associated with pathogenesis encoding hemolysin (hbl), cytotoxin K (cytK) and
cereulide (ces) have been used (Martinez-Blanch et al., 2011). However, B. oleronius is not

here considered a primary pathogen.
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ITS (intergenic transcribed spacer, 16S-23S intergenic spacer region (ISR))
(Xu and Cote, 2003; Martinez-Blanch et al., 2011)

Complete region 417-795 bp, fragment same range.

Bsg 16SF-ITS 5-TCG CTA GTA ATC GCG GAT AGG C-3'
Bsg 23SR-ITS 5-GCA TAT CGG TGT TMG TCC CGT CC-3'

16S (small ribosomal subunit), Complete gene ~ 1550 bp.

(Szkaradkiewicz et al., 2012)

16S, 299 bp

BO1 266-285 AACGGCTCACCAAGGCGACG
BO2 564-545 TCCGGACAACGCTTGCCACC
RC GGTGGCAAGCGTTGTCCGGA

60 °C annealing

Fragments

Bo 16S-202FalL — Bo 16S-668R 467 bp

Bo 16S-202FalL — Bo 16S-684R 483 bp

Bo 16S-202FalL AACTTT TTT CTT CGC ATG ARG GAG AAT TG

Bo 16S-202FbL AACTTT TTT CTT CGC ATG AAG AAG AAT TG completely
specific

F 4N, R 4N different to closest sequence of Amphibacillus tropicus strain W19, 30N1-4,
PCSB2, HPC 637

Bo 16S-202FcL AACTTT TTT CTT CGC ATG AAG GGG AAT TG completely
specific,

F 2N, R 4N different to closest sequence of Amphibacillus tropicus strain HR63
>NE_025192.1 Amphibacillus tropicus strain Z-7 792 165 ribosomal RNA gene, partial sequence
product length = 478
Forward primer 1 AACTTTTTTCTTCGCATGAAGGGE 24

Template I Cevennnnnnnnnnns 169

Reverse primer 1 CTCCCAGTTTCCAATGGCCGCTTG 24
Template B23 TOT.uuussssnnnns A...N... 600
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Bo 16S-668R
RC

Product 463 bp

GCC GCT TGC GGT TGA GCC GCA AGA

TCTTGCGGCTCAACCGCAAGCGGC

Sequence (5'->3") Length Tm GC% Self complementarity Self 3' complementarity
Forward primer AAC CTTCGCATGAGGGAG 24 60.02 41.67 4.00 2.00
Reverse primer GCCGCTTGCGGTTGAGCCGCAAGA 24 7254 66.67 13.00 11.00
Sequence information Possible Primer Dimer AG(37°C)

FP:Bo 168-20 ws RP:Bo 165-66
Matches 25 = B
alignment score= -6

5' AACTTTTTTCTTCGCATGAGGGAG 3'

3' AGAACGCCGAGTTGGCGTTCGCCG 5'

-2.9%ecal/mol

Bo 16S-684R
RC

Product 479 bp

CTC CCA GTT TCC AAT GGC CGC TTG

CAAGCGGCCATTGGAAACTGGGAG

Sequence (5'->3") Length Tm GC% Self complementarity Self 3' complementarity
Forward primer AAC CTTCGCATGAAGGAG 24 58.48 37.50 4.00 2.00
Reverse primer CTCCCAGTTTCCAATGGCCGCTTG 24 66.48 58.33 5.00 4.00
Sequence information Possible Primer Dimer AG(37°C)

FP:Bo 165-20 vs RP:Bo 165-68B
Matches 15 = 5
alignment score= -6&

5' AARCTTTTTTCTTCGCATGAGGGAG 3'

3' GTTCGCCGGTRAACCTTTGACCCTC 5'

-1.49%kcal/mol

Bo 16S-202FaL

Sequence (5'-»3')

Length Tm GC% Self complementarity Self 3' complementarity
Forward primer AACTTTTTTCTTCGCATGAGGGAGAATTG 29 63.07 37.83 6.00 2.00
Reverse primer CTCCCAGTTTCCAATGGCCGCTTG 24 66.48 58.33 5.00 4.00
Sequence information Possible Primer Dimer AG(37°C)

FP:Bo 165-20 vs RP:Bo 165-68B
Matches 43 = 4
alignment score= -1

5' ARCTTTTTTCTTCGCATGAGGCAGAATTE 3'

3' GTTCGCCCETAACCTTTGACCCTC 5'

-1.12kcal /mol

Sequence (5'->3")

Length Tm GC% Self complementarity Self 3' complementarity
Forward primer AACTTTTTTCTTCGCATGAAGGAGAATTG 29 61.77 3448  6.00 2.00
Reverse primer CTCCCAGTTTCCAATGGCCGCTTG 24 6648 5833 500 4.00
Sequence information Possible Primer Dimer AG(37°C)

FP:Bo 16S-20 vs RP:Bo 16S-6B
Matches 43 = 4
alignment score= -1

5' AACTTTTTTCTTCGCATGAAGGAGAATTG 3°

||
3' @TTCGCCEATAACCTTTGACCCTC 5'

=1l.12keal/mol
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Bo 16S-202FbL

Sequence (5'->3") Length Tm GC% Self complementarity Self 3' complementarity
Forward primer AACTTTTTTCTTCGCATGAAGAAGAATTG 28 60.48  31.03  10.00 6.00
Reverse primer CTCCCAGTTTCCAATGGCCGCTTG 24 66.48 58.33  5.00 4.00
Sequence information Possible Primer Dimer AG(37°C)
o U oo G A 5' AACTTTTTTCTTCGCATGAAGAAGAATTG 3
RECERED ) o d 3' GTTCGCCGETAACCTTTGACCCTC 5° glulzecalmct
alignment score= -1
Bo 16S-202FcL
Sequence (5'->3") Length Tm GC% Self complementarity Self 3' complementarity
Forward primer AACTTTTTTCTTCGCATGAAGGGGAATTG 29 6347  37.93  4.00 2.00
Reverse primer CTCCCAGTTTCCAATGGCCGCTTG 24 66.48 58.33 500 4.00
Sequence information Possible Primer Dimer AG(37°C)
' n
FP:Bo 165-20 vs RP:Bo 16S-68 & MCTTTTTTCTTCGC”GT‘TTG?TMTTG d
e Ll 3' GTTCGCCGETARCCTTTGACCCTC 5' ahcical et
alignment score= 0

All subsequent primer pairs were designed to be selective for subtilis/pumilus group.
Alignments all the sequences were performed with the help of the programme Geineious R6,
version 6.1.7 (Biomatters, Auckland, New Zealand) (Figure ).
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1 10 20 30 40 50 60 7 80 90 100 110 120 130 140 150 160 170 180 190 200

e+ 1. B. subtilis recA ATGAGTGAT CGTCAGGCAGCCTTAGATATGGCT CTTAAACAAATAGAARRA CAGTTIHGGCARAGGTT CBATTATGARACTGGGHGAARAGA CAGATACAAGAATTT CllA CHGTHC CAAG CGGT CHCTEG CHCTTGATA CHG CBCTGGGAATHEGE CGGATANCCHCG CGGACGGATTATTGAAGTATA CGGECCTGARAG
o+ 2. B licheniformis 2 recA  ATGAGTGATCGTCAGGCAGCCTTAGATATGGCECTTAAACAAATAGAAAAGCAGT TIGGIMAAAGGTT CBATTATGARA CTRGGHEGAANANA CRGANA CGAGAATTT CAA CHGTIICCEAG CGGT CIT G CECTEGATECEG CECTHGGAGTGGE CGGATANCCG CGCGGMCGGATTATTGAAGTATACGGECCTGAARG
0+ 3.8 alrurohaeus recA ATGAGTGATCGT CAGGCAGCCTTAGATATGGCTCTTAAACAAATAGAARAACAGTTIGG CAAAGGTT CIATTATGAAABTGGGEGAARAGA CAGATACAAGAATTT CAA CGTHCCAAG CGGIET CHICTHG CGCTTGATA CHG CGCTHGGAATHGG CGGETANICCGCG CGGACGGATTATIGAAGTATACGGHCCEGARAG
r+ 4. B. amyloliquefaciens recA ATGAGTGATCGTCAGGCAGCCTTAGATATGGCT CTTAAGCARATAGAARAACANT THCC CARAGGTT CATIATGAAGCTGGHGAARLNA CAGATA CAAGRATTT CRACGETECCAAG CGGHT CCTHG CHCTTGATA ClG CBCTECGAATEGE CGGATABCCE CGCGGACCGATTATTGAAGTATACGGHCCTGARRG
b+ 5. Bsg recA-908R

D¢ 6. Bsg recA-1F ATGAGTGATCGTCAGGCAGCC

210 220 230 240 250 260 270 280 E) 320 330 340 350 360 370 380 390 400

r# 1. B. subtilis recA CTCEGGTARAACHACTGTGEECGCTT CATGCGATTGCIGARGTT CAG CAG CAGGG CGGACAAG CGCGTTTATHGATG CGGAG CATGC! ACGCGCAARAGCTEGGHGTEAAEBATEGAAGAG CTTTTECTGT CT CAG CCTGAA CBGG CGAG CAGG CGCTTGAAATTG CGGAAG CHBTGC THlGAAG CG
o+ 2. B. licheniformis 2 recA  CTCEGGTARAACGACEGTEGCGCTT CATG CEATTGCHGARGTT CAGCAG CAGGG CGGACAAG CEGCCTTEATEG ARG ClCANCARG CGETEGAT CCRCTEr MIG CHCAARAG CTGCCECTEALEATHC AIGAG CTTTTECTET CHCAG CCTGATACGGE COAG CAGGCG CTREAARTG CTGAAG CHCTECTEEGAAGCE
0+ 3.8 mmrohaeus recA CTCEGGTAAAACHACTGTHGCGCTTCATG CHATTG CHGAAGT T CAG CAG CAGGG CGGACAAG CHG CGTTTATIGATG CIIGAG CATG CHIT GGAMC CG THIT A CG CG CAAAAG CTHGGEG THAANA THGAAGAG CTTTTECTIET CT CAG CCTGATA CGGG COAG CAGGCGCTTGAAATTGCTGAAG CGCTHGTMEGAAGCG
r+ 4. B. amyloliquefaciens recA cTCEGGTARLACGACTGTEGCGCTT CAG CHATIEG CHGAGGTT CACGANN:BGE CGGACAGE CHG CHTTTATHGATGCIBGAG CATG CEETIEGAT C ClG THTA CG CG CAARAG CTHCCEC TEAREATEC AAGAG CTTRTGCTHT CT CAG CCECATA CGGGHGAG CAGGCGCTTGABATTGCTGAAG CECTGCTEHGAAGCG
Le 5. Bsg recA-908R

De 6. Bsg recA-1F

B 420 T 40 450 480 4 4m 430 500 510 520 530 540 550 560 570 580 590 500
o+ 1. B. subtilis recA 666 CHCTTGANATHEG THC THGTEGA CT CT G THG Clic CHCTEGT T CCBARAG CEGAAATTGAAGGHGA CATGGCEGATT CHCANGT CGGTTTHCANG CHCGEETEATGT CT CABGCGCTT CGTAAGCTTT CHGGEG CHATHAAEAAAT CEAAGA CHAT CG CEGATMT TEATTAA CCANATT CGTGARAAAGT CGGCGTHEATG
e 2. B. licheniformis 2 recA  GEGCECTGCABATECTHCT CETECACT CTGTEC CHCCECTMETECCGARAG CTCAAATECARGCEGAMATCCCEGATT ClCACGT CGETTTGCAGE CEECEBTGATCT CT CAGGCECTT CGMARG CTTTCCGCHMG CGAT CAATARAT CGAAGA ClAT CC CGATHT TMATEAR CCAGATT CETGARAAAGT CCCHGTEATC
[+ 3. B. alruﬁ)haeus recA GEGCEGTTGABATEGTHEGT CHTEMGACT CGGTEG CHG CHCTEGTT CCEHARAG CTGAAATTGARGGEGACATGGGEGART ACCTHGGEETECAGG CECGEBTGATGT CTCAGGCGCTTCGTAAGCTTT CCGGHEG CHAT CAATARGT CAANA CGATEG CHA TEATTARCCAGATTCGTGAAARGGT CGGCGTHATG
e 4. B. amyloliquefaciens recA GHEGCHEGTTGANATHEGTEGT CGTEGACT CTGTHHG CEGCECTHEGTT CCHARAG CTGAAATTGAAGGHGA CATGGGHEGATT CHCACGT CGGTTTHCANG CGCGEMTEATGT CT CAGGCGCTHCGTAAGCTTT CCGGHG CHAT CAATAAAT CIAANA CHAT CG CHATHT THATTAA CCAGATT CGTGAAAAAGT CGGCGTHATG
De 5

. Bsg recA-908R

7
o

. Bsg recA-1F

&10 520 &30 €40 550 B €70 680 550 760 710 720 730 740 750 760 70 760 750 500
. B. subiilis recA TTCGCEAANCCCEANA CHA CICCHC GGG CCGHG CGIMTGAMATT CTART CTT'CICTGCCICTTCAACTG 66 CCGTC CHGANCAG CTGAMECARGE CAACGACGTEATGGGGAA CAAMACGABAAT CARAGT CGTGAAARA CAAGGTGG CT CCECCETT CCGTA CHG CHGAGGTIHGA CATTATGTA CCCEGAAGCEATHET c
. B. licheniformis 2 recA  TTEGGAAAT CCEGAGACGACGCCHGGECCHECHEG CGCTGAAATT CTARY CTT ClCTECCECT TCARGTG CG CCGBG CHGAGCAG CTGAANCARGE CAACGACGTEATGGGCAA CAAGACCARAAT CARAGT CGTGARARACAANGT GG CHCCICCRTT CCGGA CHG CBCANGTEGACAT TATGTACGGGGAAGCHEA
.B. alruﬁ)haeus recA TTCGGAAAT CCGGAGA CHACHCCBGGHEGG CCGlG CG CTGARAT THT ANT CET CHGTHCGE! ARGTGCGCCETE CEGANCAG CIGAAGCAAGE CAACGACCTEATGGGCGAA CARAACEBGAAT CARAGTIGTGAAGAACAAGGTGGCT CCGCCGTT CCGTACEG CHGAGG THGAMAT TATGTACCGEGAAGGGA c
. B. amyloliquefaciens recA TTCGGAAATCCGGAGACEACHCCGGGHEGE CCGHMGCGCTGARATT CTART CTT ClGTGCGECT TGAAGTG CG CCGTG CGAGCANMTEAAGCAGGG CAACGACGTIATGGGGAAMAAAACGAGAATEARAGT CGTHARAAACAANGTEG CT CCICCGTT CCGTA CGG CHGANGTGGACATTATGTA CGGIGAAGGEATHT C
. Bsg recA-908R

FFPFPF
(R

Le 6. Bsg recA-1F

810 820 830 B840 850 860 870 88D 890 900 10 920 930 940 950 960 970 980 930 1,000
re 1. B. subtilis recA ARAAGAAGGEGAAAT CATHGAMCTHGGAACTGANCTEGATAT CGTGCARAAAAG CGGTT CHTGGTACT CTTATGAAGAAGAGCGHCT TGGHCANGG CCGTGARAANG CHAANCANTT CHTGARAGAARAMARAGATAT CATG CTGATGATICAGGAG CAAATICGIGAACATTA CGGIT TGGATAATAMEGGEGTHGEGC
e 2. B. lichaniformis 2 racA ~ AAAAGAAGGGGAAAT CATHEGANCTEGGAACEGAGCTHEGANAT CGTHCARAAGAG CGGTECHIGGTACT CTTATEAGGAGGANCG CCTTGGHECANGG CCGTGARAANG CEARECAGTT CHTGARAGAARAEARGGATAT CHTEETGATGATT CABGAG CAGATHCGGGAGCART A CGGET TGGAT AT GEEGG §c NG CHC
L+ 3. B alruﬁ)haeus recA AAAAGAAGGEGAGAT CATHCANCTEGGAACTGAGCTECATATEGTG CAAAAAAG CGGET CHIGGTACT CTTABGAAGAAGAGCG CCTTGCHCANGG CCGTGAAAANG CHAAGCAGTT CHT HAAAGAAAABARAGATAT CATGCTGATGATT CARGAG CAAATHCCEGAACATTA CGGET TGGATAABAAECGEG THG CHC
re 4. B. amyloliquefaciens recA EAAAGAAGGEGAAAT CATEGABCTHGGAACTGANCTGGATAT CGTGCARAAAAG CGGTT CBTGGTAMT CTTATGAAGAAGANCG CCTHGGHCAGGE CCGTGAMAANG CEARGCAGTT CHTEARAGAARAMARAGAAT CATG CTGATGATT CAGGANCAAATHCGIGAAMATTA CGGIT THGABAATAAEGGHEG T EECGE
r 5. Bsg recA-908R GGHCARGGCCGTGAAAAYGC
L+ 6. Bsg recA-1F

1010 1,020 1,040 1,047

. B. subtilis recA AGEAG CHEGEEG A AC EGHENE . A BCENETEGH MG 1 AGAATAA

. B. licheniformis 2 recA  EEGEECEGG:EGAECEGCEEE: - C EEENGG » . GHABDEC A G TIET A A
. B. alrmlzohaeus recA AENAG CENGAGG AL NEEERNG ~ A G A GEING A A MIBGERGCGATAL

. B. amyloliquefaciens recA AENANGEGCAECALCIIENGGALCAGETCCALMNAGENCALATAL

. Bsg recA-908R

PFPFY
R RTN

L+ 6. Bsg recA-1F

Figure 7: Translation alignment and primer annotation of recA sequences of Bacillus subtilis group species. Variation in sequence is highlighted in grey and
disagreement to consensus is highlighted in colour. The most diverse region of the gene is at the very 3' end, between 950 and 1050, out of reach for primer

design.
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b+ FUD 1. B. pumilus rpoB

Fup 2, B. lichenifermis rpoB

e REU 3, B. atrophaeus rpoB

[+ FUD 4. B. subtilis rpol

e Fuc 5. B. amyloliquefaciens rpoB
be FID 6. B. aquimaris rpoB

l ll] Zﬂ 19 40 T{I Eﬂ BD lﬂ[l lll] ll[l l}[l Hl] lW lﬂ] l?l] lED lEﬂ Zﬂ{l
TTGACAGGT CAACTAGTTCAGTATGGAC) ACACCGCCAGGGCAGAAGCTA[}C.CGCAI'IAGCGAAGTGTTAGAATTACCAAATCTCATTGAAATTCAAACCT‘CTTCTI'A’[‘CAG’[‘GGTI‘T‘CI‘TGATGAGGGTCTTAGAGAGATGTTTCAAGA.ATATC.CCAATTGAGGAI‘TTIACTGGT'AACCTITCTCT.GA.TI'CAI'
TTGACAGGT CAACTAGTTCAGTATGGACGA CACCGCCAG CG CAGAAG CTATG CHCG CATHAG CGAAGTGTTAGAATTACCARAT CT CATTGARATTCARACCT CTT CTTAT CAGTGGTTT CTTGATGAGGGTCT TAGAGAGATGTTT CAAGA CATATCGCCAATTGAGGATTT CACTGGTAACCTCT CT CTGGANTTHAT
TTGACAGGT CAACTAGTTCAGTATGGA(3A CACCGCCAG CG CAGAAG CTATG CJiCG CATEAG CGAAGTGTTAGAATTACCAAAT CT CATTGAAATTCARACCT CTT CTTAT CAGTGGTTT CTTGATGAGGGTCT TAGAGAGATGTTT CAAGA CATATCGCCAATTGAGGATTT CACTGGTAACCTCT CT CTHGAGTT CAT
TTGACAGGT CAACTAGTTCAGTATGGACGA CACCGCCAG CG CAGAAG CTATG CIiCG CATHAG CGAAGTGTTAGAATTACCARAT CT CATTGARATTCARACCT CTT CTTAT CAGTGGTTT CTTGATGAGGGTCT TAGAGAGATGTTT CAAGA CATATCHCCAATTGAGGATTT CACTGGTAACCTCT CT CTHGAGTT CAT
TTGACAGGT CAACTAGTTCAGTATGGACGACACCGCCAG CG CAGAAG CTATG CIiCG CATHAG CGAAGTGTTAGAATTACCARAT CT CATTGARATTCARACCT CIT CTTAT CAGTGGTTT CTTGATGAGGGTCT TAGAGAGATGTTT CAAGA CATATCHCCAATTGAGGATTT CACTGGTAACCTCT CT CTHGAGTT CAT
TTGACAGGT CAACTAGTTCAGTATGGACGA CACCGCCAHCG CAGAAGETETG CGCGEATEAGEGAAGTHT TAGARTTACCGAAT T HAT G ARATTCAAA CHY CT CGTAT CANTGGTTT CTTGATGAGGGGHT BAGAGANATG T THCGHGA CATIT CIICCGAT TGAGGARTT CACTGGTAMECTCT CTMIEGAGTT CAT

B

220 730 240 250 260 70 280 790 300 310 320 330 340 350 360 370 380 300 %00

re FUp 1. B. pumilus rpoB TGAMT ARAGTETEGGECAMCCT AAGTAT COMGT HCEAGAAT CARAAGAACGHGATGTEA CTTART CIGCT CCHCT BAGEC THAANGTECGT TTAATIHAACARAGARACTGGAGANGT AR AAGAECANGATGTET TCATGGCEGATTT CCCEAT A TGA CAGA A CEGGTA CT T TTAT CATMAAEGG TGCEGARCCHG THA
Fun 2. 8. licheniformis rpoB ECARTA GGGEGAGCCTAAGTAT CCEGTHGANGANT CAAAAGAGCGGGATG TGA (T AT CBGCT CCG CTGECEG THAABGTECGETTAATEAACAAAGALACHGCECANGT AR AGGAJCAGG AT G TFT T CATGGGEGAT TT CCCBAT BATGA CAG A G CEA (BT TEATEATEAAEGG TG CBGAACGGG TRA
[+ eV 3. B. atrophaeus rpoB TGARTABAGTHTBGGHGASICCTAAGTAT CCMGTHGAAGAAT CAAAAGAACGEGAT GTGA CT TART CHIGCT CCG CTEAGRGTGAAGG TICGT TTAATHAACARACGARACTGGAGAGG TARAAGACANGATGTIT TCATGGGHGAT TT CCCBAT BATGA CAGAIA CHGGTA CTTTTAT CATAAMGG TGCGGAACCEGTEA
[+ FID 4. B. subltilis rpoB TCAMTARACTHT BCCECAGCCTAANTAT CCMGTHCAGCAAT CAMAACARCCECAT GTGA CTTAET CHGCT CCG CTEACECTGAAGC TICCT TTAR TIALCARACARACTGCACAGC TARAAGACANCATCTET TCATGGCHCATTT CCCEAT BATGA CACAIA CEGGTA CTTTTAT CATMAACC TGCECAACCEGTEA
re FUo 5. B. amyloliquefaciens rpoB G T BGGHC ACCTAAGTAT CCRGTIGAAGAGT CARARGAACGHGAT GTGA CTTART CHGCT CCG CTGAGNGTGAAGGTICGT TTAATHAACARACARACTGGAGAGG TARAAGACAGG ATG TII TCATGGGHGAT T CCCBATMATGA CAGARA CBGGTACI TTTAT CATAABGG TG CHCAACCEGTEA
re FUC 6. B. aquimaris rpoB G ABC CHAAGTABICGGT GGAAGAAT CALAGG AABGEGAT G THA C1 T AT CIBG CB CCG CT A GGG TGA ABGTHCGTETEG TG A ABALGGARACT GG AGA NG TGAAAG AN CANG ABG THT THATGGGEGAT TT CCCBET BATGA CGGANA CGGTA CT TTTET CATHAANGG TG G AGCCEG THA
1 4‘Zﬂ 4%0 410 4§Iﬂ 4IEﬂ 4‘70 4liﬂ 4?0 ;f:[l Ellﬂ ;%D ;}F §4Iﬂ Ei‘[l §iiﬂ §7Iﬂ ;E‘D 5?0 Ef‘lﬂ
re FID 1. B. pumilus rpoB TCGTE CT CAGETEGTHCCHTCT CCARGTETAT ATT THACT GGTARAG TAGA CAABAR CGGTAANAAAGGTTTTA ClG CBA CTGTCATT CCARA CCGTGE CG CATGGTTAGAATACGARA CTGATGCGAAGGATGT NG TN A TG THCG CATHGAT CGCA CACGTARGTTG CCGGTTA CGETTCTTTTGCTG CHCTHGEE
Fun 2. B. licheniformis rpoB TCGTHT CT cAG CTHGTHECCHTCT CCAAGTG TATATTTHAGT GGTARAGTAGA CAANAA CGGTAAGAAAGGTTTTA CliG CBA CTGTCATT CCAAA CCGTGG CG CATGGTTAGAATACGAGA CTGATGCGAAAGATGTTGTHT MG THCG CATIGAT CGCA CACGTARGTTG CCGGTTA CGGTTCTTTTGCGTE CHCTHGGC
[+ v 3, B. atrophaeus rpoB Toe THTCT CAGCTHGTECGETCT CCAAGTGTATATTTHAGTGGTAAAGTAGA CAABAA CGGTAABAARGGTT T TA Cl§G OBA CTGTCATT CCARA CCGTGG CG CATGGT TAGAATACGARA CTGATGCGAAAGATGT TGTET ATGTIHCG CATHGAT CGCACACGTAAGTTG CCGGTTA CGETTCTTTTGCGTG CHCTHGGC
£e FUD 4. B. subtilis rpol CAGCT) CCETCTCCAAGTCTATATTTEACTGGTARAGTAGA CAANAR CGCTAANAARCGTT TTA CliG ClIA CTCTCATT CCARA CCGTGE CC CATGGT TAGAATACCARA CTGATGCGAAACATCT TCTHMIATCTHCC CATHGAT CGCACACGTAAGTTG CCGGTTA CEETTCTTTTGCCTC CHCTHGEC
Ce FID 5. B. amyloliquefaciens rpoB CCETCTCCAAGTETATATTTACTGCTARAGTACA CAAGAR CGETAANAARCETT TTA CIIC CBA CTCTCATT CCARA CCGTCE €6 CATGCT TACAATACCARA CTGATGCCAAACATCT TCTETATCTHCC CATHCAT CECACACETARGTTE CCEETTA CEETTCTTITECETC CHCTHGEC
re FUC 6. B. aquimaris rpoB @G THT CT CAG CTHGTECGHT CECCBAGTG THT ART THACEGGHARLGTACAAAGAR CGGHANGARAGGET T TA OB ClIA (G TIBA THCCARA € cCBGGHS CBr GGTEG AGT ABGARA CBGATGCHAARGATGTTGTET ATGTECCHATHGAT CGNA CBCCEAR BT BCCcGTEA CGGTTCT TT THCGTGC CHCTHEGGE

be FUC 1. B. pumilus rpoB
Fup 2. B. licheniformis rpoB
e REV 3. B. atrophaeus rpuB
[+ FUD 4. B. subtilis rpoB

e FUD S, B. amvlollquefaclens rpoB
o+ FUC 6. B. aquimaris rpoB

E10 620 530 B40 65D G0 &80 600 700

it

710

720 730 740 750 760 770 780 790

T CHGET CHGAMCAAG AGAT BT G ABCT B2 TG GG AGAA BGANT A ENT BCG A ARA COBTGG ANAR 5 CHGAGARBCEGGA M AAG CcEmr JGARATETABGAG CGHCTHCGT CCMG G ACAGC CHC CHA CHG THG AAAABGCGAR ARG CBT G CTHEGAEr CECGET TCTTHGAT CCGAAGHGETANGAECT

7 CoCHT CHCABCALG AGAT BETEG AT O A TG CHC ABAABGAGTAMET GCGBA ANA CG CTIEC ASA ANC ABA AL CGGA A AAEABRICABA L AG CGETECTEG AL A TET ASC A CGICTHCG T CCBG GBEAG CCECCTA CBG TAG AAAATG CHALAAG Cl'l‘GC'I'ISA'I'T'C-GGTTCTTIGATCOGAA.}.TA.GA.CT
CHBGABCAACAGAT [BEEG AT CTHA TG CBG ANAABCAGTAMET GCCBAAEA CGCTHG ABAL GABAAAG CGETECT

TTCGG 10647 C1BATRC CRC AR BGART AT GCORAAA COCTHGATAL ECAERALG CGHTGCTEGARATHT ABGAG oG Ge GETT

7 CCClT CECABCAACACAT T BCAT CTEATHC CHC AGA BCANTANET BCCEBAATA CHCT A BCABALAC CG.T.CTIGAAAT'II'AIGAGCGICTICGTCC.GGAGAGCCGCCTAC]GTAGAAAAIGC.AAAAG Cl’l‘GC’I'GGA’I'I'C.CG.TTCTTIGAI'CCGAAG.GITAIGAICI‘

TTHCCET CHCANCAAG ANAT BAT G AT KA TG GHC ABARNGAGT A BRT HCCEA A ACGCTIGAGAAGGA.AA.ACGGAAGGIA.GA.AAAG CEETGCTEGAMATHT ANIGAC CGECTHCGT COBGGAGAGC ClIC CTA CIG TAG AA AANG CIAA A AGHT B CT B TT CHCGET TCTTHGAT € (A AGEC BT AlcA EET

be FUC 1. B. pumilus rpoB

Fup 2. B. licheniformis rpoB

e REV 3. B. atrophaeus rpoB

L+ FUD 4, B. subtilis rpoB

e FUD 5. B. amyloliquefaciens rpoB
L+ FUC 6. B. aquimaris rpoB

210 820 830 840 850 860 870 200 900 910 920 930 940 950 970 980 900 1,000

e Fue 1. B. pumilus rpoB
Fup 2. B. licheniformis rpoB
e REV 3, B. a[mphaeus rpul!
[+ FUD 4. B. subtilis rp
e FUD S, B. amvlullquefaclens rpoB
[+ FUD 6. B. aquimaris rpoB

BG CEARTGTHGGACGET ABAAGATTARTAAARAG CTT CATAT A A A ARG cm;mlulcn-mucmsuw.l 718G A BCHEG AL & GG GHGR AAT HCT B CHGAAA ARG G IENEA 7T MTHGA CAGAAGAGEECT TCATARAGT CTEC CHT A CT TAGARA ABCGEAT CCOETTTAGARAGCT BT ATC CHA
G CGRGTGTEGGACGET ABAAAATT ARTAARARGCTT CARA T A KA ABCGECTHT THA S CAGHEGG CT MG CIGA AL CGCTHGT CHEGAAR CHGGHEGAAAT BCTHGCHGRARAAGE GACAGAAGANCE CTTGATAAAGT MCTECCGTA CITHG AL MG GEAT CCGETT T ANAAAGCT @I ATCCGA
[ CBrATGTEGGACGETABAAAATTAATAAAALECTT CATAT A AGA ACCECTGT T A CABBGH CT i CEGA AR CHCT [iC TG Aic CBGAM A QG GIEGA A AT [CT lG CHGAAA A MG G BENGA TT BT HCACAGAACANCECT TGATAAAGTGCTGC CHT A CTTAGARAAFGGHEAT CCGlTTTAGARABCTGTATCCIA
WG CBAATGTEGGACGET ABAAAATTAATARAARNCTT CATAT IR AGAARCGECTET THA Al CAGEGHE CT BGCIGA AR CGCTHGT AlCClGNU\CIGGIGAAATICTIGCIGAAAAAGG-GAI‘TIT GARAGAAGABCE CTTGATAAAGT BCTECCATA CT TAGAAAAEGGEAT CGGTTTAGAARGCTGTATCCGA
G CGAATGTHGGACGET ABAAAATTARTAARARG CTT CATATEAAGAAECGECTGT THA A CABBGE CT MG CHGA AL CHCT GG OGGAAR CHGGEGAAAT HCTEGCHGAAAAAG GGENGA TTETECACACAACANCHE CTTGATAAAGTECTGC CHTA CT TAGARAANCGEAT CCCTTBAGAAAECTEIATC CHA
BC CEAABGTEGGACCHT ABAAAATGAAEAAAAAG CT TGATA TIAAGAA) CG-TI’I'TIGGIC_CTIGCIGAAACICTIG.GA.COGGAAAOGGGIGAGAI'ICTIGCIGAGAAAGG-GGI'TIT 1cACHCHEECECCE CTHCATAAGCT BNTHC ClT A CT TAGARA MEC GEAT HGC HTT T AR A EINNEEA BCECH
l‘ﬂ‘lﬂ I,QZD l,ﬂllﬂ 1‘0‘40 l,DIED qun I‘B‘TD l,DISD ann l‘llﬂﬂ l‘lllD LlIZD l‘lliﬂ l‘ll4D Ll\;ﬂ l,lIED ulm l‘l‘ED l,lIQD LZ{\]D
LEGGEGGCC TG TRCANGAHGAACT BGENCT TCANT ClJATT AAGA THT BT G CHCCGNCECA TENAGAAGCEGAGCAEGEEA T CANEC TEATHGCGAAT G Clr ABG T BC AGG ANGIEEG TGA ANAA CATEACG CCTHCT GAEA TA T TG CHT OGAT CAGETACTTCTT CAR CCTHCTBCABE GG T BGGIGARA CEGATGAT
LEGGCGONG TG THGANGA ECAACT BEEGCT TCAGT CIEATEAALA TT BT GCT CCGACHGAMMEAGAAG GGG AGCAGENA T CALT GTGAT MGG HAATGCIEr ANNTBC ARG ANGGEGTT AAGAAEATEACHCCTECTGATATEATEG CTT CEAT CAGET AT T CTT WAL CCTG CTBCAMGGAGT GGG AEA CHGAEGAT
DEGCCCCCC TG THCANCABCAACT GEBECT TCANT CATT AAAATITET GCT CCACGGA TGN AACCHG ABCAGERGA THA AT GTEAT HGCEAA TG A BT ECAAG TAANAACATHEACGCCTGCT CATATEAT THCTT AT CAGHT ACT TCTT CAA CCTE CTHCA MG CAGT B GG A CHGAT GAT
TGCT CCBACHGATEEACANGE ARG TAANARCATACGCCTGCT CATATEAT THCTT CHATCAGETACT TCTT CAA CCTE CTGCABGCAG T HGGHC AR CHGAT GAT

TGCT CCMACHGATGEAGAAGE RAG TAANAACATACECCTGCTGATATEAT THCTT AT CAGETACT TCTT CAACCTHCTGCABGGAGT GGGHGAEA CBGATGAT

G CCCGCC TRMTRCAGCANCA BCT BGMMECT TCAGT CBATTAARA TIT BEENCT CCBA - - -ATGEACAGGC GAG-G-ATCAATGTIAT-SIAATGCG’I'AIST GARGANCHEEGTT AAGHACATEACHCCEECTGATATBAT TICTT A TEBENT A.CTT CTT CALNET BT Ec ARG CAGT NG G BINA CECATGAT

re FUD 1. B. pumilus rpoB
Fup 2. B. licheniformis rpoB.
e fEV 3. B. atrophaeus rpnB
[+ FUD 4. B. subtilis rpoB
e FUD S, B. amvlullquefaclens rpoB
L+ FUD 6. B. aquimaris rpoB

o+ FUD 1. B. pumilus rpoB

Fup 2. B. licheniformis rpoB

e REW 3. B. atrophaeus rpoB

e FUD 4. B. subtilis rpoB

e FUD 5. B. amyloliquefaciens rpoB
b+ FIC 6. B. aquimaris rpoB

L& FUC 7. Bsg rpoB-1537F

[+ FID B. Bsg rpoB 2440R

1‘2‘10 l,Z‘ZD
AT CGRECACT BGGER L CCE
nrcerEcAfcr BGGEA L cCGlic
SAR CCG
AT CGA| TECCEMA CCO
AT CGAECAHCT BGGERA CCG

1, z]n 1, 240 1. ZSD 1, ZED 1, ZTD 1. ZED 1, ZBD 1; ]DD 1 ilD 1 }ZD 1; ]30 1 340 1 }ED 1; ZED 1 370

CCElTG CGTT Clic THC GECAG CTE@TE CARAACCARTT CCGTATHEG CRETAACCECEAT GEAGCCTCT G TT COTCARAGRATG T CEATICAACABACHAREA CEATRA CHC CBCAGCANCTGATEAANAT T COlCCTCTEAT G Clir

TTHECGTT CHG TGGGEGAG CTIMT G CARAA CCAATT CCGTATHEGGTHTAAGCHGHAT GGAGCGEGTEGTTCGTGARAGAATGT ClATHCAAGANACHAANACGATIA CGCCGCAGCAGCTGATHAANATT CGlCCTGT AT G CHr C

CGTT CliG THGGIGAG C GCARAACCAATTCCGTATHEGGTETAAGCEGEATGGANCGTGTIGTTCGTGAAAGAATGT CHATICAGGA MACGAAEA CBATIEA CIBCCGCAGCAG CTEATEAANAT T CGECCTGT ATl CGT C

CGTT Cfic THGGIGAG C HCAGAACCAATT CCGTATHCCTETAAGCEGMAT GGAGCGTGTBGTTCGTGAGACAATGT cAAGAACGAANEA CEATA CGCCHCAGCAGCTGATHAAEATT CGlcCT GTIEATHG CGT C|

CGTT CliG THGGNGAG CTIMT§ CARAA CCAATT CCGTATHEGGTHTAAGCHGGAT GGANCGTGT G THCG TGARAGAATGT CATHCAAGAACHAANA CEATIA CGCCGCAGCAGCTGATHAANATENGECCT GTHATHG CHI C
AT CGACABETNGGEAA CCGECGTETECGT T CGG THG GEGAGETGETHCAMAACCAATT CCGTATEGGT BT GEEMECMAT GGANCG T GTGC TTCGEGAAAGAATGT ClATH CAAGAMACGARMA CIA T CHHC CHCANCANCTGATIEAABATT CGECCTGTRAT G CHY C| RAGAGTTCTTTGGAAG CTCHCAGET

1‘4‘10 1,4‘20 l,4I]ﬂ 1‘4‘40 1,4I§ﬂ lAIEﬂ 1‘4‘70 1,4ISD lAIQﬂ l‘ilﬂﬂ l,;llﬂ lSIZﬂ l‘i‘lﬂ l,;lﬂl l‘E‘ED l,E‘Eﬂ 1, EFD 1, EED 1, EEﬂ 14 Eﬂl]
TTCTCAGTTHATGGAT CANA CHAMICCG CTTGCT GANTTGA CGCARAANCGHECGT CTHT CAG CGHT BGG G CCHGGEG G T GA CACGTGAG CGIG CHG GHAT GGAAGTHCG TGACGTTCA CTACT CHCACTATGGMCGTATGTGT CCGATTG AAA CHCCHGAGGE cclmxc;xT.(mmmmcucrc-'rlnc-rcm

T GA CGCARAAGCGHECGT CTET CAG CGHT MGG A CCEGGHG G TGA CCGTGAG CG§G CliG GEAT GGAAGTICGTGACGTTCA CTART CHCACTABGGECGEATGTGT CCGATTGAAA CBCCTGAGGGHC CHAACATHGGHETT GAT CAA CTCEETET

THACGCABAAGCGHECGT CTGT CAG (T MGGA CCHGGHG G T GA CACGTGAG CGHiG ClIG GNAT GGAAGTHCGTGACGTTCA CTACT CHCACTATGGECGTATGTGT CCGATTGAAA CECCTGAGGGHC CGAACATHGE] B

TTCTCANTTHEATGGAT CAGA CGAAECCG CTTGCTGANTTHA CGCABAAGCGHECGT CTGT CAG CHEIT MGG A CCGGGG GIT T GA CACGTGAG CGG ClG GEAT GGAAGTGCGTGACGTTCA CTACT CECACTAT GGECGTATGTGT CCGATTGAAA CECCTGAGGGHC CGAACATEGGHETT GAT CAA CT CHINTHY CHT CHT

TT CTCANTTHEATGGAT CAGA CGAACCG CTTGCTGANTTGA CGCARAANCGHECGT CTGT CAG O MGG A CCGGGGGIET T GA CACGTGAG CGIG CHGGEAT GGAAGTHCGTGACGTTCA CTACT CHICACTAT GGCGTATGTGT CCGATTGAAA CECCTGAGGGHC CGAACATIEGGHTT GAT CAA CT CEIITGT CHT CAT

BrcTCABTTEATGGAT CANA CGAANCCHCT TGCT GAGTT BA CGCARAAGCCECCECTHT OGOt BGG A CCBGGHEG G BT THA CACG TG ANCGEC ClGGGEr BGAAGT G CGTGA CG T TCARTACT CHCACTATGGECGTAT GTCT CCGAT TG ARA CCCTGAGG CEC CHARCATHGG Blir MAT CAA CT CE@THET C@T CAT

CGEIATGTGT CCGATTGARAC

1 }ED 1; ZQD 1, 4DD
RAGAGTTCTTTGGEAGET CHCAGCT
AAGAGTTHT THGGAAG CTCGCAGCT
AAGAGTTCTTTGGAAGCTCHCAGCT

AT
AT
AT
AT
AT
AT

|CA
ARGAGTTCTTTGGAAGCTCHECAGCT

[+ FUD 1. B. pumilus rpoB
FUE 2. B. licheniformis rpoB
[+ REV3. B. a[ruphaeus rpoB
Ce FUD 4. B. subtilis rp
[+ FUD 5. B. amvlullquefaclens rpoB
e FUC 6. B. aquimaris rpoB

L+ FUD 7. Bsg rpoB-1537F

C+ FUr B. Bsg rpoB 2440R

2,410 2,420 2,430 2,440 2,450

2450

2470 2480 2450 2500 7510 2520 2,530 2540 2,550 2560 2,570 2,500 2,600

GATACHAAG CTGGACCHGARGAARTCACT CGEGATATT CCHAA CCTHCEGEAACA) Gc-ucccm-cwcmmccmcmmlu CCGTAT CECMRE CHCARG TRAANCACCCACAEOT T CTMSTRECEARAGTAA GG C CTAARCCHCT A CNCARCT HACHE CBEARCAACE THCATG CHAT CTTHCCHGA
GATACHAANCTEGGACCHMGRAGAARTCA CT CCIGATATT CCBAA CCTHCGHGAGGARG CHCTHECGC cATG AT CTTHGGGGA
GATACHAAECTGGACCECAAGAALTCA CT CClGATATT CCBAA COTHCCGOAAGA] cATG OEAT CTTEGCHGA
GATACGAANCTEGGACCHGAAGAAATCACT CGEGATATT CCHAA CGTHGGEGAAGARG CGCTICGCAAT CTTGARGABCGEGGAAT AT CCGTAT GG GG CHGAAG THA AEGACGGAGANCT T CTHGT MGG TARAGTAA OB CCTAAAGGIEGT BA CIGA BCTGA CliS CGAAGAACG] cr-mcm CEAT CTTHGGHEGR
GATAC] CT@GGECCECAAGAGAT CA CHCGEGATATT CCHAR CCTHCCGCAAGANG CGCTHCE CAAT CTTGANCAECGEGCAATEAT CCGTAT CGGIG OGG ARG TIAABCACCGAGANCT T CTEGT GG TAAAGT AR O CCTAAAG GIEGTEA CIGAG CTIHA CGG CHCAAGAACGHC G CATG OGAT CTTHGGHGR
GATACGAANETNGGACCHGAAGAAATCACT CGGATATT CCHAA CGTHGGGGAAGANG CGCTHCGCAAT CTTGABGANCGEGGAATATHECGTAT CGGGG CHG ARG TEAARGACGGEGAMIT HCT BGTHGG TAAGGT AA CHCCTAARG GEGTBACHGAG CT A CGG CliG AAG AACG T Bl TE CATG CGATETTEGGHGR

GAAGAEATCACHCGYGATATTC
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2,610 2620 2,630

7550 2,860 ZE70 2,580 25090 2700 2710 2720 2.730 2.740 2.750 2.760 2770 2.780 2.790 2800

re Fup 1. B. pumilus rpoB ARAGG CHCGHG ARG THCGTCATACETCT CTHCGTGT BeCHCA co GBGG CEGCGGAATIAT C CHBCABCT AR AGT Y TIBA A CCG TG AAGABGGEG MG ARSI B CCT CCECGIGT BAA CCACH TECGHGTETABATCATT CAGAAGCCTAABATTT CTGAAGCHGABA ARATGGCCGOMCGHCAMGE TAR CAAAGGEE
Fip 2. B. licheniformis rpoB ‘5. CGGHGG CGGCCGEATIATCCINCA BT HAAAGTGT THA A CCGRGAAGABGCEGACGALET G CCT CCGGCEGTAR CCAG TECGEGTET MEATCGTT CAGAAGCGTAABATTT CTGAAGGEGAJARAATGGCCGE CGGTAACAAAGGHEG
re FEV 3. B. atrophaeus rpoB A CGGEGG CGGCGGAATHEATC CHEGAGT GAAGGTHr TIAA CCGTGAAGANGGEGACGAARTHCCT CCGGGHGT HA AMCAG) THCGEGTHTABATCGTT CAGAANCGTAANATTT CTGAAGGHGAMAARATGGCCGG CGGTAACAAAGGHG
re FUD 4. B. subtilis rpoB GARAG CHCGEGAGGTHCGTGATACHTCT CTICGTGT GCCHCAMGGEGG CGGCGGAATHEATC CHRGANGT HAAAGTEr THAA CCGTGAAGANGGEGACGAARTHCCT CCRGGHGT AR CCAGH THCGEGTETABATCGTT CAGAANCGTAAGATTT CTGAAGGGGABAARATGGC CGGMECGMCA CGGTAR CAAAGGHG
re FUD S, B. amyloliquefaciens rpoB AXAAG CGCGEGARGTECGTGATACHETCT CTECGTGTGCCHECA CGGEGG CGGCGGAATIATC CHEGABGTEAAAGT @I TBAA CCGTGAAGABGGEGACGAREIECCT CCGGGEGTGAA CCAG THCGEGTETABATCGTT CAGAANCGTAAGATTT CTGAAGGHEGABAARATGGC CGGRCGMCA CGGEAR CARAGGEG
Ce FIb 6. B. aguimaris rpoB BARAG CHCGEG ARG TEECEGATA CHTCT CT HocBeT BecBCn o6 GGG 06 GHGGARTIA T CIMECA BCT BAA ACTEr TR ANCG TGAAGAEGGEG ACG AL BT CCEGGEGTAR CCAG TECGEG TETANATEGT T CAGAANCGTAANATTT CTGAAGGHEGANAAGA TGGCHGGMCGMCA CGG TAR CARAGGHG

2, Ell] 2, SZD 2, E}D Z‘EIM] 2, SED 2 EED 2, STD 2, EED 2, EQD 2 QI]I] 2 Q]Il 2, EZD 2, D!D 2, DM] 2 EED 2 EED 2, ETD 2, DSD Z,QIEI] I‘DPD
re Fup 1. B. pumilus rpoB TrATCT OB AEATECTT CCHGAAGAAGATATGC CETANCTHCCHG ABGGRACHCCEATICAT AT CATCHETEAR CCCBCTHGGEGTA CCAT CCG TATGALEAT CGCBCACC TRETEGAG CTT c.n-m;ccmrccclcclccimccmccl.u-cn-mc cGTCHCCHCT ATTTGARE GG CHCGHGAGCAAGATGTH
Fup 2. B. licheniformis rpoB TTATHET CGAANATHCTT CCGGAGGAAGATATGCCETANCTG CCHGACGGEACG CCGATHGAMAT CATGETEAA CCOGCTEGGMGTA CCATCECGTATGAAAT CCGECAGGTGT TECAGCTGCANMI GG T ATGG ClG CHCG e CC mc-wscnlmmns'rcmc'cm'rmcnl:c.cc-cc GAAGAAGATGTG)
[« REV 3. B. atrophaeus rpoB TTATCT ClAAGATHCTT CCHGAAGAAGATATGCCETARCTHC CBGACGGEACHCCGATHGATAT CATCETEAA CCOGCTHGGEGTA CCATCHCOGTATGAABAT CCCGCANCTET TGCAGCTT CABNIGGCEATGG CHGClCGHET A CCTRGG CABETHC CTCECCECTATTTCARCGHEC CHCGECALGALCANCTE
[ FI 4. B. subilis rpoB TTATCT CHAAGATHCTT CCHGAAGAGGATATGCCETANCTHC CHGACGGEACNCCHATHGATAT CATGITEAA CCOGCTEGGEGTACCAT CHCGTATGAAEAT CGGECAGG THT TGGANCTT CABNI GGG T ATGG CliG CHCGIT A CCTEGG| T |cc| CCEGTATTTGABGGHG CGCGEGAAGAGGATGTH
re FUDS. B. amyloliquefaciens rpoB TTATCT CGAAGATECTT CCHGAAGAAGATATGCCETABCTHC CHGACGGEACG CCGATEGATAT CATGETEAA CCOGCTGGGMGTACCATCHCGTAT GAAMAT CGGIICAGG THT THGANCTT CABNIGGGTATGG CIG CECGET A CCTEGGEAT BG CGTCHCCHGTATT TGANGGEG CGCGEGAAGAAGATGTE
Ce Fub 6. B. aguimaris rpoB TTATCT CHAGHATEETECCEGAAGAAGANATGCCGT IETHC CGGACGGRACHCCHATEGAT AT CATGETGAANC CHCTHGGEGTA CCAT CHCGTATGAAAT CGGECAGGTGT TRGAGCTT CABMI GG T ATG G CHG CERGGT AT AGGEAT! r‘hlr’l‘lﬁCITCICCICI'A’I'I'I'CAI:CIGC.CC GAAGRAGATGTH

3 DlD EX DZD 3 DZD 3 D4D EX DED EX DED !‘D‘TD Z,D‘ED Z‘DIQD !,IIDD 1,1‘1n 3‘]‘20 !,1‘10 3,1I4D !,]IED !,]‘ED 3‘1I7D !,1‘80 !,1IQD !‘ZIDD
Ce Fup 1. B. pumilus rpoB TGGGARACE CITGAACARG CHGGEATG T CHCHG AMG CGARARCEGTECT TT AG A CGGHCGEA CHCCHC ANC CHTTEGARAR CCGBGTHE CHGT CGCEATCATGTACATGATCAAA CTGGCICA CATGETTGA CGATARA CTT CASG CHCGMT CHACHCCECCEI A CT CACTTGTTA CC CAGCAG CClCTHCCECGTAA
Fup 2. B. licheniformis rpoB TGGGARLCHCT TGAAGAAG CHGGEATG T CHBCHG AG (AR A CHGTHCT TT AIGA CGClCGEA CBGGEGAGCCGTT MGAMAR CCGGGTHT CTGT CGGEATCATGT ACATGATCALA CT GGCHCA CATGGT TGA CCAJARAMTG CARG O CG T CHACEGGECCHET A CT CACT G TTA CHCAG CAG COlCTHGCEGC T AR
[« FEv 3. B. atrophaeus rpoB TGGGAAACHCT TGAAGAAGC CHCGEATG T CHECHGC ANG DGAAGAC.GT.CTTTAI}ACCC.CCIACICCICAGCDGTTIGAIAACCGIGTII‘ CTGT CGGEATCATGTACATGATHEAAA CTGGCCA CATGGTTGA CGATARA CTT CAG c|cc|mlm|cc|cc|mm CACTTGTTACG CANCAG CONCTHGCEECTAR

e FUD 4. B. subtilis rpoB
e FUD 5. B. amyloliquefaciens rpoB

CEGGHCAGC CGTTHCAEAR COGHGTHET CTGT CGCMATCATGTACATGATCAAA CTGGCHCA CATGGT TGA CGATA AR CTT CAC CHCG
lACGCCICAICCGTTlGAIAACCClGT.D CTGTCGGEATCATGTACATGATCAAACTGGCHCA CATGGTTGANGATARA CTT CARG CHCG

CACECGECCHT A CT CACT TGTTA CG CAG CAG CONCTHGCHGCTAR
CEACHGGECCHETACT CACT TGTTA CG CAG CAG COCTHGGEGGTAR

[ FIb 6. B. aguimaris rpoB. TGCMEAACENTTGAACAAC CHCCHATC G CNECHEC AJGC COEAAAACEGT MCT TT ARG ANG G G Bl CNC GG ANC CNTT BCAMAA C CGEGTET CTC THGGEATCATGTABATGAT CAAG CT MG CICA CATGGT TGA CCATARA CTT CAJC CHCGHT CIA CBGGECCET A CT CACT TG TTA CC CANCANC CHIT GCCMGGTAA
3210 3220 3230 3,240 3.250 3,260 3270 3280 3290 3,300 3310 3320 3330 3340 3350 3360 3370 1380 3350 3400

Lo FI 1. B. pumilus rpoB AG CHCAGT THCGHCCHECAG CCTTTECGECAGAT CCANCTRI GGG CHCTTGAAC CITABGCTC CHC CETABACECTECAAGAGAT BT NA CHGTT AANT CEGATGACCTGGTECCHCCTG T CAAAA CATABGAAG CCAT CGTIAAAGC GGAMA ARG TEC CHG GCTGTIEC CMCAAT CHIT CAAAGTET THATEMAAAG

Fup 2. B, licheniformis rpoB AGCGCAGTTEGGHGGA CAGCGT T THGGEGAGAT GGANGT TTGGG CECTTGAAG CI TABGGTG ABACGCTBCAAGAGATECTGACEGTT ARET CGCATCABGTEGT GTGTGAAAACATAMGAAG CCATCGTEAAAGGHGANA ARG THC CEGANCCHGGTGTT COGGAATCGTT CAAAGTET TGATEAAAG

r# REV 3. B. atrophaeus rpoB AG CHCART TG GBGGACAG CGTTTHGGHGAGAT GGABGT TTGGG CHCTTGAAG CT TABGGTG CliG CHTAEACHCT BCAAGAEATHCT BACEGTT ARGT CGATGA CGTGGT MGG MCGHEGTGAAAA CATABGAAG CCATCGT G mhcclcalmlwmc'camc GGTGTT COGGAATCHETIT CARAGTET TEATEAARG

r4 FID 4. B. subtilis rpoB AGCGCANT THGGEGGACAG CGTTTHGGHGAGAT GGABGT TTGGG CHCTTGAAG CT TABGGTG CBG ClTAEACHCT BCcAAGAEATECT GACEGTT AAGT CGATGA CGTEGT GG ECGTGTGAAAA CAT ABGARG CCAT CGTMAA AGGHGARA ABG THCCHGANC CEGGTGTT COBGAAT CHTT CAAAGTET THATEARAG

L« FID 5. B. amyloliquefaciens rpo8 G CECART TG G[BCGACAG CCTTTECGHCAGATGCABCT TTGGE CGCTTCAAG CT TABGCHEC CHC CHTABACGCTBCAAGAEATECT GACHGTEARGT (BGATCA CCTGCT BCCECC TG TCARAR CAT ABGARG CCATCGT BAAAGCEGABA ABC THCCEGAGC CBGCTGTT COBGAAT CHTT CALAGTET TGATBAALG

[ FIb 6. B. aguimaris rpoB. AG CECART THGGECGA CAGCGTTTHCGEGAGAT GGABGT TTGGE CHCTTGAAG CTTAGGTG ClGCGTANACEET GCAAGANATECTNA CEGTTAANT CECATGACGTHGTHCGECG TG TGAAAA CAT ABGAAG CCAT CGTMAAAGGEGANA ARG THC CHGAGC CBGGT GTT CCNGAATCITT CAAGGTE@TGATHAAAG
7410 3420 3430 3440 3450 1450 3470 3480 3490 3500 3510 3520 3510 3.540 3550 3560 3570 TSR0 3%Es

L A 1. B. pumilus rpoB ANCTT CAAAGET TAGGTATGGABGT BAAAAT CCTHT CEGCEGABGAAGALGAGATHGAAAT GAGAG AT TAGAAGACG ANC AGC ANKEG AL GEAAGCHGAEC CEETEG C-I'GAIGAAGAIGCIGIAGA-: -cm-c_cm“calc-crncaummmmc

Fi 2. B. licheniformis rpoB AGCTT CAAAGHET TAGCTATCCABCTBAAAATHCT BT CHNGEGABCAAGAAGANAT BCAAAT CACACAEI TGCAAGACE ARG ANG ARG G AAN CA A KRG A NG C GIET I CECCEET GATGALGAGHCECEAGAGHEGE TCENCEECEAC A BCHCANCEECTEACAAMAGAATAN |

r REV 3. B. atrophaeus rpoB ANCTT CAAAGET TEGCTATCCANGT BAAAAT CC GEGABGAAGARGAGAT HGARATGAGAGANI TAGAAGACGANGAGG ANNG GEALG CAAGCHGARGGIMT GG CEERT GATGALGAGBCGCHAGCARGENGC CIG CHEETC BNCATC PEGAREGCEC KNG T BCHA AE A LG A EEAG

C FID 4. B. subtilis rpoB ANCTT CAAAGET TAGGTATGGARNGTEAAAAT CCTHT CEBGGEGANGARGAAGANAT HGAAATGAGAG A TAGAAGACG ANG ANG AIG G AANCAAGCHEGARGGEET GG CHET BT CNGGT GATG AAGAG MCGGHA GA NEIG CEN CTGEEC EEGENG A» BGHG ANGENGT NACAAAAGARTAN

L+ FUD 5. B. amyloliquefaciens rpoB AGCTT CAAAGET TAGGTATGGABGTGAAALT CCTHT CHGCEGARGAAGAAGANAT NGALATGACAGAIMET AGALAGACGAGE ARG AGBGALN CAAGCHGA BG GEET BG CHlr Nt CHGGT G ATG AAGEGCBCGCHAGA NEEEGC CET c TEENC SEGHENG 12 BCEC AECENCTNACGALAGAGTAG

e FUD 6. B. aguimaris rooB ANCTT CAAAGET TAGGTATGGABGTEAAGAT CCTRT AEGAAGAAGANATEGAAAT GEGEG AT TAGAGE ANG ANG ANG ANGEGEANCA LG CHGH TN T KNI

Figure 8: Manually modified translation alignment and primer annotation of rpoB sequences of Bacillus subtilis group species. Variation in sequence is
highlighted in grey and disagreement to consensus is highlighted in colour. The most diverse region of the gene is at the very 3' end, between 3,500 and 3,085,

out of reach for primer design; however, the gene has at the 5' prime end more variable regions that can be exploited.

43



o+ FUD 1, B subtilis gyrB

re FUp 2. B pumilus gyrB

[« REY 3. B endophyticus gvrB

[+ FUD 4. B atrophaeus gyrB

C+ FUD 5. B amyloliquefaciens gyrB
[+ FUp 6. B. licheniformis gyrB

0+ FUD 7. B mojavensis gyrB

C+ FUD B. B sonorensis gyrB

L FUC 9. B vallismortis gyrB

e FUD 10. Bsg gyrB-328F

b+ FUD 11, Bsg gyrB-1355R

1 10 20

30

40

70

50 &0
ATGGAACAG CAGHEANA ABAGTTATGAT GANAAT CAGATACAGGT BHTAGAAGGET TEGAAG CHGTHCGEAAAA GACCEGGBATG TAS

ATGGAACAG CANEAE: MEAGTTA TGAT GANART CAGA TACAGGTGHT BGAAG GElTEGA AG CGGT NG EA AA BGHCCEGGEATG TA|

80 a0

100 110 120 130 140
15 TG GIRT CGA CHANENGAAAGGECTTCA CCARITGGT R GGG AAAT TGT CGA

150

AR

160
A GTATEGA

A TG GGT CHA CEAGEGERAAAG GECTT CA CCAMBTHGT T GGG ARATTGT CGA

LA

n GTATHGA|

170 180

A BG CIT BG CliG GTTA T TG THOGGAS

G2 GG CIEET BGClG GTTATTG THCHGA|

ATGGAACARABNCA A

G C2 BN EEAETEATA TCANCENGAT CAEA THCAGGT.
ATGGAACAG CAGEANA ABAGTTA TGAT GANALT CAGATACAGGTMITA CAAG G TECAAGC]
ATGGAACAG CAGEANA ARG TTATGAT GAGAAT CAGATACAGGT BIBTAGAAG G TGGAAGC)
ATGGAACAG C---ANAABANTTABGAT GANAAT CAGATACAGGTIMETAGAGG GEI TGGAAGC]

BCAAGCET THCAAGC]

jGTECCEAARACACCHECCEATCTA
IGTECCEAARACACCECCEATG TA
G T CGEAAGAGACCEEGEATG TA
|G 7@ CGBAARAGACCHGGEATGTA

ATHG G CRACEAGEGCEAAAG GICTT CA CCA) 'WCTET GCGAAGT TCTHGA
ATC GEI CEACHANEEC BAAACCECTT CACCABBIGCTEI CCGARAT TCT CCA
A TG GET CHACEARBNCEAAAGGECTTCA CCABITEGTET GGG AAATIGT CGA
AT GET CGACHAGEGCEAAACGICTGCA CCABMTRCGTAT GGG AAAT TGT CGA

BA

A GTATHGA|

BA

A GTATHEHGA|

AR

AR

A GTATHGA
Gl THGA

GA GG CElTEG CHC GTTETTC TCEEGA]
GANG CETGG G GTTATTG TIHCECA]
G2 NG CElTGGCHG GTTATTG THCHGA
G2 NG CEBTGG G GTTARTG EECHGA]

7B BEG T B

710

730

240 250 760

GGEATY

270 280

200 300 310 320 330 340

350

360

370

380 300

Ce FUD 1. B subtilis gyrB HATECANAAAG ARA ANACEATEA CGCTREGHAGAIAA "GEGCEATT CCHGT| CAIGANA NEA TGGGECGT CCT G CGG THGAAGT BATEATC ACGG TGCTHECARG AATTHGA CGGEAG CGGETATAAAG THT CHGCEGG NETECARS CIGT BCGEC CET CEG T THAA CG C|
[+ FUD 2. B pumilus gyrB BATTGANAAAGAEA GHEAT T G Al GEGGEATT CRGTEGGEATHCABGANAAEA TGGGECGT CCT GOl THGAAGT BATHATG A CGG THICTHCA CGC AAT THGA CGGEAG CGGHTATAAAG THT CGGHEGC TG CARG GECT BGC GG CHT Cffic TG TlAA WG Cl CHACCH
[+ REV 3, I!endoprwncus ayrB BATTGAGAAAGARA MEAGHEAT GHGGEATT C ST EGGEET e BCARA AN BNGCH OGT CCT 6 CEMTEC AAGT MATEATG A O TEBTHECA CG( AATTIGE CGGBEG CGCETATAAAGTET CHGGHGE -I'lcalscsmmcs{:clrclzI'l:sm'mccc-'t'l'rmc-
[ FUD 4. B atrophaeus gyrB GATTGAGAARG A MEAGHEAT GEGGEATT C0GGT GG EATHCAGGANA ANA TGGGICGT CCT G CGG TG AAGT MATEATG A OGG TECTECA CGH BATTHGA CGGEAGCGGETATAAAGTET CHGGHGC GCARGC crﬁcc.ccm'(.]crl:mmcc T CHA.CGH
r+ FUD 5. B amyloliquefaciens gyrB  GATTGANAAAG ABARBAGEAT GGCGEGGHATT COGGTHGGEAT BCAGGAGA AGA TGGGECGECCT GGG THGAAGTEATEATG ACH: THCTHCA CGC AAT THGA GG EAGCGGETATAAMG THT CHGG G T'm., GGG CG T Cic TG TELA CG |
Ce FUD 6. B. licheniformis gyrB EATTGANAAAGAIEA GHEAT GEGGEATT CORGTEGCEATHCABCAGA AGA TGGCECGT CCHEC CHG TECAACTBATEATG A CHEG TECTGCA CG( RGT THGA CGGHEAG CCCHTATARAC TET CHGCEGC TGCARG CECTBCGEG CHT CIEC TG THAA OGO CHA
Ce FUD 7. B mojavensis gyrB GTECTGCA CGC AGT THEGA CGGEAGCCCHTATAAACTGT CEGCEGCEMTECAR: CBCT BCC G CBT CGG TS THEAA CG CCTHT CHA CHG
[+ FUD B. B sonorensis gyrB GTECTGCA CGC AAT THGA CGGEAG CGGNTATARAG THT CRGCHGGEETGC ARG GBGT BCGEG CiliT Cffic THG TlAA CG CEBTG T CHA CHG
o+ FUD 9. B vallismartis gyrB GTECTGCAMGC AAT THGA CGGEAG CCCHTATAAAG TET CHGCEGGERTGC ARG CIGT BCGEG CG T CG TIlC THAA CG CGRT T CHACEG
Ce FUD 10. Bsg gyrB-328F GA CGG HEG CGGHTATAAAGT
Ce FUR 11. Bsg gyrB-1355R

410 420 430 440 450 450 470 80 00 500 510 520 530 540 550 560 570 580 590 600
r# Fup 1. B subrilis gyrB BEGEr EcARGTGACGGTT BABCGTGABCGEAAL AT ICANBGECA BEERT AT BAA CGlG GEGT B CCGGEE CHGAERTEG, ANT BATHGG EGAEA GG ATESNA CEGGA ACGABGA CHCART TG C0GG AlC CBGAAAT BTT CHCEGAAA O ElGAGTASGANT ARG AT G CT 6 C BANC oG IS TG C GG A Bl BG Cl
[+ FUD 2. B pumilus gyrB BT BCABCTGACHCTERAECGTGABGGEAAAAT) h-CA-I'-M\CG.:G.:I' |CCEGEMGGEGTHTEGAGET AT BCCHCAEA CHC ATGEEA CEGGEACEA @A CHCART T BGEG CCEC AT C CEGAAAT BT T CACHEGAAL O INGABTERCANT ARG AENENCT T6 CEANC CGTG THCCEGAGET G(,‘
[« REY 3. B endophyticus gvrB BT ECAECTGEENGTTEAMCGTGAMGCEGAR AT ATGAACCHES CEET B CCNBRNGERNG T ETENA AGT BGT) GG“(‘} A SERT . ) s | AETATGATEEECT 76 CHANCCGTEBTEC GET
[+ FUD 4. B atrophaeus gyrB BB GCABCTGACEGTTEABCGTCABGGEARRAT GGEETATGAACCHESCECT MCCERTGG CHCATE THGA AGT GAT! A CBC 5 TEEEA C| ATGAT{NEC CT THCEAGC CGTG TECCEGAGET
C+ FUD 5. B amyloliquefaciens gyrB EnErEcABcTEACGGTTBABCGTGABGGEAARAT BCABENTE CAGGEGTABGAGCCEG GG T RCCEGHGG ClGAT BTHGAAGT GATBGC CBC ATERGA C| ABTATGATEEG CT THC) A.CCGTGT.CGGGA-[‘GGC.
[+ FUp 6. B. licheniformis gyrB BGEr@cARCTEACGGTTHABNCEGARGCEAALGT BCANENT CAGGENTET GAACCEG CECT MCCCRANG CHCATHTGEA AGT BAT BCCHECAGA CGC ABGEGA CGGGA A CGABEBA CCART T BAKG CCRG AT C CGGAAAT BT T CACGGAAA CGABRGARTABCABTATGATEEC CTBC CEABN CGTG TECCEGACET Be Cl
C# FUD 7. B mojavensis gyrB EGErEcrEcTGAcEGTTEAECGTGARGGEAAR AT ECANEGECA: BGEETAT BA BCGHlG GIEEr cBGAT @TEGAGGT BATHCCHECAR: OGC A TN CEGGA A CGA A CF T MGHE CCEG AT C (BGAAAT BT T CACGGAAA (ARG GTABCANTATG AT EEGCT TGC) adeby ofel (N T Tefe |
[+ FUE 8. B sonorensis gyrB EGErECARCTEACGGTTHABRCECABGCEAALGT BCAIERCA GGREET AT GAACCEE CIECT MCCERERG CHGATHTGEL AGT BATBCC! CEGGAACGA . Ol TEEEG CCBG AT COGGAAATETT CACGGAAA (ARG BTABCABTATGATEECCT TGC| CGTG TECCHEGE BT EC CH
[+ FUB 9. B vallismortis gyrB EGETBCEECTCACHCTEEAMECGTCARGCHEAALAT BCABEGE CA ENBRT AT KAA CCEG CECT BCCCCINNT CHG AR TEG: ANT @A THECCHCANA OBC L TENMNCEGGA A CGH BEA CECGHETT IMMIE COGC AT C BGAGATETT CACEGAAN CHABEGEC ATGATEECCT TG CEABC CGTG TGCCHEGA BT BC Cll
0+ FUD 10. Bsg gyrB-328F
b+ FUD 11, Bsg gyrB-1355R

10 620 630 540 550 660 570 630 590 700 710 720 730 740 750 750 770 780 790 800
[+ FUD 1. B subtilis gyrB TTEr TR CAAIAGGGW‘T‘ AR I\T'CACGATTGAAGA.AAACGTGAAGGA.AAGAGCG.AAIAATGAITA-I'A GAAGGCGGAAT TAAAARCHTAT GTHC AGER TI'.AACCG. -AGGT.GI' CATGAAGAGC COET TTARATHCAAC CEGENALGGA CCCEATHACCC TTCANGT GG CMl TG CAAT ACAAECA
[+ FUD 2. B pumilus gyrB TTHEr THA CAAANGG CGTEAR ABGAAGGCGGEAT TAAGAGETAT GTHG ANEA] CGRRGC ARGTEGTHCAT GALG ANC CHGT TTARATECGAGC CEGERAANGA CCCEATEACEC TTCARGTHG CEETG CAAT ACAARBGA
re REV 3. B endophyticus gyrB @ TEL ETECECG CETEAM ABGAAGGCGGAAT TAAGEENTAT GTHGC ANENETTEAA _Glcmxc'r-r CATGAAGANC CCET TTARGT cuccls.sm.ch-.\'r-_mmem GCGRTECAGT ABAMEGA
C# FUD 4. B atrophaeus gyrB 17lr TEA CAAAGGG CGTEAANAT CA CGAT TGAAGA MGAAGGCGGANT TAAAAGETAT GTHG AGEAET T BAAC CGHT CGRENG ALGT CATGAGG AC CHET TTABATHGAGG GEEEGA A GGA CGGEATHEACEG TTGANG TG CEI TG CAAT ACAAEGA
[« FUB 5. B amyloliquefaciens gyrB TTEETGA CAAABGE CGTHAREAT CACGAT TGAAGANAAA CGTGAAGGAMAAGAA CGEAANA AMG AGT A EEET A BGALGGCGCAAT BAARAGETAT GTHC AGHA BT T BAL C CCIT CIENENG AACT BGTHCAT GARGAGC COET TTAMAT AM‘G.ElGAAIGACG(‘ TEACGC TTGABGTMEG CGETE CAATACAAEGA
[+ FUD 6. B. licheniformis gyrB TTEI TGA CAAANGE CGTEARNAT CA CGAT TGAAGANARG CCHC AEC CANAAGAA CCEAAGAATC ANTABECETABGARGGCCCHAT TAARACETAT GTHC AREAETT GAL C CCHT CGEGEC AACT CATGAAGAGC CCETETARATHCAAC CEBEEN BGA CCCEATHACEC TECAGCT GG OGET BCAAT ACAAECA
Ce FUD 7. B mojavensis gyrB TTHr 1GA CAAANGG CGTHAAEAT CA CGAT TGAAGAMAAA CCTC ARG GAMAAGAA CGEAANAATG AGTA] GARGGCGGAAT HARAAGETAT GTEC AGE: CATGAAGAGC CGET TTARATHGAAC GECERALGGA CCCEATHACGE TTCANGTEG CI@TG CAATACAANGA
[+ FUD B. B sonorensis gyrB TTHr TGA CAAANGG CGTEAANAT CA CGATEGAAGAEAAG CGTGAAGGANAAGAA CGEAAGAATG AGTABIGETABGAGGGCGGAAT TAAAAGETAT GTEG ARER| CABGAGGAGC CGETETARATEGAAC GETEEAANGA CGCEATHACGE TRGAGGTEG CERTHCAATACAAEGA
[+ Fup 9. B vallismortis gyrB TTHr TGA CAAANGE CGTHAAEAT CA CGAT TGAAGANAAA CGTCAAGGANMAGAG CCEAANAATC AGTANINETABGAAGGCGGAAT TAAAAGEITAT GTHEG AGE| CATGAAGAGC CGET TTARATEGALC GEGERAANGA CCCEATEACGE TTGANGT GG CGHTE CAGT ABAAEGA
Ce FUD 10. Bsg gyrB-328F
Ce FUD 11. Bsg gyrB-1355R

810 820 B 840 850 860 870 890 900 910 920 930 940 950 960 970 950 990 1,000
r# Fup 1. B subrilis gyrB CHGCTABACAAGCAREAT TTART OGTTENCEA ABAA CATEAACACG ARG AAGG CGGEACHCABGAAG CHGGETT) TGACECGTGT AT CAARG ATT ARG CBAG AAEEA A EGGGHE TSI MAAAGAA AT GAT C CHAANET ALG CGGEGANG AlG THEG GGAAGGGETGA ClIG CGAT TATTTCHAT CAAEC
Te FUB 2. B pumilus gyrB EEECTANACAAGCAANAT TTART CHTTEG O ABAA CATEAACACETARG AAGGEG cABGAAG CHGGRTT| TGACGCGTGT AT CALES AT ARG CINEG MAKNA A BGGEC TR @A AGABGET GAE CGA AMRT GAC CGCEGREG ATG THEEG BCA AGCEETEA OB (AT TATET CBAT CAANC
Ce FEU 3. B endophyticus gvrB ECCHTEEC CAAGCAANAT TTART CG TTHG CEA ABAA CATEAACACGTARG AAGGEGG BACKCAEGAAN CIG CETTEAAA A CECEENTEA CECG TCT BAT CAMEC ATT ARG CGEC AANG A A PIENES TEEr B2 AGA BART GATE CEA ATET AA BNGCECARC ATG TIHE: GCAAGGTETEA CBG CGATTATTTCEATHEAAGC
Ce FUD 4. B alrophaeus gyrB CHGCTABACAAGCAANATETART CHTTBG Clis ABAABATEAA CACHTARG AAGG CGGEACHCABGAAG NG GRTTMAAA A CNGGEETGA CllCG TCTEAT CAAES AT Al CEAG AANNAA NGGINTINEr @AM AGAAAGT GAT C CGA AINET AAG CGGEGAMG ATG TGNG GGAACGEETEA OB CGAT TAT TTCEAT CAANC
C+ FUD 5. B amyloliquefaciens gyrB CEGCTABACAAGCAARAT TTART CHTT BNCEAABAA CATBAA CACETARG AAGG CGGBACE CABIGAAG (G TEAAAACECGEETGA CBCG TCTEATHAAEC ABr AIG CHAGAAGEAANGGGETIEEr @AAAGAAANT GAT C CGA AT ARG CGGGGANGATG TGNGRGAAGCGRTGA (Il (AT TATTT CHATHEAAGC
C# FUD 6. B. licheniformis gyrB CNGCTASACGAGCAANAT TTART OGTTHG s AAA CAT EBAMA CG TARKG AAGG CGGEACE CABGAAG COlIC GRTTMAAGA CHCCENTGA CHCC BCTEAT CAMES ATT AJG CEAG AAGGAA BGGIEG TEET BAA AGAAAGECAT C CHA AT AAG CGGEGANG ATG TIBlS GGAACCEMTEA OB CGATRAT TT CHAT CAAGC
C# FUD 7. B mojavensis gyrB CGGETAEACAAGCAREAT TTART CHTTEE CEA ARAABAT @AM CACGTARG AAGG CGG EA CHCABGAAG OIGGETT MAAAACHGGGETGA ClCG TGT BAT CAMEG ATT ARG CEAG ANEEAA BGGERTIEST BAn AGAR ART GAT C CHA AT GAG CGGEGANGATG TGHG BGAAGGGHETEA i CGAT TAT BT CGAT CAMEC
T+ FUB B. B sonorensis gyrB CEGCTABACGAGCAABATETART CHTT B CA ABAA CAT EEANA CG ARG AAGG CGG HA O CABGAAG CHG GETTMAAAACHGG EETGA CECGGGT EAT CAAES ATT AG CGAG AAGGAA BCGIEG THET BAA AGAR ABEGARC CGA AT ARG CGGECANGATG TIMEC GCAAGCHETGA (B CGATTATTT CHAT CAAGC
Ce FUB 9. B vallismortis gyrB CEGCTABACAAGCAAEATTTART CGTTHE CEA ABAA CATAA CACGTARG AAGG CGG GA CHCABGAAG CHG GETTBAAAACHCGEETGA CICG TGT GAT CAA G ATT ARG CEAG AABEAA BCGCETIEET MAA AGAR ANT GAT C CGA AET AAG CGGEGABGATG THEC BGAAGCCHTGA O CGATTATTT CEAT CAANC

C+ FUD 10. Bsg gyrB-328F

b+ FUD 11, Bsg gyrB-1355R
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1210 1,220 1,230 1,240 1,250 1,260 1,270 1,280 1,200 1,300 1,310 1320 1,330 1,340 1,350 1,360 1,370 1,380 1,300 1,400

L FD 1. B subtilis gyrB AGR GIBC CNT GGAABT@T CNA AT G CCECCRARGETHEC CGGACTCET CT T CHAAAGAT C CCAGEAT BT CEGAGHTET MBAT CGTHGAG GGT GART CTGCECCHGCHT CHG (A AR CABGG ECGECAEECECATT T CCAAGCEATT TG C OGETIAGAGG TAAL AT CTEAACCTHGA AARGC CENCECTECATAR
L FD 2. B pumilus gyrB AARGIIG CHIT GGAAGT[§T O GIEET G CCHGGGAAA BTGG (WGACTG T CT T CAAAGAT C CEIENAT BT CGAGETET AEAT CGTHGAG GGNGAT CTG CGGGHGGET Clic (filh AGCANGG I CG HCOGETEAG AGGGAAGATECTEAACCTMGAARALGCEGRCTEGATAR
o+ 7Y 3, B endophyticus gyrB ARGGIEG CET BGAAGTET CEEARET BCCHGGEAAA ARAGAT CCHEMNAT BCCHGACKTET ABATEGT BGAGGGT GART (NG CHGGEGGHT CliG OBA AACABGG G CG BCOPETEANAGG TARAAT B CTIEA ABGT BGAGAAAG CHEGECTEG ATEG
I:-FmM.I!mmrohaens gyrB ARL GG COETEGALETET Ol AEET G CCECCHAAL] T CHARAGAT C CCAGEAT BT CHGANETET AT CGT BGAGGGEGART CTGCEGCBCGHET CHG CBAAAC GECGEGABEGHECATTTCCAAGCGATT TG C CGETEAGAGG TAAR AT CTGA AGTEGA AAAL G CGRCECTEG ATAR
[e FIDS. B amyl Imnefanens ayrB ARAGHEC CCETHCAGETET O ABET GCCBCCEALE) CEAAAGATCCGAGHAT BT CRGAGHETET ABAT CGTBGAGGGT GART CTG GGG HGGHT CHG OGAAACAGG LA-GICATTTCCAACCIATT.TGCOGITG.IIGCT'AAGAT CTGAACCTHECABAALG CEECECTEGATAA
Lo FID 6. B. lic ARACHEC CEErECALGTGT CHAARET GCCHCCEARR) ARAGATC CCABGAT BT CECARETET AEAT CCTICACGCT CAT CTGCECCHGE I.CGCC.AAACAGCC.CC CAMECECATT TCCAAGCHEAT GAGAGCGAARATEETGAACCTECAAAALG CRECECTGCARAR

[« FID 7. B mojavensis gvrB ARAGEC CIEET GCAGHET Wcc@cGEARL ARAGAC CGAGEAT BT CGA AEAT CGTHGAGGGT GART CTG GG RGGHT CffiG ClA AR CAGGG G CGEIGABNGECATT TCCAGGClAT [BGAGG TAARATECTGAACGTHGAAAALG CEBGGCTIGATAR
L+ Fb 8. B sonorensis gyrB. ARAGHEG CGRT GGALGTHT OGAARET GCCHCGEARAETGE CHGACTGRT CT TOGAAAGAT CCGARBGAT BT CEGAGHETIET ABAT CGTGAGGGT GART CTGCGCCEGGET CGG CHAAGCAGGG HCGEGABRGHCATT TCCAGGCGATT ITGC OBRTGEC GGG TARA AT TGAACCT HGAAARAGCERICEC TG ATAL
o+ 70 9, B vallismortis gyre AGAGIEG CIEET GGAA BT BT CNA ABET M cClcGEANGRTHEG CGGACTGRT CHT CHAAAGARC CGAGEAT BT CEGAGHTET ABAT CGTHGAGGGT GART CTG CHGGHGGHT ClG (A AACANGG B CG BGABNGECATT TCCAAGCEATT BTGC CGETEAGAGG TAAAATHCTGAACCT IIGAAAAAG CHECETI THG AIAL

L= FUD 10. Bsg gyrB-328F

s FD 11, Bsg gyrB-1355R CATTTCCARGCEATT YEEIC

1410 1420 1430 1440 1450 460 1470 1450 1490 L1500 1510 1520 1530 1550 1560 1570 1560 1580 LE0O
L& FID 1. B subtilis gyrB ACAAEGAEGT TCGETCBATGATIACHG CGCT CGGEACHG AT CGGEGAAGARNTT CAANNTEGAGAAAGCECCTT ANCANAAAGTHGTEATTA TGA CECATG CHGANG THCARG GEECGCA| TGIr BACGTT CTTHET ABECETABAT GHG BAEA THA TECA ARA GG ETABGTET
Cw FUD 2. B pumilus gyrB ACAAGAGGT TCGHT CEATGATEACHG CGCTEGGEGACHS GEAT CGGEGAAGANTT CANBNTEGAGAAAG CHCGTT ABICABAA ART HGTGAT BA TGA CHGATG CHGANG THGAIG GEGCG CA| B B CHTTCTTED ANEGETABAT GEGEGAEA TEA THCA AAABGGETATGTET
= FEV 3. B endophyticus gvrB A ABGARGABGT T CGHGCHA THA TBA CEG CERTBGGHEA CBG CEATHGG BGAAGA BT THGARET EIEN A A G O CGTT ABCARAA ANT BGTEATTATGA CIGA TG CHGANCT BGANG GESClCARATHEAGA A CE T TIET A CETTCTT BT ABEGETAEAT GEGGEARA T TECAAAABGGHTAT BTET
L+ FUD 4, B almrohaeus CEAACAMIGAGGT T CGHT CGATGA TIBA CG CECT CGGHACHG CEATEGG BCAAGANTT CAATETECABAAA G CHCGTT ABCAEAAAGT BCTEATTATGA CHGA TG CHGABCTHGANG CEGCGCANAT BAGAA CENTGETERT GACETT CTTET ABEGETARAT CECTEEAE: T, TEGAALABGCETAT ETET
&+ Fip 5. B amyloliquefaciens gyrB ACAMEGAGGT EEGHET CEA TGATEACGE CHCT CGGEACHS GEAT CGGEGARGAMT T AEETECABALAGCE CGTT ABICABALAGT GCTEAT BA TGA OGGATC CHCANCTHCARG GEGCECA BAT BAGA A CGET I TENT BACGTT CTTET ABECET A @AT GECGGAEL TEA TlCA AALBCCETATGTEY
C« FID 6. B. licheniformis gyrB ACAREGAGGT T CGHET CBATGA TEACHG CHCT CGGEA GG GEAT CGGECAAGATTT CA ABETECA BAAA G CECGET ABCARAA AGTECTGATTATGA CGGA TG CHGAECT BGARG CEGCECABAT BAGA A CGRTGETGET GA CETTETT BT ABEGETA BAT CEGGEAGA TEA TEGA AB: BCCETATGTET
L& FID 7. B mojavensis gyrB AATTETERCEAACAABGAEGT T CGHT CBATGATIBA CHG CHCT CGGHA CBG GBAT CGGGGAAGAMTT CAAMBTGCABARAGCHCGTT ABCABAA AGTIGTEATTA TGA CHGA NG CGGANGT HGARG GEECGC
[+ FUD B. B sonorensis gyrB. AATTETGT CEAACAANGAEGTECGET CGATGATEACEGCECTCGGHACHG GEAT CGGEGAAGANTT CAANETECABARAGCE CGTTABCABAAAGTECTGATTATGA CIGA TG CHGABCT BGARG GElCGC
C+ FUD 9. B vallismortis gyrB AATTETET CBAACAABGANGT T CGliT CBATGATIEACGGCHCT CGGHA CBG GIBAT CGGGGAAGARTT CAABETGGAGARA GCHCGTT ACABAA AGT G TEATTATGA (liGA TG ClGABGT BGAG GEliCGC
e FID 10. Bsg gyrB-328F
L= AU 11. Bsg gyrB-1355R

1510 1620 1630 LE40 L850 LEED 1670 LE80 1§90 1700 1710 1720 1730 1740 1750 L1760 1770 1760 1790 LE00
r# Fip 1. B subtilis gyrB ABATEGCECAG CCC COGETHT MEAAGCTHCANCAGE GEA ARG BGT TGAR TARC Clir AEAABGA BEAGEAG CTIEG ANGA T 6 TTA AL BISEC TEC CCE AR GG COBARG C G GEIIr 6CA G OGT TAER AAGGT CT TGCEGANATG AATE CBACCAG CTRTGG GAGA Clis CBATGEAT CoT BGECEA CAn CEErECTHE
Ce FID 2. B pumilus gyrB. ABATEGCECAG CCG COMNTET AMAAAGTG CAG CANG GEAAGHGEGT TGAA TARGEGT ABAA NG -A-AGCTl:AISA-EGTTAm-CTICC]mAAclcosmcCI:G-MCAGCGI'I'A A AAGGTCT TGGEGAGATGCAATG CACHICAG CTT TGGGAAR CHA CHATGGAT CCT GEEG OGA GAACEETBCTH
L FEV3. B EMODM‘“CUS gyre ABATEGCHCAG CCHCCENTGT ARARACT INGH CA KRR, A GENNGT TCAATARGC (I AR BAGH BEGEG: BCTAC ANE: AGT IO B . BACH TS CIGG AL G C CliG GIERT B CAG CGT TABAAAGGECT TGGBGABATGART BCBGEG CAG CTT TGGGAAR CHA CGATGGAT CCT GAACHEET GCTH
[+ FID 4. B atrophaeus gyrB AEATHEGCHCAG CCG COGHT AAAFT.CAGCAI:CGAA.IICTTCAATAIDCII'AIAAIGA-AGIACCT':AGGAIG’[‘GI'I'AAG_CI'ICC.CAAACICCIAACCCI:C-I'GCACCCTI'A A AAGGTCT TGGEGANATGAATG CGACHICAGCTT TGGGARA CBA CGATGGAT CCTG GAACGErECTG
o+ P05, B amyloliquefaciens gyrB  ABATEGCRBCAG CCC COGET) AAAGTE CAG CAGC GEA ABKIG GGTGGAA TARG Clir AR ARGA BEAGEAG CTIG AMBGA G GTTAAAA GEGCTHC CGCAANCE CCBAAG C CfiG Gl BCAG CGT TABAAAGGT CT TGGHGANATG AAEG CGACHCAG CTT TGGGAAA CGA CHAT GGARCCT CEGE G GAACGHr BCTG
r+ Fup 6. B. licheniformis gyrB AEATEGCECAG ccG COGHETET ARAR ABTHCAG CAGGGGA ANIG BGT TGAGTARG 06T ABAA BGA BlAGEAG CTIG ANGA Bl @ TAAAA GEGCTHC CGCAAANECCEANG C CHG GIlT GCANCGETARA AAGG T GGGIIGAGATG AATG CHACHCAGCTT TGGGAAA CBA CGAT GGAT CCT GENE CGEGGACEEr GCTH

[+ FID 7. B mojavensis gyrB
e FID 8. B sonorensis gyrB
Ce FUD 9. B vallismortis gyrB
[+ FID 10. Bsg gyrB-328F

[+ FID 11. Bsg gyrB-1355R

1, ElD 1, EZD 1, E}D 1, EJD L, ESD 1,860 ].EITD 1‘8‘80 1, EQD 1 QDD 1, DlD 1 QZD 1.DIZE
e 0 1, B subtilis gyrB CAGG THA BT BGA AGAT G CHATEG ABC CGGABGAGA CBTTTGC ABA TG CTBATC GG ECA BA AGG TAGANCCOBC BEGEA ACT TBAT BGA ACBEAAT G CGHGATABCTMARAAAT CTHG ABA TRTAA
[+ FuD 2. B pumilus gyr8 canGTGA BEETBGAGGAT G CHATHEG ARG CHGAEGAGA ClT T TG ANA TG CTEATG GGHGARA ABG TAGAGCCGEGERGEA ACT TEATGA AGERAAT G CHEEATABGTEARAAAT CTEGATATHTAG
[« REV 3. B endophyticus gvrB CAAG T GIEET GEA AGAT G CHATGG ABG CEGARGANA CHTTTG AGA T GATG GGEGA B, ABG TAGANC CGEGANGEAACT TEAT MGA AGEBAAT G CEENATABCT GAAR AABCTEGATA TITA A
e FID 4. B almrohaeus gyrB CAAG T BMMIT GGA LGAT G CGATGG ARG CGGABGANA OGTTTC AGA TG CT GATC GGHECARA MG TAGA NCCCECEEGEAACT T T HGA ACEALT C CENGATABGTGARAAAT CTESATATHTAL
o+ FDS. B amyloliquefaciens gyrB  CAAGTEA NERETEGA AGAT G CHATGG ARG CHGABGAGA CHI TTG ANA TG CTGATG GGHGA B, ABG TAGANCCGEGGEGEA A CT THEAT BGAAGEAAAEG CENGATABCT GAARAAT CTHGATATITAL
c+ P06, B, licheniformis gyr cAAGTHABGHET EEA AGAT G CGATHES ARG CGGANGANA CHTTTG ANA TG CTGATG GG EGABA AGG THGAGCCGEGEEGEA ACT THAT BGAAGEGAAT G CESGATABGT GAAGAATHTEGATA THTAA

Figure 9: Geneious global multiple alignment and primer annotation of gyrB sequences of Bacillus subtilis group species. Variation in sequence is highlighted

in grey and disagreement to consensus is highlighted in colour.
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G ABIC CGTT TACATGGGCGAGCG G CAT TIRI 6T 06 CCBAT CT ARTGIGA CAAC CGTITGA CGETHT CATHT COGGANG THAGAEA
G ABC CGTT TACATGG G CHAGCG GIAT ENAT CECCGATCT ARTG TGA CAACCGT CT{BA CREETET CRTEr CCHGANG TEAGAEA
GAGCOBTTTACATGGGCEAGCGGCAT T AT CHCCATIET ARG TGA CAAC CGT CTBA CEETGT CATEr CCBGAGG TCAGANA
GAGCCGTTTACGTGGGCGAGCGGCAT T AT CHCCGAT CT AIRTG TGA CAAC CGT CTGA CRETGT CGTHT CCHMANG TGAGARA

ETGAAA BRRNTEAT CC CHAAR CATCTATTAGA)

T Bl AL G ClG TET THTTECG C CCGAA|

GAGCCGTTACATGGGCEAGCGGCAT TII AT CHCCGAT CT ARG TGA CAAC CGCTIBA CGETHT CRT Il CCHGAGG TIBAGARA

ISID lEID H.D IE‘D l?ﬂ 195 Zl?D
GRTHT G CEMEAGGGCT G ERGGH CTGH TIEANGA BN BT 1T CCECGAG CBGAGAT
G~ BTG CRGHAG GECT GAARGAGH TGN T IETEATT C~ I 1T GEGGGAG CEGAGET
GATETGG CEENAGGECT EEEINAG CrECTEEGCEA GCAGTTT COBGHAG CBGAGAT
GATGTGG CGGHEEG CGCT BGGENLN CTGETGEANG. GCA NI TECCECHGE CAGAGAT
CATGTEG CEIEAC CENT EEGENAG CTEGTENARGAG CARTTT CCHGEAG CBCARAT

FPREFFY
LTI

. B. subtilis pyrE

. Bsg pyrE-64F CORTTHACRTGCGCRAGCGE

¥
=

. Bsg pyrE-395R

210 220 230 240 250 260 270 ZED ZQD JDD 3]D 32D 33D 34D 350 360 370 380 390 400

o+ L. B. licheniformis pyrE GATECCECCEA G CBACHC CEGCEAT BC CCATG CliG COBTC CC OlS A CHG Gl ¢ GG CCGATGT GRTABGT BAGAAG CAANC CGAAGGCECACCCEA AN GEAABCAANT T GAA GEEE CCGT HGEAMAL GO CAGA AAGIIIC TG TEATHGAAC AJIT TAXT TT CHA CBGGAG GHA G CCTICT TCAAG CHCIRG
r+ 2. B. pumilus pyrE GATHGCEGGIEA Ofic CAACHG CHGGEAT C CGCATG CGG CT NG OG G OliG A.CCG T GANTIGER CCGATGT GITARGT BAGAAGEA AGC CHAR NG CHCABGGEA AAGGGAA N CARATT GAA GGIlS COGT BIEAARAGGMCAAA AGGENGT BG T BET HGAAG ABITART TT CHACBGGAGG CAGHGT G CT TGAA GGG
r+ 3. B. alroi’haeus pyrE GATEGCEGGEA ClG CAACEG CEGGEATEC CBCATG CliG CIEETEC CG Olic ARCG Bl GARGIEEG CCNA TG T GETABGTGAGAAGCAAGC CGAANGCCACCGEA AAGCEAA MCARATT GAA GGHE COGT BENAARAGGMCAAA AANIIGG T BGTBATHGAGG AR TART TT CIBA CBGGAGG CAGCGT G CT TGAAG CHGIBAG
C+ 4. B. amyloliquefaciens pyrE GATEGCGGGEA G CARCGGCGGGEATHC CGCATG CEG G T BTG CBG ACCG EABNGGEGEE CCCATGT GRTARGT BAGAAGCAAKC CGARNG CGCACGCBAALG GEAAECARAT HGAR GGIBG CCRT EBENGARA GCNCAAA AANEAGT G TGATHGAAG MBI TGAT TT ClfA CBGGEG GCAG CCT GCT TGAAG CHGHGE
C+ 5. B. subtilis pyrE GATHCCECCHA CHC CAACHC CEGCEATEC CHCATG CiG CEETHC CGC CCG A CCNINET CA BTSN C CCATCT T ABGTGAGEAGCAAGC COAR GG CECACCC A AACCIBAAMCAGAT T GAGGCNS CICT GENAGAA GGG CAAA AANIBNCTBC T BATHCARC AT TART T CBACHCGAGC CAGCCTC CT TCAR G CIIGHS
ke 6.

. Bsg pyrE- 64F

¥
0

. Bsg pyrE-395R GGARCTIGEGTECT TGAAGC

410 420 430 240 450 460 470 480 490 500 510 520 530 540 550 560

570

580 590 600

re 1. B. licheniformis pyrE Cffi ST BAE GEGG GG GHT GTGARGTE CTBGG 06 TG BEG CEAT BT T A CHI ACG GECTHCCEARAG cﬁ.:':ccrr.:.ﬁuc CAGGEGTEGANTABEA BN cGETGA CRGARTABGATA CGCTGA CEGAGE BEG €6 CT T CEEGGEC G ADEE AT T BENGA: BEGG A TGEEGEE A » BT NAAGEATC GAA AGEG
o+ 2.B. pumllus pyrE ofic CIEr A2 NG CGG G GTGABGTE CTHGG 06 TG Bl CGAT BT T BA CHT A.CG GCT GCCRAAA G CEEBGC EAG CTT [N 6.1 G NN T CC BT A BGINEE CB KA CBGABTA TGAEACHCTGA CHGABGT 66 CHCTT CHCETGEN G N, TEGA

re 3. B. atrophaeus pyrE Offic T KA GGG CoG G GTCABGTG CTHGG CG TGG MENCIEAT BT THA CEr Al GECT MCCRAAA G CHEGEC NAG C CTT BGEA HAKG CANNGETECCGTA AN CRlTGA CBGARTA TGAEACGCTGA CHGANGT B Clilor'T SRR §AKKEATT |

ce 4. B. amyloliquefaciens pyrE GG CIEErEcan BGECHCC CEOBGCARGTECT GG 0 TERTENCE. T B THA CHT A.CC CECT G CCGAAA G CHRNNC KAGC CTT EEE) KA KC CGGGIETECCr AT, B col 1K 06GABTA TGAEACGCTCA NG A BCTIBC C6 CT T CIEAREIECG M EEG T T

re 5. B. subiilis pyrE CHG CIEET BCAL CIEGC ORC GlT GTCABGTE CTECCEG TG IENCHAT BT THA CGT A CC CECTBCCHAAA G CBGHGCHAGC CTT BGH: BAGC CAGHAMNTE CCNTANEA BN CENTEA CBGARTA TCARA G CTIEA CHGAGCT [§C O6 CT'T G BAHAIICG A A T [ C1. GG A T B KA A G T C BAABBATC CAA AECE
D& 6

. Bsg pyrE- 64F

¥
=

- Bsg pyrE-395R

610 630 639

t+ 1. B. licheniformis pyrE GATC Ol ANG) TGAABEGA

= 2. B. pumilus pyrE GAT C CHENEET C| TGGANGA ANEEGT CTAR
[« 3.B. alrofﬂhaeus pyrE BATCCEGAGTC THALGEAATAN

e 4. B. amyloliquefaciens pyrE BATCCEGAGTC TS ABIEA BT AR

e S. B. subtilis pyrE EATCClGAGT CEANAGET TCCMTIBA ANEA ATRE

Figure 10: Geneious global multiple alignment and primer annotation of pyrE sequences of Bacillus subtilis group species. Variation in sequence is highlighted

in grey and disagreement to consensus is highlighted in colour.
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L+ 1. B. subtilis ytcP ”lI‘TA‘l‘(‘("l‘TTG‘A(‘AGA.{‘(‘..';GI&.GC.CC‘T‘I GCAARATE
ce 2. B. pumilus yicP TTABCCTTTHACAGAECCTAAMAEEGCECCTT TEIMEAAATC
Ce 3. B. Fhenrformu ytcP rrarcerTrHAENcalccTAAEACHcCECCTTTTIGCAAAGTCTT T TCEAT AR
O+ 4. B. atrophaeus ytcP  TEATCCET TEACAGARCCTAABACHEGCECCITTTCCARAATE
[+ 5. Bsg ytcP-50F ATAAAYGGATASACRAGCAG

D 6. Bsg yicP-798R

&0

1'1'11G|fnAAA'GGMJ&GACI&GcncinchGGA1G61'lcclaccaél.\1caccccém'111'.&'1G<§1MG|1C
TTTTCEATARAGCATAGACHAGCAGHACEGGHA THG Tl CACCACAATGACEECCATTT THATCET 16G1C

TTHTCEAT ARANGGATAGACHAGCAGHACEGGNA TG TIIGCEBACCACARTGACCECCATIIT TEATCE T

120 130 140 150 160 170 180 190 200
ceecceCCCElTCCHCElCCCATTTCHCACATATCCCCITGCATHCCGCTTGATACAATGACEATIN CECcGacHaccacl
cececlicolercclllcElicccaTlrclicacaTaTccccliracaTliccae .GA.J!CAA’]GACAA’].IG.C-AGIAGC)!CI
[Eefaddefae [ el | jcccarTTcliclicaTaTecccliTGCATRCCGCTTGATACBATGACAATT GGC
GGCGECGCEMTNGCECHCCCATTTCNGACATET ClCClIT GIMGCCGCﬂGA'mCAA'llaCAMl'lGGCG.AGGAG(‘M'T

an 100 110

a1n 220 230 240 250 260 270 280 200 300 i a0 330 40 EH] 360 370 380 ERT] 400
C& 1. B. subtilis ytcP GanTHGGCCATTTTGCMEART CATTTARET ACABEATCGCHG T CATATACGTET TCCAAT ABGTEACHGCATAR AARAGTGAARTCGTHGCEATC GCHG CHABAGACABC GG CAGCACARTIIT TAAAGAREATGCClABATCATT BCAlCC o TCHAT T TT COCBG Al CliT clAGECTT CECGGEATETTTT GAARBAAG
L& 2. B. Fumllu! yteP TAAETACAGEATEGCEET CATATACGTETTCCAAT ANGTHACBGCATAAAANAGTGAAATEG TG CHATHEG CHC ClARACABAGCGECAGCACAATIII TAAAGAANATHC CHAEATCETTHCAGCCHTCHATETT CGC G AT CHIT CHAGG CTT CHCGGEATG T T TT GARABALG
o+ 3. B. licheniformis yteP BrreTACACEATCGCEMECATET ACGTET TCCAATABGTEACEGCETARARRAGHCARATCoTlC cEATCGClic clrEA G AC ABC CCEAGHAHEA TElGEA A CAREGATCCCEAMIE TCATTBCAGCCCTCEAT T TTECCEC AlT ClT cEACCCTTCECGGEA TG TTTT GAAAEAALG
[« 4. B. alrophaeus YicP  GAATCGGCCATTTTGC@GAATCATTTAAET ANAGEATCGCEGTCATATAGGTET TCCAAT AMGTHACHGCATARAAMAET GAAATCG TG CHATCGCEC GHAGHG ACABCGGCAGCACAATIT TAAACALEATCCClAGATCATTHCAGCCG TCEAT TTTC GO HG Al CliT ClAEEC 16cEEGGEA TG TTTTGAAABAAG
L« 5. Bsg ytcP-50F
P+ 6. Bsg ytcP-798R

410 420 430 440 450 46D 470 480 400 500 510 520 530 540 550 560 570 S&0 530 00
o4 1. B. subtilis ytcP TTTTTEAGAATGATCAGETT ARAGCCATTHATEGCHCT CGCHANA R THAGECECCAGTALGEATCBAGCA CEAGCGHETT TEACHACHAGGALEGTCCCHATCATECCECCGCTHAACAGCATCCTHAAMACGACEACARACATEAGHC CElc cecECCelT TARNTCEfceccecallrBecceTABGCCATHACHG A
[« 2.B. umlIus yicP TTTTTEA2AATGATCAARTTGAAEGCATTGATHGE BEllC GGlA GA R THAGHGECC AA T ARGEAT CHEAGCAGHEC CEAGCGHTT THA CHACEANA AABGTCGGEATCATHECCECCGCTHAACAGCATCGTGAAGACHACEAGARACA THA BNC I cc c6C ClliT T Ae@TCEMCECGHEGAC AGCCCETAMGCCATEAGHGA
0+ 3. B. licheniformis ytcP 17T T2 222 THATCAAGTT ARABGCATTGATGECECT CGGHAGARTHAGHCEC CAATAGGEAT CBAGCANMCCGAGCCETT THACBACBABAARGGT CGGEATCATHCC MO OGO TEAACAGCATC6TGAAMACGACHA NG A CATHAGCGEEGHEG oo I clENT B 2cf 1o N cEl A cAGCcocTallcco A THANEG &
[+ 4. B. alrophaeus yicP  TTTTEAREGATGATHAARTTAAABCCATTCATHCCHCT CGCEACAATEAGECHCCAATAACEATCHEAGCACEC CEACHCETT THACEACEANAALECT CCCEATCATHCCHCCGCTEAACAGCATCCTCAANACHA CHACAAACATEAGHC BEICEC ClC CHlT T AEN TCElcEccEcACABMCC e TANC CoATHACEG A
D 5. Bsg ytcP-50F

L+ 6. Bsg ytcP-798R

610 (31 630 640 650 660 670 680 500 700 710 720 730 740 750 760 770 780 790 800
0+ 1. B. subtilis ytcP BoaxBr@aaacaTeeTAClGclBeTECC TANEE BTG THA A ANl Al o BacHAGH A o T B TET AB A A TAT ClG 1T GANA AR ATET AGC G AT ARG C AT ClA G CGAAR ABGTGGT CEETAT TARAAT A LANTT T TT CGAlAMG Aclir CllT clA CT G TEG Can GG AlG ClG CBATHA CHTGEAT GAAC {14
& 2. B. Furmlus yicP gcalirBrracaTeeTCGACHCClCTRC ClaAlcAGTCTEACARCHABEcANAcHAMN eccTElCET Al 2 TATClic TG ABA AR ATATACCGAT AGCCIT CHAMBG Ara allcTc e cocBANTAAGAT A AANTTHTTCClC 2 Mc AcC T ClT CACT G TG CAAAACACGCHC CHATEA CMT GBATCAAC acflacac
ce 3. B. licheniformis ytcP  @caBagaaacarcercaclccBerBocraficefrereacarclalacaliacerMlraccr ElTeT ABAEA 2 16T CHE1TCANARAAT AT ACCHET ABCCATCRACCCARRANCTIEGT CEETAT TAAAAT A RARTT 711 CC ARAMEA cCTClir cOACT G TEG CARAACACGClCCHATHACETGEATCAAC AcC
[+ 4. B. alrophaeus ytcP HerEaBuracatooTcacHccEcTlccTAlC A B THAC A BN AEA AN Al EH A cCT I THT AGala 1A T ClE TTGABAMEATATACCEATAGCC AT CHAGCGARARBETCIN GGG TATRAR AR TE AR ETT T TT C G Al G A ce el clla clic TG Can b s A CHG Cla THA CETGBAT GRAC ac
De 5. Bsg ytcP-50F

L 6. Bsg ytcP-798R

ACRTGRATGAACGGMAGHAC

B1D 820 830 B4D 850 860 B70
ce 1. B. subtilis ytcP afar@asBcccanclTlacEarCAANERAT AL BTEAEA
e 2. B. Fumllus ytcP afllaT GeGarCETEACHAGA A ARGEET Aa T THA AN BCINGA A 2 Bllc 6 Bl TT T C2 BEGA ARG Blic ¢ 47 GINEEN
L+ 3. B. licheniformis ytcP  »BAGEA~BEC G AAC BENGEN: £a 2 ABGEAT A2 T THAR
[+ 4. B. alrophaeus yicP  AeaTEAANGCHAANGTEACEAAAAABCEATALTTEAABAMECHCA ACcAlGe ccElTTT CAMEGA ARG ERC ¢ AT CENEEN
e 5. Bsg yicP-50F

Figure 11: Translation alignment and primer annotation of ytcP sequences of Bacillus subtilis group species. Variation in sequence is highlighted in grey and

disagreement to consensus is highlighted in colour.
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1 lP Z.D 3P JID SP E.D TD ED lW llD 120 130 l4D 150 1ED l?D lED lBD ZDD
ce 1. Amphibacillus tropicus 165 cmuacuccmmrceaccc.sss-cm-c-ﬂ BrECGECETCA GEREGAG CGG CGGA CGGGTCAGTARCA CCTCGGMARCCTHCCTRTARGACTGEGATARCT CCGECARACCEEEEE
U+ 2. B. oleronius DSM9356 165 GCGGCGTGCCTARTACATGCARGT CGAGCG MANCHGATGGG CTTGCTCCCTGABGHETT AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATAACT CCGGGARACCGGGGT
Ce 3. B. oleronius ATCC 700005 165 EGGEGAGTTTG-ATCCTG - GCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGT CGAGCG NANCHGATGGG AG CTTGCTCCCTGANGETT AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATARCT CCGGGARACCEGEGT
U+ 4. B. sporothermodurans 165 BGGEGAGTTTG-ATCCTG  GCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCARGT CGAGCG NANCEGATEGG — AG CTTGCTCCRTGANGHETT AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATAACT CCGGGARACCGGGGT
ce 5. B. carboniphilus 165 BWGAGTTTG-ATCCTG - GCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGT CGAGCG GA-CEMTGGG - AG CTTGCTCCCHMAGG -TT AGCGGCGGACGGGTGAGTAACACGTGGHTAACCTGCCTGTARGACTGGGATARCT CCGGGARACCEGEGT
0+ 6. B. aquimaris 165 GAAGHEENEEA BCEEEGETHT GEEBCAGTTTG -AT CCTG - GCT CAGGACGAACGCTGGCGG CGTGCCTAATACATG CAAGT CGAGCG GA -MIGATGGG - AG CTTGCTCCCTGAMNN-TH AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATAACT CCGGGARACCGGGGC
Ce 7. B. pumilus 165 EEEGGAGGGGINT T NINNGEG TGN ECT - -CGCAGGACGAACGCTGGCGGCGTGCCTARTACATGCARGT CGAGCG GA-CHGANGGG — AG CTTGCTCCCGGAMG -TT AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATAACT CCGGGARACCGGEGC
0« 8. B.endorrmicus 165 GTCGAGCG -GA --GAT-G-AG CTTGCT| BT T AGCGGCGGACGGGTGAGTAA CACGTGGGAACCTG CCMMTGAGA CEGGGATAACT CCGGGARACCGGEGC
0+ 9. B. subtilis 165 EEEENECHENG ART TTGHEGT ENT MG CT CAGGA CGAA CGCTGG CGG CGTG CCTAATACATG CARGT CGAGCG @A -CHGATGGG G- CTTGCTCCCTGANG -TT AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATAACT CCGGGARACCGGGGT
ce 10. B.vallismortis 165 WGAT CCTG - GCTCAGGACGAACGCTGGCGG CGTGCCTAATACATGCARGT CGAGCG -GA -CHGATGGG AG CTTGCTCCCTGANG =TT AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATARCT CCGGGARACCEGEGT
0+ 11. B. sonorensis 165 EEGGAGTTTGEATCCTG  GCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCARGT CGAGCG HA-CHGABGGG  AG CTTGCTCCCTHAGG -TT AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATAACT CCGGGARACCGGGGT
Ce 12. B. mojavensis 165 TCCTG - - GCTCAGGACGAACGCTGGCGGCGTGCCTARTACATG CARGT CGAGCG GA-CHGATGGG - - AG CTTGCTCCCTGAMNG -TT AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATARCT CCGGGARACCEGEGT
0+ 13. B. licheniformis 165 EEGAGTTTG-ATCCTG  GCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGT CGAGCG GA-CHGATGGG  AG CTTGCTCCCTGANG -TH AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATAACT CCGGGARACCGGGGT
Ce 14. B. awrophaeus 165 EEETETBGGEGAGTITG-ATCCTG - GCT CAGGACGAACGCTGGCGGCGTGCCTARTACATGCAAGT CGAGCG GA-CHGATGGG - AG CTTGCTCCCTGANG -TT AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATARCT CCGGGARACCEGEGT
0« 15. B. iens 165 GACGAACGCTGGCGGCGTGCCTAATACATGCAAGT CGAGCG GA-CHGATGGG  AG CTTGCTCCCTGAMG-TT AGCGGCGGACGGGTGAGTAACACGTGGGTAACCTG CCTGTARGACTGGGATAACT COGGGARACCGGEGC
ZlD ZZD 23D 240 ZSD 260 ZTD ZED ZBD 3DD ]lD 120 ]30 340 350 360 170 ]ED 190 WD
te 1. Amphibacilus tropicus 165 TAATACCGGAT REET T T GEEE CG O TCANGGCCRETT KA ACCRCS CRET -ICTG.CACTTACAGATGGGCCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGC‘I'CACCAAGGCIACGA‘I'GCG‘I'AGCCGACCTGAGAGGGTGA‘I‘CGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAG‘I‘A
U« 2. B. oleronius DSM9356 165 TAATACCGGAT METET GCATGEGGG) GENETGAAAGHTGGC CTAMCACTTACAGATGGACCCGCGGCG CATTAGCTAGTTGGTGAGGTAACGG CT CACCAAGG CEACGATG CGTAG CCGACHTGAGAGGGTGAT CGG CCACACTGGGA CTGAGACACGG CCCAGACT CCTACGGGAGGCAGCAGTA
Ce 3. B. oleronius ATCC 700005 165 TAATACCGGAT RERT GCATGEGGGAGENETGAAAGHTGGC] ACTTACAGATGGACCCGCGGCG CATTAGCTAGTTGGTGAGGTAACGG CT CACCARGG CGACGATG CGTAG CCGACHTGAGAGGGTGAT CGGCCACACTGGGACTGAGACACGGCCCAGACT CCTACGGGAGGCAGCAGTA
U« 4. B. sporothermodurans 165 TAATA CCGGAT BN NERT T NN CG CA T GGBEG A BN T W~ A AGITGG CT -GG CTAMCA CTTACAGATGGACCCG CGGCG CATTAGCTAGTTGGTGAGGTRACGG CT CACCAAGG CGA CGATG CGTAG CCGACHTGAGAGGGTGAT CGG CCACAMTGGGA CTGAGACACGG CCCAGACT CCTACGGGAGGCAGCAGTA
Ce . B. carboniphilus 165 TAATACCGGATIGG-TIGG-CGCATG_G_GGAAAGGTGGCT.’I-SCTA.CACTTACAGATGGA.CCGCGGCGCA‘I‘TAGCTAGTTGGTGAGGTAACGGC‘l'CACCAAGGCGACGA‘I'GCG‘I'AGCCGACCTGAGAGGGTGA‘I‘CGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG&GTA
U+ 6. B. aquimaris 165 TAATACCGGAT EEETEATT! GNABEGETGAMAGETGG CTT NG CTAMCACTTACAGATGGACCCG CGGCG CATTAGCTAGTTGGTGAGGTAACGG CT CACCAAGG CGACGATG CGTAG CCGACCTGAGAGGGTGAT CGG CCACACTGGGA CTGAGACACGG CCCAGACT CCTACGGGAGGCAGCAGTA
Ce 7. B. pumilus 165 TAATACCGGATIGI‘I‘.’I‘TG-CGCATGG-AIGGITGAAAG-GG-‘l‘l’l'IGGCTG.CACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGGGGTAA‘GGC‘l'CACCAAGGCGACGA‘I'GCG‘I'AGCCGACCTGAGAGGGTGA‘I‘CGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAG&GTA
0« 8. .endcrhvli(us 165 TAATA CCGG AT BEENNNAT BN C G C A TG BEGAIAMGE T MG AGGTGG CTHT G CTAHCA CTHABGGATGGECCCG CGG CG CATTAGCTAGTTGGTGAGGTAACGG CT CA CCAAGG C@A CGATG CGTAG CCGACCTGAGAGGGTGAT CGG CCACACTGGGA CTGAGACACGG CCCAGACT CCTACGGGAGGCAGCAGTA
0« 9. B. subtilis 165 TAATACCGGATGGHTGHTT! G CATGGHENE) BEERTEAAAGETGG CT ~-TJHEGC CTAJCA CTTACAGATGGACCCG CGGCG CATTAGCTAGT TGGTGAGGTAAIGG CT CACCAAGG CHA CGATG CGTAG CCGACCTGAGAGGGTGAT CGGCCACACTGGGA CTGAGACA CGG CCCAGACT CCTACGGGAGG CAGCAGTA
re 10. Bvallismortis 165 TAATACCGGATGENTGIT T GEREICG CATGGHNNNA NINEAT A AAGGTGG CT -TGG CTAMCA CTTACAGATGGACCCG CGG CG CATTAGCTAGTTGGT GAGGTAAMGG CT CACCAAGG ClIA CGATG CGTAG CCGACCTGAGAGGGTGAT CGG CCACACTGGGA CTGAGACA CGGCCCAGACT CCTACGGGAGG CAGCAGTA
U« 11. B. sonorensis 165 TAATACCGGATGENTGHT T GEANICG CATGGHNNNA NENNNTHA. A AGGTGG CTHT NG CTAMCA CTTACAGATGGACCCG CGGCG CATTAGCTAGTTGGTGAGGTAACGG CT CACCAAGG C@A CGATG CGTAG CCGACCTGAGAGGGTGAT CGG CCACACTGGGA CTGAGACACGG CCCAGACT CCTACGGGAGGCAGCAGTA
Ce 12. B. mojavensis 165
re 13. B. licheniformis 165 G CAT GG BIEATEAAAGGTGG CTHT MG CTAJCA CTTACAGATGGACCCG CGGCG CATTAGCTAGT TGGTGAGGTAACGG CT CACCAAGG CHA CGATG CGTAG CCGACCTGAGAGGGTGAT CGGCCACA CTGGGA CTGAGACACGG CCCAGACT CCTACGGGAGG CAGCAGTA
Ce 14.B. almﬁ!haeus 165 ‘I'AA‘I'ACCGGATG.’I‘G.‘ITG-CGCATGG-A-TIAAAGGTGGC‘l‘ -T[BGG CTAMCACTTACAGATGGACCCG CGGCGCATTAGCTAGT TGGTGAGGTAACGG CT CACCARGG ClA CGATG CGTAG CCGACCTGAGAGGGTGAT CGGCCACACTGGGA CTGAGACACGG CCCAGACT CCTACGGGAGG CAGCAGTA
U« 15. B. amyloliquefaciens 165 TAATACCGGATGEETGETT GG B T WA A A GG TGG CT ~THGG CTABCA CTTA CAGATGGACCCG CGG CG CATTAGCTAGTTGGTGAGGTAACGG CT CA CCAAGG CHA CGATG CGTAG CCGACCTGAGAGGGTGAT CGG CCACACTGGGA CTGAGA CACGG CCCAGACT CCTACGGGAGGCAGCAGTA
re 16. Bo 165-202FcL -T-TT-CGCA‘I'G-GGGG-TG
U+ 17. Bo 165-202FbL AT T T ST G CA TG ARG GENTT G
C« 18. Bo 165-202FaL R T [T T B C G CA T CAEIG G AGEENT G
0« 19. BO1 RACGG CT CACCAAGG CGACG
4‘10 Q‘ID 41‘0 41{! 4§I€l 4§D Q?D 4§ﬂ 4!iﬂ SCID Sl‘ﬂ 52‘0 SI‘D 54‘0 SSID 56‘0 5?0 SE‘D SDID Gi?{l
[ Amphl acillus Imnlcus 155 GGGAATCTTCCGCAATGGACGARAGT CTGACGGAG CAACG CCGCGTGANBGANGAAGGTTTT CGGAT CGTARAGET CTGTTGTTAGGGA AGAACAAGT NIGHGT CGAATAGG - CIMBANG CCTTGACGGTACCTAACHBNGAAG CClICGG CTAACTACGTG CCAGCAGCCGCGGTARTECGTAGGEGG CAAGCGTTIGT CC
Ce 2. B. oleronius DSM! GGGARTCTTCCGCARTGGACGARAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTT CGGAT CGTARAMCT CTGTTGTTAGGGA AGAACRAGTEEMCGTT CGARTAGGGCGGH ACCTTGACGGTACCTARCCAGARAGCCACGGCTAACTACGTGCCAGC CAGCCGCGGTAATACGTAGGTGG CAAGCGTTGTCC
e 3. B. oleronius ATCC 700(]05 165 GGGAATCTTCCGCARTGGACGAAAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGAT CGTAR. ‘TCTGTTGTTAGGGA ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACCGTGCCAGCAGCCGCGGTAATACGTAGGTGG CAAGCGTTGTCC
L+ 4. B. sporof hermodurans 165 GGGAATCTTCCGCAATGGACGAAAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTT CGGAT CGTAMAMCT CTGTTGTTAGGGA ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGG CAAGCGTTGTCC
ce 5. B. carboniphilus 165 GGGAATCTTCCGCAATGGACGARAGT CTGACGGAGCAACGCCGCGTGAGHMGATGAAGGTIITTCGGAT CGTAAAGCT CTGTTGTTAGGGA GT GT" ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGG CAAGCGTIGTCC
Ce 6. B. aquimaris 165 GGGAATCTTCCGCAATGGACCGARAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGAT CGTAMAGBCT CTGTTGTTAGGGA AGAACAAGTGECGTT CGAATAGGGCGCGH ACCTTGACGGTACCTARCCAGARAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGG CAAGCGTTGTCC
Ce 7. B. pumilus 165 GGGARTCTTCCGCARTGGACGARAGT CTGACGGAGCAACGCCCCGTGAGTGATGAAGGTTTT CGGAT CGTARAGCT CTGTTGTTAGGGA AGAACARAGT GEGECGRGE, » INGENCC| ACCTTGACGGTACCTARCCAGARAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGCERABCGTTGTCC
C+ 8. B. e NVII(HS 165 GGGAATCTTCCGCARTGGACCARAGT CTGACGGAGCAACGCCCCGTGAGTGATGAAGGTTTT CGGAT CCTARMAGCT CTGTTGTTAGGGA AGAACAAGT NECHGT BMAAT A ACCTTGACGGTACCTAACCAGAAAGCCACGCGCTAACTACCGTGCCAGCAGCCGCGGTAATACGTAGGTCE CAAGCETTGTCC
o+ 9. B. s| s 165 GGGAATCTTCCGCAATGGACGARAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGAT CGTARAGCT CTGTTGTTAGGGA ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGG CEBAGCGTIGTCC
ce 10. Bvalllsmoms 165 GGGAATCTTCCGCAATGGACGARAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTT CGGAT CGTARAGCT CTGTTGTTAGGGA ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGG CAAGCGTIGTCC
re 11. B. sonorensis 165 GGGARTCTTCCGCARTGGACGAAAGT CTGACGGAGCAACGCCGCGTGAGTGATGRAAGGTTTT CGGAT CGTARAMCT CTGTTGTTAGGGA AGAACRAGTEEICGTT CGARMAGGGCCGGH GCCTTGACGGTACCTARCCAGARAGCCACGGCTAACTACGTGCCAG CAGCCGCGGTAATACGTAGGTGG CAAGCGTTGTCC
r+ 12. B. mojavensis 165 GGGARTCTTCCGCARTGGACGARAGT CTGACGGAGCAACGCCCCGTGAGTGATGAAGGTTTT CGGAT CGTARAGCT CTGTTGTTAGGGA AGAACRAGTHEECGTT CGARTAGGGCCGGH ACCTTGACGGTACCTARCCAGARAGCCACGGCTAACTACGTGCCAG CAGCCGCGGTAATACGTAGGTGG CAAGCGTTGTCC
ce 13. B. licheniformis 165 GGGAATCTTCCGCAATGGACGAAAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTT CGGAT CGTAMAMCT CTGTTGTTAGGGA CCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGG CAAGCGTTGTCC
Ce 14. B. atrophaeus 1i GGGAATCTTCCGCAATGGACGARAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGAT CGTARAGCT CTGTTGTTAGGGA ACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGG CAAGCGTIGTCC
Ce 15. B. amyl quuefa(iens 165 GGGAATCTTCCGCAATGGACCGARAGT CTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGAT CGTAMAGBCT CTGTTGTTAGGGANAGAACAAGTGICGTT CHAATAGGGCGGH ACCTTGACGGTACCTARCCAGARAG CCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGG CAAGCGTTGTCC
Ce 16. BO2 GGTGGCAAGCGTTGTCC
620 650 670 asa G0 ra0 10 20 30 240 250 60 70 750 00 s00
Ce 1. Amphibacillus tropicus 16 GGAATTATT GGGCGTAAAGHEG Ci GGG OT CAAC L4lL1\l mmumuuh o TGAGTECAGAAGAGGAGAGTGGAA TTCCACGTGTAGCGGTGAAATG CGTAGANMATGTGGAGGAACACCAGTEGCGAAGG CGACTCTCTGGT CTGTAACTGAC
e 2. B oleronlus DS 6 105 -HCGGCTCAACCG /GAAACTGGHEMGA CTTGAGTGCAGAAGAGGAGAGTGGAA TTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGAC
e 3. B. ol nius ATCC 700005 165 GOAATTATT < ACCG-G-GG.CATTGGAAACTGGG-UACT'IGAGTGCAGAAGAGGAGAGTGGAP« TTCCACGTGTAGC COGGTCAAAT ACACCAGTG AGGCGACTCTCTGGTCTGTAACTGAC
re 4. B Srmodurans 1 GGAA TCATTGOARA CTGGGRGA CTTGAGT G CAGAAG AGEAGAGEGOAA CACGTGTAG COGTOA Aucuno GCOGCT CTmIGOT CRGTAACIOAC
[+ 5. B. carboniphilus 1 GARGAGGAGAGEGGAA TTCCACGTG AAT RA
O+ 6. 5 11 GCAGAAGAGG. GTGGAA TTCCANGT GII\GCGG IGI\I\I\IGCG I\GGI\I\CI\CCI\G JGGCGI\I\GGCG CIGIIII\CIGI\C
e 7. 165 AGTGCAGAAGAGGAGAGTGGAA TTccACGTGTAG!:GGTGAAATGCGTAGAGATGTGGAGGAA:ACEAGTGGCGAAGGCGAcTcTCTGGTcTGTAACTGAC
o+ 8. cdophyticus 165 CTCATTGG nArTrrrn.ArTvranrrArAArnrrArAr.ﬁ CACGTGTAGCGGTGAAAT GAGATOTGGAGGAACACCAGTG STCTCTGGT CTGTAACTGAC
O 9. subtilis 165 GARAGAS
C+ 10. B.vallismortis 165 GGG CAGAAGAGGAGAGTGGA.
Ce 11 rensi: 65 CGGCTCAACCGMGUGGTCA'I"I'GGAAACTGGGE.AC'I'TGAGTGCAGAAGAGGAGAGTGGAA TTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAAC&CCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGAC
e 12, wensis 165 CGGCTCAACCGMG.GGGTCATTGGP«P«ACTGGGH.ACT'IGP«GTGCAGAAGP«GGAGAGTGGP«P« TTCCACGTGTAGC CGGTCAAATG COTAGAGATGTGGAGGAACACCAGTGGC AGGCGACTCTCTGGTCTGTAACTGAC
[ licheniformis 165 |CGGOT CA. CG GTCATTGGAAACTGGGE c'r-rc* TGCAGAAGAGGAGAGTGGAA TTCCACGTGTAGCGGTGAAATG TAGAGATGTGGA AACACCAGTGG GGCGACTCTCTGGTCTGTAACTGAC
i '.'ﬁ,’.,“.«mm 165 CEARTIATT GOGCOTAARGEGG T ETCATOTCARAG CEQ mac,m,\kk‘aﬁﬂ.ﬂm.m..GG,.M. S CCEMA Cr I CAGT G CAGARGAGOAGACTGOAR F1OCA COTGTAG COGTOARATG COTRCAGATOTGORCOAR CACCAC TGO CORAGE COA CT OF CRGOT T GT AR GIORE
O+ 16. Bo 165-684 ERRGECCECATTGGAAACT GGG NG
[+ 17. Bo L65-668R G CGGOT CAACCG BNRGEG G|
e 18. BOZ GGA
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1410 1.020 1020 1040 1.050 1,060 1070 1.080 1,000 1100 L110 1120 1130 1140 1150 1160 1170 1180 1190 1,200

r+ 1. Amphibacillus tropicus 165 ATCTCCTTTAATI‘CCAACCAACCCCAACAACCTTACCACC‘TCTTCACATéCT-I‘CAC'S-CTACACA'E'AC'S C = =TT CGGGG A-ACTCAéACCTCCTCCATCCTTCTCC'{“C&CCTCCTCf‘CCTCACAT‘CI“TCCCTTAACT:‘CCCCCAACCJIXCCCCAACCCI“TCA CTTAGTTGCCAGCATT CAGTTGGG CA

C+ 2. B. oleronius DSM9356 165 ATGTGGTTTAATTCGAAG CAACGCGARMGAACCTTACCAGGT CTTGACAT CCTCHIGACHEMCCTAGAGATAGCGHEMT ~-CCCTT CGGCGMCAGCAGTGACAGGTGGTG CATGGTTGT CGTCAGCT CGTGT CGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGANMCTTAGTTG CCAG CATT CAGTTGGG CA

r+ 3. B. oleronius ATCC 7[]0[]05 16S ATGTGGTTTAATTCGAAG CAACGCGAAGAACCTTACCAGGT CTTGACAT CCT CHIGACHEMCCTAGAGATAGGGHEMT ~-CCCTT CGCGGGMCAGBGAGTGACAGGTGGTGCATGGTTGT CGTCAGCT CGTGT CGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGANCTTAGTTGCCAGCATT CAGTTGGG CA

oo 4.B. ATGTGGTTTAATTCGAAG CARCGCGAAGRACCTTACCAGGT CTTGACAT CCT CHIG CCTAGAGATAGGG] AGTGACAGGTGGTGCATGGTTGT CGTCAGCT CGTGT CGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGANMCTTAGTTGCCAG CATT CAGTTGGG CA

Lo 5. B. carhomphllus 165 ATGTGGTTTAATTCGAAG CARCGCGAAGRACCTTACCAGGT CTTGACAT CCT C=TGA. CCTAGAGATAGG G AGTGACAGGTGGTGCATGGTTGT CGTCAGCT CGTGT CGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGANMCTTAGTTGCCAG CATT CAGTTGGG CA

0+ 6. B. a ATGTGGTTTAATTCGAAG CARCGCGAAGRACCTTACCAGGT CTTGACAT CCT C =TGA. CCTAGAGATAGGG CTTAGTTGCCAGCATTCAGTTGGG CA

Ce 7.B. pumllus o5 ATGTGGTTTAATTCGAAG CARCGCGAAGRACCTTACCAGGT CTTGACAT CCT C -TGACEBEIC CTAGAGATACCGHMMET —CCCTTCGCGGMCA —GAGTGACAGGTGGTG CATGGTTGT CGTCAG CT CGTGT CGTGAGATGTTGGGT TAAGT CCCGCAACGAG CGCAACCCTTGABCTTAGT TG CCAG CAT TAGTTGGG CA

e 8. B. endoj h\mcus 165 ATGTGGTTTAATTCGAAG CARCGCGAAGRACCTTACCAGGT CTTGACAT CCT C ~T G SIS CT 1.G A G AT 1.C HIG N -GAGTGACAGGTGGTG CATGGTTGT CGTCAG CT CGTGT CGTGAGATGTTGGGT TAAGT CCCGCAACGAG CGCAACCCTTGABCTTAGT TG CCAG CAT TMAGTTGGG CA

e 9. B. ATGTGGTTTAATTCGAAG CARCGCGAAGRACCTTACCAGGT CTTGACAT CCT C -TGA CEBBICCTAGAGATAGGHEE-GTHECCCTTCGGGGGCR ~GAGTGACAGGTGGTG CATGGTTGT CGTCAG CT CGTGT CGTGAGATGTTGGGT TAAGT CCCGCAACGAG CGCAACCCTTGABCTTAGT TG CCAG CATT CAGTTGGG CA

e 10. T

e 11, ITBCCCTTCGCGGECA—GAGTGACAGCTGGTG CATGETTGT CCGTCAGCT CCTGT CGTCGAGATCTTCGGTTARGT CCCGCAACGAGCGCAACCCTTGANMCTTAGT TGCCAG CATT CAGTTGGG CA

e 12, -GTECCCTTCGCGGECA~GAGTGACAGCGTGGTG CATGETTGT CCTCAGCT CCTGT CGTCAGATCTTCGGTTARGT CCCGCAACGAGCGCAACCCTTGANMCTTAGT TGCCAG CATT CAGTTGGG CA

Ce 13, CCTTCGGGGECA-GAGTGACAGGTGGTGCATGGTTGT CGTCAGCT CGTGT CGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGAMCTTAGTTGCCAGCATT CAGTTGGG CA

Ce 14, B a(rofohaeus CTTCGGGGECA -GAGTGACAGGTGGTGCATGGTTGT CGTCAGCT CGTGT CGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGAMCTTAGTTGCCAGCATT CAGTTGGG CA

Ce 15. B. amyl Ilauefaclens 165 ATGTGGTTTAATTCGAAG CARCGCGAAGAACCTTACCAGGT CTTGACAT CCTC-TGACHEEMCCIAGAGATAGGHEE-GTHCCCTTCGGGGECA-GAGTGACAGGTGGTGCATGGTTGTCGTCAGCT CGTGT CGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGAMCTTAGTTGCCAG CATTCAGTTGGG CA
1210 1220 1230 TZ30 1250 1280 1270 1280 1290 1300 1310 1320 1330 1310 1350 T30 1370 50 1450

Ce us tropicus 165 CICTAAGGTGACTIGCCCGTGACARACCCGAGCAAGCTGGCCATGACGT CARAT CAT CATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGCA MGG ACMACCCC.COSA.GCCCCCACCTG IAG CHAATCCCABAAANCENTT CT CAGTT CGGAT) AGGCTGCAACT CC JGCGAATCGCTA

g DSM9356 165 CTCTAAGGTGACTGCCGGTGACARAACCGGAGGAAGGTGGGGATGACGT CARAT CATCATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGGAMEIGEA CARAGGG ClIG CHAG JIAG CCAAT CCCAMARA ITTCT CAGTT CGGA'T| AGGCTGCAACT CC IGGAATCGCTA

O« 3. B. oleronius ATCC 700005 165 CTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTCGGEGATGACGT CARAT CATCATGCCCCTTATGACCTGGE CTACACACGTG CTACAATGCANGCEA CAAAGGG CIIC CHAG) c JAG CCAAT CCCAMARA ITTCT CAGTT CGGA'T| AGGCTGCAACT CC IGGAATCGCTA

O« 4. B. sporothermodurans 165 CTCTAAGGTGACTGCCGGTGACARACCGGAGCGAAGGTGGGGATGACGT CARAT CATCATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGGABGGEA CARAAGGG ClIC CGAGNCCGCGAGGTTAG CCAAT CCCAMAAANCHENT T CT CAGT T CGGAT) AGGCTGCAACT CC JGGGAT CGCTA

[« 5. B. carkmmph:lus 165 CTCTAAGGTGACTGCCGGTGACARACCGGAGGAAGGTGGGGATGACGT CARMAT CATCATGCCCCTTATGACCTGGG CTACACACGTG CTA CAATGGAMNGHEA CAAAGGG ClG CHANGC CG CGAGGMEGAG CCAAT CCCAMAAA T T CT CAGTT CGGAT AGGCTGCAACT CG| JGGAATCGCTA

Ce . ag s 165 CTCTAAGETGACIGCCCGTGACARACCCGAGCAAGCTGGCCATGACGT CARAT CAT CATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGCANGCEA CARAGGG CIC CGAGNICCGCGAGC T TIAC CCAAT CCCAMAARANCEGTT CT CAGT T CGGAT AGGCTGCAACT CC IGGAATCGCTA

g B. pumllus 155 CTCTAAGGTGACTGCCGGTGACARAACCGGAGGAAGGTGGGGATGACGT CARAT CATCATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGGAMMGHEA CARAGGG CIIG GHECCG GGTTHEAG CCAATCCCAMAAANMCEGTTCT CAGTT CGGAT AGEICTGCAACT CGEICTGCGTGAAGCEMGGAATCGCTA

g B. e hyticus 165 CTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGT CARAT CATCATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGCGABGGEA CARAGGG CIlIG CHANNC CGEGAGGTIGAG CCAATCCCAMAAANCEMTT CT CAGTT CGGAT AGGCTGCAACT CGEICTHCHTGAAGCEGGAATCGCTA

D 5 165 CTCTAAGGTGACTGCCGGTGACARACCGGAGCGAAGGTGGGGATGACGT CARAT CATCATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGGANNGNACARAGGG CNG CGANNCCGCGAGGT THAG CCAATCCCARNAAANMCEGT T CT CAGTT CGGAT) RCEICTGCAACT CGECTGCGTGAAG ClIGGAATCGCTA

Ce B.vallismortis 165 CTCTAAGGTGACTGCCGGTGACARACCGGAGGAAGGTGGGGATGACGT CARAT CATCATGCCCCTTATGACCTGGE CTACACACGTG CTACAATGGAMNGEA CAAAGGG CNG CGA] CCGCGAGGTTHMAG CCAATCCCARAAANMC TTCTCAGTTCGGAT) CTGCGTGAAGCEMGGAATCGCTA

Ce . B. sonorensis 165 CTCTAAGGTGACTGCCCGTGACARACCCGAGCAAGCTGGCCATGACGT CARAT CAT CATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGCGHING NA CARAGGG CING CGA CCGCGAGCHTEAC CCAATCCCARAAAMCEGET CT CAGTT CGGAT CIGCGTGAAGCHMGGAATCGCTA

Ce . B. mojavensis 165 CTCTAAGGTGACTGCCGGTGACARACCGGAGGAAGGTGGGGATGACGT CARAT CATCATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGGAMNGNACARAGGG CNG CHANNCCGCGAGGT THAG CCAAT CCCARAAAMCI TTCTCAGTT CGGAT) CTGCGTGAAGCEMGGAATCGCTA

g . B. licheniformis 155 CTCTAAGGTGACTGCCGGTGACARAACCGGAGGAAGGTGGGGATGACGT CARAT CATCATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGGAMMGHEACARAGGG CHG CGANGCCGCGAGGETEAG CCAAT CCCARAAANMCI TTCTCAGTTCGGAT CTGCETGAAGCEMGGAATCGCTA

D B. atrophaeus 1 CTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGT CARAT CATCATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGGAMNGNACARAGGG CNG CGAGNCCGCGAGGT THAG CCAAT CCCARAAAMC TTCTCAGTTCGGAT CTGCGTGAAGCEMGGAATCGCTA

Ce .I!.amv Ilquefaclens 165 CTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGT CAAAT CATCATGCCCCTTATGACCTGGG CTACACACGTG CTACAATGCGENCNACARAGGG CNG CGANMCCGCGAGGT THNAG CCAAT CCCARAAANC TTCTCAGTTCGGAT) CTGCGTGAAGCEMGGAATCGCTA
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Figure 12: Geneious global multiple alignment and primer annotation of 16S sequences of Bacillus subtilis group species and Amphibacillus tropicus. Variation
in sequence is highlighted in grey and disagreement to consensus is highlighted in colour. Only the available full-length sequences of B. oleronius are shown,
for detailed variation, see Figure 13. BO1 and BO2 are primers designed by Szkaradkiewicz et al., 2012, as B. oleronius-specific, all other primers are designed
in this project. The Figure shows that the published primers are not species-specific, the newly designed primers are species-specific according to all available
sequences in GenBank up to September 2014.
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oleronius DSM9356 165
oleronius ATCC 700005 165
oleronius 165 w19

oleronius 165 HRE3
oleronius 165 FHGX]12-2
oleronius 165 30N1-4

FFEFFF

@V
Lol ol ol ol

1 10 20 30 40 50 &0 b 50 2 100 110 120 130 140 150 150 170 180 190 200
GCGGCGTGCCTAATACATG CAAGT CGAG CGAAT CTGATGGGAG CTTG CT CCCTGATGATTAGCGG COGACCGGTGAGTAACACGTGGGTAACCTGCCTGTARGA CTGGGATAACT CCGGGARACCGGGGCTAATACCGGATAACTTTTTT CTT CGCATGABGGAGA
TGGAGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCARGT CGAGCGAAT CTGATGGGAGCTTGCTCCCTGATGATTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACT CCGGGAAACCGGGGCTAATACCGGATAACTTTTTTCTTCGCATGAGGGAGA
AGAGTTTGATCCTGGCTCAGGACGARCGCTGGCGGCGTGCCTAATACATGCARGT CGAGCGAAT CTGATGGGAGIMITGCT CCCTGATGATTAGCGGCGGACGGETGAGTAACACGTGEGGTAACCTGCCTGTARGACTGGGATAACT CCGGGAARCCGEGGCTAATACCGGATAACTTTTITT CTTCCGCATCGANGEAGA

AT -CATGCAAGT CGAGCGAATCTGATGGGAGCTTGCT CCCTGATGATTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACT CCGGGAARCCGGGGCTAATACCGGATAACTTITTTT CTTCGCATGANGGGGA

CTAATACATGCAAGT CGAGCGAATCTGATGGGAGCTTGCTCCCTGATGATTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACT CCGGGAAACCGGGGCTAATACCGGATAACTTTTTTCTTCGCATGANGGAGA

CT-ATACATGCA-GTCGAGCGAAT CTGATGGGAGCTTGCT CCCTGATGATTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTARGACTGGGATARCT CCGGGAARCCGGGGCTAATACCGGATAACTTTTTT CTTCGCATGANGEAGA

oleronius DSM9356 165
oleronius ATCC 700005 165
oleronius 165 w19

oleronius 165 HR63
oleronius 165 FHCX)12-2
oleronius 165 30NL-4

FEFPFFY
ERCUESESEI
mmmmmE

20 0 730 0 50 260 70 80 90 300 0 320 30 30 350 360 70 380 /0395 400
ATTGARAGATGG CTTCGGCTAT CACTTACAGATGGACCCECGE CECATTAG CTAGTTGGTGAGGTARCGE CT CACCAAGG CGACGATE CETAGCCGACTTGAGAGEGTGAT CGGCCACACTGEGACTGAGA CACGG CCCAGACT CCTACGGGAGE CAG CAGTAGGGAAT CTT CCG CARTCGACGARAGT CTGA CEGAGCA
ATTGARAGATGGCHT CGGCTAT CACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTARCGGCT CACCRAGGCGACGATGCGTAGCCGACTTGAGAGGGTGAT CGGCCACACTGGGACTGAGACACGGCCCAGACT CCTACGGGAGG CAGCAGTAGGGAATCTT CCGCARTGGACGARAGT CTGACEGAGCA
ATTCAAACATGCCT.CCCCT'AT'CACT‘TACACATGCACCCCCCGCGCATTAGCTAGT'['CCTCACGTAACCGC’['CACCAACCCCACGAT‘CCC’['AGCCCAC'['TCACACGCT'CATCCGCCACACTCCCACTCACACACGCCCCAGRCTCCTACGCGAGCCAGCACTACCCAAT‘CTTCCGCAATCGACCAAACTCTGA@GAGCA
ATTGAMAGATGGCTTCGGCTATCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACTTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGARAGT CTGACGGAGCA
ATTGAAAGATGGCTTCGGCTATCACTTACAGATGCGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCT CACCAAGGCGACGATGCGTAGCCCACTTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACT CCTACGGGAGG CAGCAGTAGGGAATCTTCCGCAATGGACCGARAGT CTGACEGAGCA
ATTGARAGATGGCTTCHGCTATCACTTACAGATGGACCCGCGGCG CANTARCTAGT TGGTGAGGTARCGGCT CACCAAGGCGACBATGCGTAGCCHACTTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACT CCTACGGGAGG CAGCAGTAGGGAATCTTCCGCARTGGACGARAGT CIGACGGANCA

oleronius DSM9356 165
oleronius ATCC 700005 165
oleronius 165 w19

oleronius 165 HRE3
oleronius 165 FHGX]12-2
oleronius 165 30N1-4

FEFPFY
LN bl p =
mEmmEmmE

a0 a0 30 40 450 50 A70 480 %0 500 510 520 530 540 550 560 570 580 500 500
ACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTARAACTCTGTTGTTAGGGAAGAACAAGTAT CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAARCTACGTGCCAGC AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAAT TATT GGGCGTAAAGCGCGCGCAGGCGGTTTC
ACGCCGCGTGAGTGATGAAGGTTTT CGGATCGTARAACT CTGTTGTTAGGGAAGARCAAGTAT CGTT CGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGC AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAAT TATT GGGCGTAAAGCGCGCGCAGGCGGTTTC
ACGCCGCGTGAGTGATGAAGGTTTT CGGAT CGTAAAACT CTGTTGTTAGGGAAGARCAAGTAT CGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTARCTACGTGCCAGC AGCCGCGGTAATACGTAGGTGGCARGCGTTGT CCGGAAT - TATT -GGGCGTARAGCGCGCGCAGGCGGTTTC
ACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTARAACTCTGTTGTTAGGGAAGAACAAGTAT CGTT CCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGC AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAAT TATT GGGCGTAAAGCGCGCGCAGGCEGGTTTC
ACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTARAACT CTGTTGTTAGGGAAGARCAAGTAT CGTT CGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGC AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAAT TATT GGGCGTAAAGCGCGCGCAGGCGGTTTC
ACGCCHECGTGAGTGATGAAGGTTTTCGGAT CGTARAACT CTGTTGTTAGGGAAGAACAAGTAT CGTT CGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCHAGCCGCGGTAATACGTARGTGGCAAGCGTTGT CCGGAATHTATTEGGG CGTAARAGCGCGCGCAGGCGGTTTC

oleronius DSM9356 165
oleronius ATCC 700005 165
oleronius 165 w19

oleronius 165 HR63
oleronius 165 FHCXJ12-2
oleronius 165 30NL-4

FEFPFFF
Y L0 Bt vl
mmmmmm

610 620 630 G40 650 660 670 &80 690 700 710 770 730 740 750 760 770 780 790 800
TTAAGTCTGATGTGAAATCTTGCGGCTCAACCGCAAGCGGCCATTGGAAACTGGEAGACTTGAGTGCAGAAGAGGAGAGTGGAATT CCACGTGTAGCGGTGARATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGT CTGTAACTGACGCTGAGGCGCGAAMAGCGTGGGGAGHMCHEAACAGGATTAG
TTAAGTCTGATGTGAAATCTTGCGGCT CAACCGCAAGCGGCCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGCAGAGTGGAATTCCACGTGTAGCGGTGARATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAMAGCGTGGGGAG CCARCAGGATTAG
TTAAGTCTGATGTGAAATCTTGCGGCT CAACCGCAAGCGGCCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGCGAGAGTGGAATTCCACGTGTAGCGGTGARATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGCGCGAMAGCGTGGGGAG CCARCAGGATTAG
TTAAGTCTGATGTGARATCTTGCGGCTCAACCGCAAGCGGCCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGARATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGCGCGAMAGCGTGGGGAG CGAACAGGATTAG
TTAAGTCTGATGTGAAATCTTGCGGCT CAACCGCAAGCGGCCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGCAGAGTGGAATTCCACGTGTAGCGGTGARATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAMAGCGTGGGGAG CCARCAGGATTAG
TTARGT CTGATGTGARAT CTTGCGGCT CAACCGCAAGCGGCCATTGGAARCTGGGAGACTTGAGTGCAGARGARIGAGAGTGGAATT CCACGTGTAGCGGTGARATGCGTAGAGATGTGCGAGGAACACCAGTEGCGAAGGCGACTCTCTGGT CTGTARCTGACG CTGAGGCGCGAARGCGTGGGGAG CGARCAGGATTAG

oleronius DSM9356 165
oleronius ATCC 700005 165
oleronius 165 w19

oleronius 165 HRE3
oleronius 165 FHGXJ12-2
oleronius 165 30N1-4

FEYFFFF
SN bt
mmmmm

B0 820 830 B40 550 860 870 580 500 500 910 920 EE 540 950 960 970 580 990 1000
ATACCCTGGTAGTCCACGCCGTAARCGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTARCGCATTAAGCACT CCGCCTGGGGAGTACGGCCGCARGGCTGRAARCT CARAAGGAATTGACGGGEGCCCGCACAAGCGGTGGANCATGTGGTTTAATT CGAAGCAACG CGAMGARCCTTACCAGGTC
ATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTARCGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAARCT CARAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGARCCTTACCAGGTC
ATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGT TAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTARCGCATTAAGCACT CCGCCTGGGGAGTACGGCCGCARGGCTGAAACT CARAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATT CGAAGCAACGCGAAGAACCTTACCAGGTC
ATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGEGGAGTACGGCCGCAAGGCTGAARCT CARAGGAATTGACGGGEGCCCGCACAAGCGGTGGAGCATCTGGTTTAAT T CGAAGCAACGCGAAGARCCTTACCAGGTC
ATACCCTGGTAGTCCACGCCGTAAACCGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACT CARAGGAATTGACGGGEGCCCEGCACAAGCGGTGCGAGCATCTGGTTTAATTCGAAGCAACGCGAAGARCCTTACCAGGTC
ATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTARCGCATTAAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAARCT CARAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGARCCTTACCAGGTC

oleronius DSM9356 165
oleronius ATCC 700005 165
oleronius 165 w19

oleronius 165 HR63
oleronius 165 FHGXJ12-2
oleronius 165 30NL-4

FPPFFYF

b =
mmmmmm

1010 1020 1030 1040 1050 1060 1070 LOB0 1090 1100 1110 L120 1130 1140 1150 L160 1170 1180 1130 1200
TTGACATCCTCTTGACCTCCCTAGAGATAGGGATTTCCCTTCGGGGACAGGAGTGACAGGTGGTGCATGGTTGTCGT CAGCTCGTGTCGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGACCTTAGTTGCCAGCATT CAGTTGGGCACTCTARGGTGACTGCCGGTGACAARCCGGAGGAAGGTGGGGAT
TTGACATCCTCTITGACCTCCCTAGAGATAGGGATTTCCCTTCGGGGACAGGAGTGACAGETGGTGCATGGTTGTCGT CAGCTCGTCGT CGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGACCTTAGTTGCCAGCATT CAGTTGGGCACT CTARGGTCACTGCCCGGTGACAARCCGCAGCGARGETGGGGAT
TTGACATCCTCTTGACCT CHCTAGAGATAGGGATTTCCCTTCGGGGACANGAGTGACAGGTGGTGCATGGTTGT CGT CAGCT CGTGT CGTGAGATGTTGGGTTARGT CCCGCAACGAGCGCARCCCTTGACCTTAGTTGCCAGCATT CAGTTGGGCACT CTARGGTGACTGCCGGTGACAARCCGGAGGARGGTGGGGAT
TTGACATCCTCTTGACCTCCCTAGAGATAGGGATTTCCCTTCGGGGACAGGAGTGACAGGTGGTGCATGGTTGTCGT CAGCTCGTGT CGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGACCTTAGTTGCCAGCATT CAGTTGGGCACT CTARGGTGACTGCCGGTGACAARCCGGAGGAAGGTGGGGAT
TTGACATCCTCTTGACCT CCCTAGAGATAGGGATTTCCCTTCGGGGACAGGAGTGACAGGTGGTGCATGGTTGT CGT CAGCT CGTGT CGTGAGATGTTGGGTTARGT CCCGCAACGAGCGCAACCCTTGACCTTAGTTGCCAGCATT CAGTTGGGCACT CTARGGTGACTGCCGGTGACAARCCGGAGGARGGTGGGGAT
TTGACATCCTCTITGACCTCCCTAGAGATAGGGATTTCCCTTCGGGGACAGGAGTGACAGETGGTGCATGGTTGTCGT CAGCTCGTCGT CGTGAGATGTTGGGTTAAGT CCCGCAACGAGCGCAACCCTTGACCTTAGTTGCCAGCATT CAGTTGGGCACT CTARGGTCACTGCCCGGTGACAARCCGCAGCGARGETGGGGAT

oleronius DSM9356 165
oleronius ATCC 700005 165
oleronius 165 w19

oleronius 165 HRE3
oleronius 165 FHGXJ12-2
oleronius 165 30N1-4

FEFFFF
I
mmmmm

1210 1220 1230 1240 1250 1280 1270 1280 1290 1300 1310 T30 1330 1330 1350 1360 1370 1380 130 1400
GACCTCAAATCATCATCCCCCT‘TATGACCTCGCCTACACACCT‘CCTACAATCGATMGTACAAAGCGCT‘CCAACACCCCCACCTTTAGCCAATCCCATAAAACCATT‘CT‘CACT‘TCCGATTGTACCCTGCAACTCCCCTACA’I‘CAACCCGCAA’[‘CGCTAGTAATCCCCCAT‘CACCA’[‘CCCGCGCTCAATACGTTCCCGCG.C
GACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCTGCAAGACCGCGAGGTTTAGCCAATCCCATAARACCATTCTCAGTT CGGATTGTAGGCTGCAACT CGCCTACATGAAGCCGGAATCGCTAGTAAT CGCGGAT CAGCATGCCGCGGTGAATACGTTCCCGGGCC
GACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCTGCAAGACCGCGAGGTTTAGCCAATCCCATAARACCATTCTCAGTT CGGATTGTAGGCTGCAACT CGCCTACATGAAGCCGGAATCGCTAGTAAT CGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCC
GACGTCARATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCTGCAAGACCGCGAGGTTTAGCCAATCCCATAARACCATTCTCAGTT CGGATTGTAGGCTGCAACT CGCCTACATCGARGCCGGAAT CGCTAGTAAT CGCGGAT CAGCATGCCGCGGTGAATACGTTCCCGGGCC
GACGTCARATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCTGCAAGACCGCGAGGTTTAGCCAATCCCATAARACCATTCTCAGTT CGGATTGTAGGCTGCAACT CGCCTACATCGARGCCGGAAT CGCTAGTAAT CGCGGAT CAGCATGCCGCGGTGAATACGTTCCCGGGCC
GACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCTGCAAGACCGCGAGGTTTAGCCAATCCCATAARACCATTCTCAGTT CGGATTGTAGGCTGCAACT CGCCTACATGAAGCCGGAATCGCTAGTAAT CGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCC

oleronius DSM9356 165
oleronius ATCC 700005 165
oleronius 165 w19

oleronius 165 HR63
oleronius 165 FHGX]12-2
oleronius 165 30NL-4

FPPFFF
LAl pal =
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Figure 13: Geneious global multiple alignment of 16S sequences of Bacillus oleronius strains based on the analysis of a total of 30 strains and isolates covering

the primer design regions. Only one representative of each 16S allele is shown plus the European (DSM 9356) and American (ATCC 70 005) full-length type

1410 1420 1430 1430 1450 1480 1470 1480 1430 1500 1510 1520 1530 1540 1552
TTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTARCCTTTTGGAGCCAGCCGIMCGAAGGTGGGACAGATGATTGGGGTGAAGT CGTAACAAGGTABCCGTAT CGGAAGGTGCGE
TTGTACACACCGCCCGTCACACCACGAGAGTTTGTARCACCCGAAGT CGGTGAGGTAACCTTTTGGAG CCAGCCGCCGAAGGTGGGACAGATGATTGGGGTGAAGT CETAACAAGGTAGCCGTAT CGGARGGTGCGGYTGGATCACCTCCTT
TTGTACACACCGCCCGTCACACCACGAGAGTTTGTARCACCCGAAGT CGGTGAGGTARCCTTTTGGAGCCAGCCGCCGRAGGTGGGACAGATGATTGGGGTGAAGT CGTAACAAGGTANCCGTA
TTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAACCTTTTGGAGCCAGCCGCCGAA
TTGTACACACCGCCCGTCACACCACGAGAGTTTGTARCACCCGAAGTCGGTGAGGTARCCTTTTGGAGCCAGCCGCCGAAG
TTGTACACACCGCCCGTCACACCACGAGAGTTTIGTARCACCCGAAGTCGGTCGAGGTAACCTTTTGGAGCCAGCCGCCGAAGGTGGCGACAGATGATTGGGGTGAAGTC

strain sequences. Variation in sequence is highlighted in grey and disagreement to consensus is highlighted in colour. The Figure shows the unusual high

intraspecies variation in 16S sequences that has to be catered for in primer design. There seems to be an evolutionary hotspot in the region between 190 and

200.
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2.9. Preparation primers
Primers were purchased from Eurofins Genomics company. sterile and purified water was

added to hidrate the lyophilezed primers in order to achaive a concentration of 100pmol/ pL

as specified in the manufactures instructions.

2.10. Testing the all designed primers using Polymerase Chain Reaction (PCR)
PCR technique developed for the first time in 1983 by Kary Mullis (Rahman et al., 2013). PCR

amplification was performed using the GoTag® Flexi Master Mix (Promega) and Eppendorf
Mastercycler PCR machine (Authorized Thermal cycler). Reactions were prepared according

to the following parameters.

Table 14. Components of the PCR reaction mixture

Components For 1 sample (ul
Buffer (GoTaq® Green 4.4
M.M)

MgClI2 2.2
Primer F 1
Primer R 1

dNTPs 0.5

DNA template 5

dH20 7.9

Taq polymerase 0.1
Total 20

51



Table 15.Thermal cycling conditions for PCR amplification

Step Temperature Time Number cycles
Initial Denaturation 95 °C 2 minutes 1cycle
denaturation 95°C 1 minute
Annealing 50-61°C* 1 minute 35 cycles
Extension 72°C 1 minute
Final extension 72°C 5 minutes 1 cycle
Store 4°C Indefinite 1cycle

*annealing temperatures varied from 50°C to 61°C depending on primer sets

2.11. DNA electrophoresis samples loading
After the PCR, all the primers were ran in a 1% agarose gel (prepared as previously described)

and aliquots of PCR product were loaded as 8 pl [5 pl of DNA sample with 3 pl of loading dye].
The first and the last well in the gel were loaded with1Kb DNA Ladder (Promega) and the PCR
products were loaded starting from the second well. The second well was loaded with (UNF
forward and UNA reverse primers), the third well with (UNC forward and UNX reverse), the
forth well with (UNB forward and UNH reverse), the fifth well with (BO1 and BO2 primers), the
sixth well with (Bo 16S-202FaL and Bo 16S-668R), the seventh well with (Bo 16S-202FaL and
Bo 16S-684R), the eighth well with (Bo 16S-202FbL and Bo 16S-668R), the ninth well with
(Bo 16S-202FbL and Bo 16S-684R), the tenth well with (Bo 16S-202FcL and Bo 16S-668R),
the eleventh well with (Bo 16S-202FcL and Bo 16S-684R), the twelfth well with (Bsg recA-1F
and Bsg recA-908R), the thirteenth well with (Bsg rpoB-1537F and Bsg rpoB-2440R), the
fourteenth well with (Bsg gyrB-328F and Bsg gyrB-1355F), the fifteenth well with (Bsg 16SF-
ITS and Bsg 23SR-ITS), the sixteenth well with (Bsg ytcP 50F and Bsg ytcP 798R) and the
last well with the Ladder respectively. Next the gel was ran at 120 V for approximately 30 min

followed by the acquisition of a photograph (Figure 15).
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PCR amplification of 16SRNA was attempted using DNA from the following strains (Bacillus
sporothermodurans, Bacillus carboniphilus, Bacillus licheniformis, Bacillus aquimaris, Bacillus
amyloliquefaciens, Bacillus pumilus, Bacillus subtilis and Amphibacillus tropicus) as negative
controls and Bacillus oleonius as positive control. In this experiment different melting
temperatures for the new primers were tested. Firstly, the melting temperature (Tm) that used
for the primer sets in this experiment was 50 °C (Table). Then the Tm for the primer sets was
varied to different melting temperatures (Table 7, 8 and 9).

Table 16. Different melting temperatures for the new primers sets used in this study

Set Primer °C Amplification
50 Unspecific
1 BO 16S-202Fal & BO 16S-684R 59 Unspecific
61 Specific
50 Unspecific
2 BO 16S-202FaL & BO 16S-668R -
59 Specific
50 Unspecific
57.5 Unspecific
3 BO 16S-202FbL & BO 165-684R —
59 Unspecific
60 Unspecific
60 Unspecific
4 BO 16S-202FcL & BO 16S-668R —
61 Unspecific
60 Unspecific
5 BO 16S-202FcL & BO 16S-684R .
61 Unspecific
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Bayesian analyses were done using MrBayes version 3.2.1 (Ronquist et al., 2012). As an
evolutionary model GTR + | + [ was chosen, which stands for General Time Reversal with a
part of the sequence taken as invariable and four categories of Gamma to estimate rate
variation in the other part of the sequence and unconstrained branch length as priors. The
Markov chain Monte Carlo (MCMC) analysis was carried out using two independent runs with
four chains each for 10,000,000 generations. Samples were taken every 5,000 generations
and split frequencies calculated, a burn-in of 1,000,000 generations was applied, resulting in

1,801 trees per independent run.

For the alignment of B. oleronius strains only sequences longer than 1,256 nucleotides
were considered; the full length of the 16S rDNA of the type strain is 1,548 bp. Structural
alignment of the ribosomal sequences were accomplished with the help of Silva (high
resolution ribosomal RNA databases) release 119 (24.07.2014) (Quast et al., 2013).
Sequence length, sequence quality and pintail value indicative of anomalies and chimera were
taken into account (Ashelford et al., 2005).
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CHAPTER THREE

3. RESULTS

In order to determine the success of DNA extraction and to assess the quality and quantity of
DNA, the total DNA concentrations obtained with the three different DNA extraction protocols
(Gentra Puregene Yeast/Bact kit Gram positive protocol; Gentra Puregene Yeast/Bact kit
Gram negative protocol; DNeasy ® Blood & Tissue) were measured spectrophotometry

(NanoDrop 1000, Thermo Scientific) as shown in Table 17.

The results of the extracted DNA using the protocol for Gram positive bacteria yielded a
low concentration of DNA in all samples (Table 17) and the extraction results with DNeasy ®
Blood & Tissue Kit produced the lowest quantity of DNA (DNeasy 1, 2, 3 and 4). The samples
extracted using the protocol for Gram negative bacteria yielded the highest concentrations
with only one sample presenting low concentration (36.72ng/uL) (Table 17) compared to the
extractions using the Gentra Puregene Yeast/Bact kit for positive bacteria and DNeasy ®
Blood & Tissue Kit. However, the 260/280 ratios of samples extracted with the Gentra
Puregene Yeast/Bact kit for positive bacteria indicated that the purity and quality of the
extracted DNA was very low. Of the samples extracted with the Gram positive protocol, twenty-
four extracts had low concentration of DNA of which 17 samples had A260/A280 ratios below
1.8 and 7 samples had A260/A280 ratios above 1.8. Similarly, for the samples extracted with
the negative protocol, of the 9 samples two had A260/A280 ratios above 1.8 and 7 samples
had A260/A280 ratios below 1.8. In contrast, the A260/A280 ratios for the DNeasy ® Blood &
Tissue Kit samples (DNeasy 1 to 4) were higher than 1.8 (Table 17).

Regarding the 260/230 ratios, that are used to assess the purity of nucleic acid, the mean
260/230 ratios obtained with the three different DNA extraction protocols (Gentra Puregene
Yeast/Bact kit Gram positive protocol; Gentra Puregene Yeast/Bact kit Gram negative
protocol; DNeasy ® Blood & Tissue) was lower than the acceptable range (2.0- 2.2) as shown
in table 17.
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Table 17. Determination of DNA quantity and quality of samples extracted using DNeasy ® Blood &

Tissue and the Gentra Puregene Yeast/Bact kit and measured with NanoDrop 1000 (Thermo Scientific).

Positive 1 to 24 represent the DNA quantity of samples extracted using the Gentra Puregene Yeast/Bact
for positive bacteria. Negative 1 to 9 represent the DNA quantity of samples extracted using the Gentra
Puregene Yeast/Bact for negative bacteria. And finally, DNeasy 1 to 4 represent the DNA quantity of
samples extracted using DNeasy ® Blood & Tissue kit. Re-purification sample refers to the highest
amount of extracted DNA using the Gram-negative protocol that was combined and extracted using the
DNeasy ® Blood & Tissue kit.

260/280
positivel Default 011072014 12243 26.38 0528 | 0.30 1.75 1.26 50.00 230
positive2 Default 011042014 12258 27.34 0547 | 0.315 1.74 1.27 50.00 230
positive3 Default 011072014 12258 20.69 0414 | 0403 1.03 -10.01 50.00 230
positived Default 0141072014 12268 40.62 0812 | 0554 1.47 054 50.00 230
positives Default 01710/2014 12,278 39.88 0798 | 0574 1.39 052 50.00 230
positiveb Default 0141072014 12288 38.99 0780 | 0.466 167 093 50.00 230
positive? Default 0171072014 12:29& 23.91 0478 | 0.303 1.58 066 50.00 230
positived Default 01/10/2014 12:30& 17.68 0354 | 0233 1.52 055 50.00 230
positived Default 01/10/2014 12308 2098 0420 | 0377 mm 052 50.00 230
positivel0 Default 011042014 1231& 41.75 0835 | 0515 1.62 082 50.00 230
positivell Default 01/10/2014 12328 12.16 0243 | 0144 1.69 1.12 50.00 230
positive12 Default 0171072014 12328 18.22 0364 | 0211 1.72 019 50.00 230
positivel3 Default 01/10/2014 12338 12.02 0240 | 0.155 1.56 062 50.00 230
positivel4 Default 0110/2014 12:348 8.48 0170 | 0.084 2.03 048 50.00 230
positivel5 Default 0171072014 12:34& 12.36 0247 | 0,144 1.72 050 50.00 230
positivelb Default 01710/2014 123538 55.26 1105 | 0.605 1.83 128 50.00 230
positivel? Default 0110/2014 12:368 60.74 1215 | 0693 1.75 134 50.00 230
positivel8 Default 011072014 12378 18.48 0370 | 0182 2.03 080 50.00 230
positivel9 Default 01/10/2014 1237 & 470 0094 | 0043 217 025 50.00 230
positive20 Default 011072014 12388 1.88 0038 | 0.025 1.51 023 50.00 230
positive21 Default 0110/2014 12:398 11.65 0233 | 0.140 1.66 094 50.00 230
Positive2?2 Default 01/10/2014 12408 5.07 0103 0.047 216 023 50.00 230
Positive23 Default 0171072014 12418 34,50 0690 | 0372 1.86 061 50.00 230
Positive24 Default 01110/2014 12418 27.89 0558 | 0.309 1.80 052 50.00 230
Negetive! | Defeult | 01/10/2014 | 12428 | 12425 | 2485 | 1807 | 1.38 068 5000 | 230
Negative? | Defeult | 01/10/2014 | 12438 | 15530 | 3106 | 3485 | 0,89 075 5000 | 230
Negafived | Defeult | 01/10/2014 | 12448 | 6476 | 1295 | 0801 | 162 069 5000 | 230

Negatived | Defeult | 017102014 | 12458 | 21277 | 4255 | 2200 | 1.93 182 5000 | 230
Negative5 | Defaut | 01/10/2014 | 12478 | 39902 | 7.980 | 4963 | 161 086 5000 | 230
Negativeb | Defeult | 01/10/2014 | 12478 | 27174 | 5435 | 2768 | 1.95 186 5000 | 230
Negative? | Defeult | 01/10/2014 | 12488 | 3672 | 0734 | 043 | 169 0.98 5000 | 230
Negative8 | Default | 01/10/2014 | 12528 | 13864 | 2.773 | 1.980 | 1.40 072 5000 | 230
Negaived | Defeult | 01/10/2014 | 12528 | 147.88 | 2956 | 2210 | 134 068 5000 | 230
DNeasy! Defeult | 01/10/2014 | 12548 | 094 | 0013 | 0005 | 383 004 5000 | 230
DNeasy2 | Defeult | 01/10/2014 | 12558 | 537 | 0107 | 0.060 | 180 043 5000 | 230
DNeasy3 | Defeult | 01/10/2014 | 1255& | 497 | 0099 | 0057 | 173 026 5000 | 230

DNeasy4 Default | 01/10/2014 12568 | 463 | 0093 | 0.045 2.07 016 50.00 230
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3.2.  Gel preparation
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Figure 14. Agarose gel electrophoresis of 12 DNA samples extracted using the Gentra Puregene
Yeast/Bact kit for negative bacteria. Lane 1, 7 and 13 1kb DNA Ladder, Lane 2, 3, 4, 5, 8, 9, 10, 11, 14,
15, 16, 17, DNA samples of different concentrations (217, 240, 282, 39, 176, 140, 102, 114, 53, 54, 47,
61 ng/uL respectively).

This figure represents the result after agarose gel electrophoresis of DNA extractions. After
separation, the DNA fragments are detectable as obviously clear bands. Most the samples
looked intact and undegraded. The first four lanes were separated on the agarose gel clearly
and no smear or degradation was detected. Because of using different concentrations of DNA,
it was noticeable that the ~ DNA fragments were different in size along the agarose gel. As
shown in this figure, the middle lanes contained most of the DNA and the bands looked more
intensive while the last lanes showed no bands only one faint band was observed in the lane
16.
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Figure 15. Agarose gel electrophoresis of B. oleronius sample extracted from the Gentra Puregene

Yeast/Bact kit for negative bacteria and re purified with DNeasy ® Blood & Tissue Kit.

Figure 15 shows a band of B. oleronius resulting from the re-purification method, where
three samples extracted with the Gentra Puregene Yeast/Bact kit for negative bacteria were
combined and re-extracted using DNeasy ® Blood & Tissue Kit. The band clearly shows that

the resulting extraction produced a very low amount of DNA.
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Table 18. Sequencing universal primers used in this study

Gene | Primer name Sequence 5'-3' ™™ GC
[°c] content
rpoB UNF GARGTNCGWGACGTBCACTA | 58.7 53.3 %
rpoB UNA TGGGHGCRAACATGCARCG 59.5 59.6 %
rpoB UNC TTCARTAYGGACGHCACC 54.4 51.8 %
rpoB UNX ARGTNCGWGACGTBCACTA 55.9 50.8 %
rpoB UNB GGGHGCRAACATGCARCGB 61.0 63.1 %
rpoB UNH GNGARATGGARGTWTGGGC 57.7 55.3 %
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3.3.  Design group specific primers

Table 19. Sequencing group specific primers used in this study

Gene | Primer Primer sequence 5'—3' Tm GC Vol.

name name °C | conte for

nt % | 100p

mol/p

L

16 BO1 5'-AACGGCTCACCAAGGCGACG-3' 63.5 | 65% 303
rRNA

16 BO2 5-TCCGGACAACGCTTGCCACC-3' | 63.5 | 65% 300
rRNA

16 BO 16S- | AACTTTTTTCTTCGCATGARGGAGAAT | 61.7 | 36.2% | 350
rRNA | 202FaL TG

16 BO 16S- | AACTTTTTTCTTCGCATGAAGAAGAAT | 59.6 | 31% 344
rRNA | 202FbL TG

16 BO 16S- | AACTTTTTTCTTCGCATGAAGGGGAAT | 62.4 | 37.9% | 333
rRNA | 202FcL TG

16 BO 16S- | 5'-GCCGCTTGCGGTTGAGCCGCAAGA- | 69.5 | 66.7% | 273
rRNA 668R 3

16 BO 16S- | 5'-CTCCCAGTTTCCAATGGCCGCTTG- | 66.1 | 58.3% | 347
rRNA 684R 3

recA Bsg 5-ATGAGTGATCGTCAGGCAGCC-3' 61.8 | 57.1% | 330
recA-1F

recA Bsg 5-GCRTTTTCACGGCCYTGDCC -3 62.1 | 61.6% | 349
recA-
908R
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rpoB

Bsg
rpoB-
1537F

5'-CGRATGTGTCCGATTGAAAC-3

56.3

47.5%

293

rpoB

Bsg
rpoB-
2440R

5'-GAATATCRCGRGTGATYTCTTC-3'

57.5

43.2%

302

gyrB

Bsg

gyrB-
328F

5'-GACGGHRGCGGHTATAAAGT-3'

57.6

50.8%

313

gyrB

Bsg

gyrB-
1355R

5-GGYRRAATVGCYTGGAAATG-3'

56.6

48.3%

231

ITS

Bsg
16SF-
ITS

5'-TCGCTAGTAATCGCGGATAGGC-3'

62.1

54.5%

268

ITS

Bsg
23SR-
ITS

5-GCATATCGGTGTTMGTCCCGTCC-3'

65.1

58.7%

253

ytcP

Bsg
ytcP 50F

5-ATAAAYGGATASACRAGAG-3'

53.2

40%

252

ytcP

Bsg
ytcP
798R

5'-GTDCTKCCGTTCATYCAYGT-3'

57.0

49.1%

374
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3.4. Polymerase Chain Reaction (PCR)

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Figure 16. PCR amplification of DNA extracted from 14 samples of B. oleronius using universal primers
and species-specific primers. Lane 1 and 17 represent 1 kb Ladder marker, lane 2 (UNF forward and
UNA reverse), lane 3 (UNC forward and UNX reverse), lane 4 (UNB forward and UNH reverse), lane 5
(BO1 and BO2 primers), lane 6 (Bo 16S-202FaL and Bo 16S-668R), lane 7 (Bo 16S-202FaL and Bo
16S-684R), lane 8 (Bo 16S-202FbL and Bo 16S-668R), lane 9 (Bo 16S-202FbL and Bo 16S-684R),
lane 10 (Bo 16S-202FcL and Bo 16S-668R), lane 11 (Bo 16S-202FcL and Bo 16S-684R), lane 12 (Bsg
recA-1F and Bsg recA-908R), lane 13 (Bsg rpoB-1537F and Bsg rpoB-2440R), lane 14 (Bsg gyrB-328F
and Bsg gyrB-1355F), lane 15 (Bsg 16SF-ITS and Bsg 23SR-ITS), lane 16 (Bsg ytcP 50F and Bsg ytcP
798R). PCR products were electrophoresed on agarose gel (0.8%).

As seen in this figure 11 out of 15 primer sets produced bands. The first four lanes denote
universal primers and these were designed to amplify rpoB gene only while the species-
specific primers were started from lane 5 to 16 to amplify various genes (Table 19). Lane 2, 3
and 4 were amplified using primer sets UNF forward and UNA reverse, UNC forward and UNX
reverse, UNB forward and UNH reverse, respectively. Lane 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, and 16 were amplified using species-specific primer sets (BO1 and BO2 primers, Bo 16S-
202FaL and Bo 16S-668R, Bo 16S-202FaL and Bo 16S-684R, Bo 16S-202FbL and Bo 16S-
668R, Bo 16S-202FbL and Bo 16S-684R, Bo 16S-202FcL and Bo 16S-668R, Bo 16S-202FcL
and Bo 16S-684R, Bsg recA-1F and Bsg recA-908R, Bsg rpoB-1537F and Bsg rpoB-2440R,
Bsg gyrB-328F and Bsg gyrB-1355F, Bsg 16SF-ITS and Bsg 23SR-ITS, Bsg ytcP 50F and
Bsg ytcP 798R) respectively. PCR amplified product yielded clear bands with different
intensities on the gel in all the lanes except lane 2, 3, 4, and 8.

No bands were detected in lanes 2, 3 and 4 and 8 corresponding to the lack of amplification
product using primers UNF forward and UNA reverse), (UNC forward and UNX reverse), (UNB
forward and UNH reverse), (Bo 16S-202FbL and Bo 16S-668R) respectively.
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It is worth mentioned that the three last lanes produce more than one band. The primer set
(Bsg gyrB-328F and Bsg gyrB-1355F) in lane 14 produce several products of size (700, 600
and 450bp) and the primer sets (Bsg 16SF-ITS and Bsg 23SR-ITS) in lane 15 produce three
bands of sizes (700, 500 and 400bp) while the primer set (Bsg ytcP 50F and Bsg ytcP 798R)
in lane 16 produce three bands of size (300, 250 and 100bp).
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3.5. Testing the designed primers for the 16SRNA using Polymerase Chain Reaction
(PCR)

Figure 17. Agarose gel electrophoresis of PCR amplification products obtained from different primer
sets. Lane 1 represent 1 kb Ladder marker, lane 2 (B. amyloliquefaciens), lane 3 (B. pumilus), lane 4
(B. subtilis), lane 5 (B. licheniformis), lane 6 (B. oleronius) using primer set (Bo 16S-202FaL and Bo
16S-668R), lane 7 (B. amyloliquefaciens), lane 8 (B. pumilus), lane 9 (B. subtilis), lane 10 (B.
licheniformis), lane 11 (B. oleronius) using primer set (Bo 16S-202FaL and Bo 16S-684R), lane 12 (B.
amyloliquefaciens), lane 13 (B. pumilus), lane 14 (B. subtilis), lane 15 (B. licheniformis), lane 16 (B.
oleronius) using primer set (Bo 16S-202FbL and Bo 16S-684R).

It can be cleary seen that all the primers sets in this figure amplified non- specific DNA
fragments. Bright bands of fragment size 467bp for primer set (Bo 16S-202FalL and Bo 16S-
668R) and 467bp for primer set (Bo 16S-202FbL and Bo 16S-684R) have been detected for
B. oleronius. The PCR amplification has been performed using low annealing temperature of
(Ta) 50°C.

64



Figure 18. Agarose gel electrophoresis of PCR amplification products obtained different primer sets.
Lane 1 represent 1 kb Ladder marker, lane 2 (B. amyloliquefaciens), lane 3 (B. pumilus), lane 4 (B.
subtilis), lane 5 (B. licheniformis), lane 6 (B. oleronius) using primer set (Bo 16S-202FcL and Bo 16S-
668R), lane 7 (B. amyloliquefaciens), lane 8 (B. pumilus), lane 9 (B. subtilis), lane 10 (B. licheniformis),
lane 11 (B. oleronius) using primer set (Bo 16S-202FcL and Bo 16S-684R), lane 12 (B.
amyloliquefaciens), lane 13 (B. pumilus), lane 14 (B. subtilis), lane 15 (B. licheniformis), lane 16 (B.
oleronius) using primer set (Bo 16S-202FalL and Bo 16S-668R).

This fighure show that all primers sets amplified non- specific DNA fragments. Bright bands

of 500 bp were detected for B. oleronius. The PCR amplification was performed using low
annealing temperature of 50°C.

65



Figure 19. Agarose gel electrophoresis of PCR amplification products obtained from different primer

sets. Lane 1 represent 1 kb Ladder marker, lane 2 (B. oleronius), lane 3 (B. amyloliquefaciens), lane 4
(B. pumilus), lane 5 (B. subtilis), lane 6 (B. licheniformis), lane 7 (B. sporothermodurans), lane 8 (B.
aquimaris), lane 9 (B. carboniphalius), lane 10 (Amphibacillus. tropicus) using primer set (Bo 16S-
202Fal and Bo 16S-668R), lane 11 (B. oleronius), lane 12 (B. amyloliquefaciens), lane 13 (B. pumilus),
lane 14 (B. subtilis), lane 15 (B. licheniformis), lane 16 (B. sporothermodurans), lane 17 (B. aquimaris),
lane 18 (B. carboniphalius) and lane 19 (Amphibacillus. tropicus) using primer set (Bo 16S-202FaL and
Bo 16S-668R).

This figure represents the effect of increasing the annealing temperature from 50°C to 59°C
on PCR specificity. The first primer set (Bo 16S-202FalL and Bo 16S-668R) in the first lanes
(2,3,4,5,6, 7,8, 9 and 10 respectively) produced a bright band of 467bp for B. oleronius only
(lane 2) while the second primer set (Bo 16S-202FalL and Bo 16S-668R) amplified a 483bp

fragment of both of B. oleronius and Amphibacillus. tropicus.
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Figure 20. Agarose gel electrophoresis of PCR amplification products using primer set (Bo 16S-
202FbL and Bo 16S-684R). Lane 1 represent 1 kb Ladder marker, lane 2 (B. oleronius), lane 3 (B.
amyloliquefaciens), lane 4 (B. pumilus), lane 5 (B. subitilis), lane 6 (B. licheniformis), lane 7
(B.sporothermodurans), lane 8 (B. aquimaris), lane 9 (B. carboniphalius) and lane 10

(Amphibacillus. tropicus).

In figure 20 it can be seen that the primer set (Bo 16S-202FbL and Bo 16S-684R) were
bound nonspecifically since there was amplification for B. oleronius and of some of the
negative controls B. amyloliquefaciens, B. pumilus, B. subtilis, B. licheniformis and B.
sporothermodurans. The PCR amplification in this experiment was performed using an

annealing temperature of 57.5°C.
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Figure 21. Agarose gel electrophoresis of PCR amplification products obtained different primer sets.

Lane 1 and 11 represent 1 kb Ladder marker, lane 2 (B. oleronius), lane 3 (B. amyloliquefaciens), lane
4 (B. pumilus), lane 5 (B. subtilis), lane 6 (B. licheniformis), lane 7 (B.sporothermodurans), lane 8 (B.
aquimaris), lane 9 (B. carboniphalius), lane 10 (Amphibacillus. tropicus) using primer set (Bo 16S-
202FcL and Bo 16S-668R), lane 12 (B. oleronius), lane 13 (B. amyloliquefaciens), lane 14 (B. pumilus),
lane 15 (B. subtilis), lane 16 (B. licheniformis), lane 17 (B.sporothermodurans), lane 18 (B. aquimaris),
lane 19 (B. carboniphalius) and lane 20 (Amphibacillus. tropicus) using primer set (Bo 16S-202FcL and
Bo 16S-684R).

It can be cleary seen that all the primers sets (Bo 16S-202FcL and Bo 16S-668R) and (Bo
16S-202FcL and Bo 16S-684R) in this figure amplified non-specific DNA fragments as well as
to B. oleronius showing various bands on agarose gel. The PCR amplification in this

experiment was performed using an annealing temperature of 60°C.
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Figure 22. Agarose gel electrophoresis of PCR amplification products obtained different primer sets.

Lane 1 and 11 represent 1 kb Ladder marker, lane 2 (B. oleronius), lane 3 (B. amyloliquefaciens), lane
4 (B. pumilus), lane 5 (B. subtilis), lane 6 (B. licheniformis), lane 7 (B.sporothermodurans), lane 8 (B.
aquimaris), lane 9 (B. carboniphalius), lane 10 (Amphibacillus. tropicus) using primer set (Bo 16S-
202Fal and Bo 16S-684R), lane 12 (B. oleronius), lane 13 (B. amyloliquefaciens), lane 14 (B. pumilus),
lane 15 (B. subtilis), lane 16 (B. licheniformis), lane 17 (B.sporothermodurans), lane 18 (B. aquimaris),
lane 19 (B. carboniphalius) and lane 20 (Amphibacillus. tropicus) using primer set (Bo 16S-202FcL and
Bo 16S-668R).

This figure shows that increasing the annealing temperature from 59°C to 61°C for primer
set (Bo 16S-202FalL and Bo 16S-684R) in the first lanes (2, 3, 4, 5, 6, 7, 8, 9, 10) specifically
amplified a 483bp fragments of B. oleronius. The second primer set (Bo 16S-202FcL and Bo
16S-668R) from lane 12 to 20 showed that these primers did not amplified anything and that
changing the temperature to 61°C did not result in any amplification (specific or non-specific).
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Figure 23. Agarose gel electrophoresis of PCR amplification products obtained different primer sets.

Lane 1 represent 1 kb Ladder marker, lane 2 (B. oleronius), lane 3 (B. amyloliquefaciens), lane 4 (B.
pumilus), lane 5 (B. subtilis), lane 6 (B. licheniformis), lane 7 (B.sporothermodurans), lane 8 (B.
aquimaris), lane 9 (B. carboniphalius), lane 10 (Amphibacillus. tropicus) using primer set (Bo 16S-
202FcL and Bo 16S-684R), lane 11 ladder marker, lane 12 (B. oleronius), lane 13 (B.
amyloliquefaciens), lane 14 (B. pumilus), lane 15 (B. subtilis), lane 16 (B. licheniformis), lane 17 (B.
sporothermodurans), lane 18 (B. aquimaris), lane 19 (B. carboniphalius) and lane 20 (Amphibacillus.
tropicus) using primer set (Bo 16S-202FcL and Bo 16S-668R).

The result in this figure is similar to the one in Figure 22. Although, for the first primer set
(Bo 16S-202FcL and Bo 16S-684R) only one band seems to be visible, there was in fact
unspecific amplification for both B. sporothermodurans and Amphibacillus. tropicus. There are
two very faint bands of 500bp. The second primer set (Bo 16S-202FcL and Bo 16S-668R)
clearly amplified nonspecifically since there was amplification for B. oleronius and to some of
the bacterial species (B. amyloliquefaciens), (B. pumilus), (B. subtilis), (B. licheniformis), (B.
sporothermodurans), (B. aquimaris), (B. carboniphalius) and (Amphibacillus. tropicus). The

PCR amplification in this experiment was performed using an annealing temperature of 61°C.
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Figure 24. Agarose gel electrophoresis of PCR amplification products using primer set (Bo 16S-
202FbL and Bo 16S-684R). Lane 1 represent 1 kb Ladder marker, lane 2 (B. oleronius), lane 3 (B.
amyloliquefaciens), lane 4 (B. pumilus), lane 5 (B. subitilis), lane 6 (B. licheniformis), lane 7
(B.sporothermodurans), lane 8 (B. aquimaris), lane 9 (B. carboniphalius) and lane 10

(Amphibacillus. tropicus).

It can be unmistakably seen that for the primer set (Bo 16S-202FbL and Bo 16S-684R)
changing the temperature from 57.5°C to 61°C improved its specificity. However,
extremely faint signals were also detected for B. subtilis and B.sporothermodurans, and

therefore this primer set cannot be considered specific.
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Figure 25. Agarose gel electrophoresis of PCR amplification products using primer set (BO1 and BO2)
published by Szkaradkiewicz et al., 2012. Lane 1 represent 1 kb Ladder marker, lane 2 (B. oleronius),
lane 3 (B. amyloliquefaciens), lane 4 (B. pumilus), lane 5 (B. subtilis), lane 6 (B. licheniformis), lane 7
(B.sporothermodurans), lane 8 (B. aquimaris), lane 9 (B. carboniphalius) and lane 10 (Amphibacillus.

tropicus).

This figure shows the bands that resulted from the PCR amplification using primer set (BO1
and BO2) published by Szkaradkiewicz et al., 2012 who claimed that these were species-
specific for B. oleronius. However, the result in this figure shows the opposite where it can be
seen that these primers amplified non-specifically fragments of varying sizes of all bacillus

species.

72



3.6.  Phylogenetic analysis
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Figure 27: Phylogenetic tree of 16S rDNA of Bacillus oleronius strains and species of the Bacillus subtilis group. Geneious alignment and Bayesian analysis
with Listeria monocytogenes as outgroup. Posterior probability is given at nodes. Scale bare denotes substitutions per nucleotide. An average standard deviation
of split frequencies of 0.020625 was reached. Mean likelihood score for the tree is — InL = 7,589.752 (for run 1: — InL = 7,589.564 + 0.357; run 2: — InL =
7,589.939 + 0.395).

The tree shows that all but one strain of B. oleronius form a single clade with maximum support. ATCC and DSM are type strains of B.
oleronius. The genetically closest species to B. oleronius is B. sporothermodurans. Two Amphibacillus species arise from within the B. oleronius
clade. B. oleronius strain EK-3 shows a great difference to other B. oleronius strains. Strain W44 clusters with maximum support with B.

sonorensis.
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Figure 28: Phylogenetic tree of 16S rDNA of Bacillus oleronius strains and Bacillus species. Geneious alignment and Bayesian analysis with Paenibacillus
abekawaensis as outgroup. Posterior probability is given at nodes. Scale bare denotes substitutions per nucleotide. An average standard deviation of split
frequencies of 0.010495 was reached. Mean likelihood score for the tree is — InL = 9,225.912 (for run 1: — InL = 9,226.751 + 0.404; run 2: — InL = 9,225.074
0.421).

The tree shows that the strains of B. oleronius are monophyletic. ATCC and DSM are type strains of B. oleronius. The genetically closest
species to B. oleronius is still B. sporothermodurans. Amphibacillus species are not part of the B. oleronius clade. The genus Bacillus is
paraphyletic, meaning that Bacillus species have more than one common ancestor. The support for some species like B. endophyticus and
B. carboniphilus considered to be part of B. subtilis group is missing. Equally, the support that B. oleronius and B. sporothermodurans are part
of a B. subtilis clade is missing.
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Figure 29: Phylogenetic tree of 16S rDNA of selected Bacillus oleronius strains and Bacillus species. Alignment based on ribosomal secondary structure and
Bayesian analysis with Amphibacillus fermentum as outgroup. Posterior probability is given at nodes. Scale bare denotes substitutions per nucleotide. An
average standard deviation of split frequencies of 0.006467 was reached; a value below 0.05 indicates a good analysis, a value below 0.01 indicates an
excellent analysis. Mean likelihood score for the tree is — InL = 5,775.038 (for run 1: — InL = 5,775.188 £ 0.18; run 2: — InL = 5,774.889 £ 0.169).

The tree shows that the strains of B. oleronius are monophyletic. The B. oleronius clade is next to all other Bacillus species. A genetically
closest species to B. oleronius cannot be unambiguously assigned. B. endophyticus, B. sporothermodurans and B. aquimaris considered to be
part of B. subtilis group is less probable. Equally, the support that B. oleronius is part of a B. subtilis clade is less probable. Amphibacillus
fermentum is an excellent outgroup for this analysis. 16S sequences of Bacillus species do not contain sufficient informative sites to resolve
Bacillus phylogenies.
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Table 20: Sequences with quality indicators used for structural alignment.

AF418603 Amphibacillus fermentum 1454 —
ABT735985 Bacillus amyloliquefaciens 1573 —
AF176321 Bacillus anthracis 1544 —
JQ799058 Bacillus aquimaris 1508 —
DQ993677 Bacillus atrophaeus 1536 —
KC494304 Bacillus carboniphilus 1511 —
AY224379 Bacillus cereus 1554 -
GQ903415 Bacillus endophyticus 1516 -
AJ717384 Bacillus firmus 1537 —
AY052767 Bacillus licheniformis 1547 —
AY189750 Bacillus mojavensis 1530 —
AY988598 Bacillus oleronius 1548 —
EU430985 Bacillus oleronius 1466 —
EU430987 Bacillus oleronius 1476 —
FJ973531 Bacillus oleronius 1518 —
JF700436 Bacillus oleronius 1429 —
JN366T17 Bacillus oleronius 1461 —
JN366721 Bacillus oleronius 1459 —
JN366730 Bacillus oleronius 1447 —
JN366793 Bacillus oleronius 1461 —
JX045720 Bacillus oleronius 1256 —
XB2492 Bacillus oleronius 1500 —
AB048252 Bacillus pumilus 1548 —
AJ439078 Bacillus simplex 1522 —
DQ993679 Bacillus sonorensis 1549 —
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1. Amphibacillus_fermentum GCGUGCCURRUACAUG m@ucemccls-aslm_s-- BCGGH -HEREG NUNGHGGEREEAC CGG GG ACGGGUGAGUAA CACGUGGCIAL CCUNCCUBUARGA CUGGG AUAA CU CGHIGGAAR CGBIGEG CUAAUA CCGGAUA NN
2. B_sporothermodurans BGGAGAGUUUGAUCCUGE CU CAGGACGAACG CUGG CGGCGUG CCUAAUACAUG - CAAGUCGAGCG A NG UBGGAGCUUGCU CCHUG UAGCGG CGG ACGEGUGAGUAA CACGUGGGUAA CCUGCCUGUARGA CUGGG AUAA CU CCGGGAARCCGEGE CUAAUACCGGAVA NI
3. Bt hilus AGAGUUUGAUCCUGG CU CAGGRCGARCG CUGGCGGCGUGCCUAAUACAUG CAAGUCGAGCGGA - N UGGGAGCUUGCUCCCH- EEGGUUAGCGGCGG ACGGGUGAGUARCACGUGGEUAA CCUGCCUGUARGA CUGGG AURA CU CCGGGAAACCGGGE CURAUACCGGAUAGEE
4. B _aquimaris &-nUCEUGG CUCAGGACGAACG CUGGCGGCGUGCCURAUACAUG  CARGUCGAGCGEA -JllGR UGGGAGCUUGCUCCCU - GEERU BMG GG CGG ACGGGL GUAACACGUGGGUAACCUGCCUGUARGA CUGGGAUAR CU CCGGGAAACCGGGE CURAUACCGGAUA NI
5. B_oleronius_JN366793 BHAUACAUG CA-GUCGAGCONANRGE UGGEAGEUUGCU CECUR BBGEUUAGCGG CGG ACGEGUGAGUAA CACGUGGGUAR CCUG CCUGUARGA CUGGG RUAL CU CCGEGARACCEGEE CUARUA CCCGRAUA N
6. B_oleronius_JX045720 ACCUGCCUGUAAGACUGGG AUAACU CCGGGAARCCGEGE CUBAUACCCCAUANEY
7. B_oleronius_JF700436 EUCAUG CAAGUCGAGCGHEAUEMIGA UGGGAGCUUGCUCCCUR EBEEUUAG CGG CGG ACGGGUGAGUAA CACGUGGGUAR CCUGCCUGUARGA CUGGG AUAA CU CCGGGAARCCGGGE CURAUA CCGGAUA NI
8. B_oleronius_EU430985 UAABACAUGG CAAGU CGAG CG A IEHIGA UGGGAGCUUGCU CCCUG EHCEUUAGCGG CGG ACGEGUGAGUAA CACGUGGGUAA CCUGCCUGUARGA CUGGG AUAA CU CCGGGAARCCGEGE CUAAUACCGGAUA NI
9. BE_oleronius_|N36672 1 BEAURCAUG  CA-GUCGAG O A BIlIGA UGGGAGCUUGCU CCCUG EBGEUUAGCGGCGG ACGGGUGAGUAACACGUGGGUARCCUGCCUGUARGA CUGGG AUAACU CCGGGAARCCGGGE CUAAUACCGGAUA NI
10. B_oleronius_JN366717 BHAUACAUG CA-GUCEAGCCHABRGE UGGEAGEUVGCU CECUR BBGEUUAGCGG CGG ACGEGUGAGUAA CACGUGGGUAR CCUG CCUGUARGA CUGGG RUAL CU CCGEGARACCEGEE CUARUA CCCGRAUA RN
11. B oleronius_AY988598 BCCAGAGUUUGAU CCUGE CU CAGGACGARCE CUGG CCGCCUG CCUAAUACAUG - CARGUCGAG CCEANENICA UGGGAGCUUGCU CCCUG EBGEUUAGCGG CGG ACGGGUGAGUAACACGUGGGUAR CCUGCCUGUARGA CUGGGRUAR CUCCGGGARRCCGAGE CURRUACCGGAUA N
12. B oleronius_JN366730 B GEACUCCAGCCEANBNGCE UGGGAGCUUGCUCCCUG EBGEUUAGCGG CGG ACGGGUGAGUAACA CGUGGGUAR CCUG CCUGUARGA CUGGGRUAR CUCCGGGAARCCGAGE CUARUACCGGAUA N
13. B_oleronius GCGGCGUGCCURAUACAUG - CAAGU CGAGCGHEA -G HUGGGAGCUUGCUCCCUG [EBCEUUAG CGG CGG ACGGGUGAGUAA CACGUGGGUAA CCUGCCUGUARGA CUGGG AUAA CU CCGGGAARCCGGGE CUBAUACCGGAUA N
14. B_oleronius_FJ973531 CERBGHCACGUCEGUBUAURAUG CAAGUCGAGCCEAUBUGA UGGGAGCUUGCUCCCUG EHCEUUAGCGG CGG ACGEGUGAGUAA CACGUGGGUAA CCUGCCUGUARGA CUGGG AUAA CU CCGGGAARCCGEGE CUAAUACCGGAUA NI
15. B_ _oleronius_EU430987 UGECUA -UACAUG CARGUCGAGCGEANINGR UGGGAGCUUGCUCCCUG EEGEUUAGCGGCGG ACGGGL GUAACACGUGGGUAACCUGCCUGUARGA CUGGG AUAR CU CCGGGAAACCGGGE CURAUACCGGAUA NIV
16. B_endophyficus AGAGUUUGAUCCUGE CU CACHACORRCGE CUGGCEGCGUG CCURAUACAUG - CARGU CGAGCEEA ~CHE CUUGCU| EBRBUUAG CCG CG6 ACGEGUGAGUAA CACGUGGCIBAL CCUG COMIUGAGA OBGEE AUAA CU CCGEGARACCECHNC CUAAUACCEGAU A NN
17. B_atrophaeus CCUGE CU CAGGACGAACG CUGGCGECGUG CCURAUACAUG - CARGUCCAGCCGA - [BRICA UGGGAGCUUGCUCCCU- GEWGUUAG CGG CGG ACGGGUGAGUAACA CGUGGGUAR CCUGCCUGUARGA CUGGGRUAR CUCCGGGARRCCGAGE CUARUACCGGRUGHEI
18. B_subiili UUUAUBGGAGAGUUUGAU CCUGG CU CAGGACGAACG CUGGCGGCGUG CCURAUACAUG - CAAGU CGAGCGGA ~[ENGA UGGGAGCUUGCUCCCU- GEHGUUAG CGG CGG ACGGGUGAGUAA CACGUGGGUAA CCUGCCUGUARGA CUGGG AUA CU CCGGGAARCCGGGE CUBAUACCGGAUGGEY
19. B_sonorensis ENGGEGHUUGHEAU CCUGG CU CAGGACGARCG CUGG CGGCGUG CCUAAUACAUG - CAAGUCGAGCGHEA-BIGA BGGGAGCUUGCUCCCU - WBGGUUAG CGG CGG ACGEGUGAGUAA CACGUGGGUAA CCUGCCUGUARGA CUGGG AUAACU CCGGGAARCCGEGE CUAAUACCGGAUG I
20. B_firmus CCUGEG CU CAGGACGARCG CUGGCGECGUG CCURRUACAUG - CARGUCGAGCGEA -BBGA UGGGAGCUUGCUCCCU- GEEGU BAG CGG CGG ACGEGUGAGUAA CACEL ACCUGCCUGUARGA CUGGG AUAACU CCGGGRARCCGGEG CUAAUACCGGAUA NI
21, I!_simplex BC-UGGCUCAGGACGARCG CUGGCGGCGUGCCUAAUACAUG CARGU CGAGCGHEN -IlIGR UGGGAGCUUGCUCCCU - GEGEUUAGCGGCGG ACGGGL GUAACACGL ACCUGCCUBUARGACUGGGAUARA CUBCGGGAARCCGGEG CULAUACCGGAUAEGY
22. B_mojavensis BGAGUUUGAUCCUGE CU CAGHEACGARCG CUGG CGGCGUG CCURBUACAUG - CARGU CGAG CCGA ~[EBIGA UGGEAGEUVECU CECU - GEEGUUAG CGG CGG ACGEGUGAGURA CACGUGGGUAR CCUG CCUGUARGA CUGGG RURL CU CCGEGARACCEGEE CUARUA CCCGAUGI
23. B_amyloliquefaciens CGAGUUUGAUCCUGE CU CAGGACGAACG CUGGCCGCGUG CCUBAUACAUG - CAAGU CGAGCCGA ~[ENGA UGGGAGCUUGCUCCCU - GEWGUUAGCGG CGG ACGGGUGAGUAACA CGUGGGUAR CCUG CCUGUARGA CUGGGRUAR CUCCGGGARARCCGAGE CURAUACCGGRUGGHE
24. B_pumilus BGGAGAGUUUGAU CCUGG CU CAGGACGARCG CUGG CGGCGUG CCUAAUACAUG - CAAGUCGAG CGGA~ENIGA BGGGAGCUUGCUCCCE= GEBGUUAG CGG CGG ACGGGUGAGUAA CACGUGGGUAA CCUGCCUGUARGA CUGGG AUA CU CCGGGAARCCGGHNG CUBAUACCGGAUAGHY
25. B_cereus UUAUBGGAGAGUUUGAU CCUGG CU CAGGABGAR CG CUGG CGGCGUGCCUAAUACAUG - CAAGUCGAGCGEA-IBGA BUBBGAG CUUG CU CHURE GEAGUUAG CGG CGG ACGEGUGAGUAA CACGUGGGUAA CCUG CCBMUARGA CUGGGAUAACU CCGGGAARCCGGGGE CUAAUACCGGAUA NN
26. I!_Iicheniformis EBGAGUUUGAUCCUGE CU CAGGROGARCG CUGGCGGCGUGCCUAAUACAUG CAAGUCGAGCGEA -[EIGR UGGGAGCUUGCUCCCU = GEEGU MG CGG CGG ACGGGL GUAACACGUGGGUAACCUGCCUGUARGA CUGGG AUAR CU CCGGGAAACCGGGE CURAUACCGGAUGE
27. B anthraci: GUUUGAUCCUGE CU CACCABEAACE CUGECEGCEUG CCUBAUACAUG  CAAGU CEAGCCEA -BIBGA BUEBGAG CUUE CU CHUEE GEBGUUAG CCE CG6 ACGEGUGAGUAA CACGUGGGUAR CCUG COMMUARGA CUGGE AUAA CU CCGEGARACCEEEE CUAAUACCEGAU A NN
28. B_vallismortis UUGAUCCUGE CU CAGGACGARCG CUGG CCGCCUG CCUAAURCAUG - CARGUCGAG CCGA-[BNGA UGGGAGCUUGCUCCCU- GEWGUUAG OGG CGG ACGGGUGAGUAACA CGUGGGUAR CCUGCCUGUARGA CUGGG RUAR CU CCGGGARRCCGEGE CUARUA CCGGAUGEI
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UUCHE GCUAMCACUUACE GAUGGACCCGCGGCCCAUUAGCUAGUUGGUGAGGUAACGGCUCACCAAGG CEACGAUGCGUAGCCCACHUGAGAGGGUGAUCGGCCACACUGGGACUGAGACACGE CCCAGACU CCUACGEGAGE CAG CAGUAGGGAAU CUUCCG
UUC -BICCURMCACUUACE GAUGGACCCGCGCCCCARUARCUAGUUGCUGAGCUARCGC CUCACCAAGGCEACERUG CCUAGCCEACHUGAGAGEGUGAU CGGCCACACUGCGACUCACGACACGE CCCAGACU CCUACGEGAGC CAG CAGUAGGGRAU CUUCCG
GCUABCACUUACA GAUGGACCCGCGGCGCAUUANCUAGUUGGUGAGGUARCGG CUCACCARGG CEACGAUG CGUAG CCBACHUGAGAGGGUGAU CGGCCACACUGGGACUGATACACGG CCCAGACU CCUACGGGAGG CAGCAGUAGG ==AUCUUCCG
GCUABICACUUACA GAUGGACCCGCGGCGCAUUAGCUAGUUGGUGAGGUARCGE CUCACCARGGCBACGAUG CGUAGCCCACHUGAGAGGGUGAU CEGCCACACUGGGACUGAGACACGE CCCAGACU CCUACGEGAGE CAGCAGUAGGGARU CUUCCG
GCUABICACUUACA GAUGGACCCGCGGCGCAUUAGCUAGUUGGUGAGGUARCGE CUCACCARGGCBACGAUG CGUAGCCCACHUGAGAGGGUGAU CEGCCACACUGGGACUGAGACACGE CCCAGACU CCUACGGGAGE CAGCAGUAGGGARU CUUCCG
GCURBCACUUACA GRUGGACCCGCGGCGCAUUABCUAGUUGGUGAGGUARCGG CUCACCARGG CEBACGAUGCGUAG CCEACHUGAGAGGGUGAU CGGCCACACUGGGACUGATACACGG CCCAGRCU CCUACGGGAGE CAG CAGUAGGGARU CUUCCG
GCUAMCACUUACA GRUGGACCCGCGGCGCAUUAGCUAGUUGGUGAGGUARCGE CUCACCARGG CBACGAUGCGUAGCCGACHUGAGAGGGUGAU CGGCCACACUGGGACUGAGACACGE CCCAGACU CCUACGGGAGE CAG CAGUAGGGARU CULCCG
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GCUABICACUUACA GAUGGACCCGCGGCGCAUUAGCUAGUUGGUGAGGUARCGE CUCACCARGGCBACGAUG CGUAGCCCACHUGAGAGGGUGAU CEGCCACACUGGGACUGAGACACGE CCCAGACU CCUACGEGAGE CAGCAGUAGGGARU CUUCCG
GCURBCACUUACA GRUGGACCCGCGGOGCAUUAGCUAGUUGGUGAGGUARCGG CUCACCARGG CEBACGAUGCGUAG COGACHUGAGAGGGUGAU CGGCCACACUGGGACUGAGACACGG CCCAGRCU CCUACGGGAGE CAG CAGUAGGGARU CUUCCG
GCUABCACUUACA GRUGGACCCGCGGCGCAUUAGCUAGUUGGUGAGGUARCGE CUCACCARGG CBACGAUGCGUAGCCGACHUGAGAGGGUGAU CGGCCACACUGGGACUGAGACACGE CCCAGACU CCUACGGGAGE CAG CAGUAGGGARU CULCCG
GCURECACUBABG GRUGGECCCGCGGCGCAUUAGCUAGUUGGUGAGGUARCGGCUCACCAAGG CBACGAUGCGUAG CCGACRUGAGAGGGUGAU CGGCCACACUGGGACUGAGACACGE CCCAGACU CCUACGGGAGE CAG CAGUAGGGARU CUUCCG
GCURECACUUACA GRUGGACCCGCGGCCCAUUAGCUAGUUGGUGAGGUARCGGCUCACCARGG CEACGAUG CGUAGCCGACUGAGAGCGUGAU CGGCCACACUGCGGACUGAGACACGE CCCAGACU CCUACGGGAGE CAG CAGUAGGCGARU CUUCCG

GHUUGERECG CAUGCHEEANABRUEAARGEUGGE UUC G GCUABCACUUACA GAUGGACCCGCGGCGCAUUAGCUAGUUGGUGAGGUAACGGCU CACCAAGG CEACGAUGCGUAGCCOGACUGAGAGGGUGAU CGGCCACACUGGGACUGAGACACGE CCCAGACU CCUACGGGAGG CAG CAGUAGGGARU CUL CCG
GEUUGERECG CAUGCHEE"BUUE B~ AGEUCGCHUUE -G CUABCACUUACA GAUGGACCCGCGGCGCAUUAGCUAGUUGGUGAGGUAACGGCU CACCAAGG CBACGAUGCGUAGCCGA CBUGAGAGCGGUGAU CGGCCACACUGEGACUGAGACACGE CCCAGACU CCUACGGGAGE CAG CAGUAGGGARY CUU CCG
U S Cl cr U GEGGEANAGEUGARAGEUGGHE UUC G GCUAMCACUUACA GAUGGECCCGCGGCGCAUUAGCUAGUUGGUGAGGUARCGGCU CACCARGG CACGAUGCGUAGCCOGACHUGAGAGGGUGAU CGG CCACACUGGGACUGAGACACGE CCCAGRCU CCUACGGGAGE CAG CAGUAGGGARU CUUCCG
R UNEEE CC CAUCEGEGABCENCGAALGEECCE UUE @ GCUGHCACUUANA GAUGGECCCGCGGCGCAUUAGCUAGUUGGUGAGGUARNIGE CUCACCARGG CBACGAUGCGUAGCCGACRUGAGAGGGUGAU COGCCACACUGGGACUGACGACACGE CCCAGACU CCUACGGGAGE CAG CAGUAGGGARU CULCCG
CGHUUGHERECC CAUGCHERANA BNV EAARGEUCGEC UUC G GCUACACUUACA GAUGGACCCGCGGCCCAUUAGCUAGUUGGUGAGGUARCGGCU CACCARCG CEACCAUG COUAGCCGACBUGAGAGCGUGAU CCGCCACACUGCGGACUGACACACGE CCCEBGACU CCUACGEGAGE CAG CAGUAGGCARU CUUCCG
GHUUGERRCG CAUGGHEEAGAERUEAARGEUGGE UUC G GCUABCACUUACA GAUGGACCCGCGGCGCAUUAGCUAGUUGGUGAGGUAACGGCU CACCAAGG CEACGAUGCGUAGCCOGA CUGAGAGGGUGAU CGGCCACACUGGGACUGAGACA CGE CCCAGACU CCUACGGGAGG CAG CAGUAGGGAAU CUL CCG
BBUUGERRCG CAUGCHEE.ECGRUGALAGEECGE UUC G GCUGHCACUUACA GAUGGACCCGCGCCGCAUUAGCUAGUUGGUGAGGUAACGGCU CACCAAGGCBACGAUGCGUAGCCGACBUGAGAGCGGUGAU CGGCCACACUGEGACUGAGACACGE CCCAGACU CCUACGGGAGE CAG CAGUAGGGARY CUU CCG
BUUUGERRCG CAUGCHUECH NI GALAGEECGC UUC G GCUGHCACUUANG GAUGGACCCGCGHCGCAUUAGCUAGUUGGUGAGGUAACGGCU CACCAAGG CEACGAUGCGUAGCCGA CBUGAGAGGGUGAU CGGCCACACUGEGACUGAGACACGE CCCAGACU CCUACGGGAGE CAG CAGUAGGGARU CUU CCG
GEUUGHEER G cAUGGHER BN B ncEUCGCHUUE -EGCURBCACUUACA GAUGGACCCGCGGCGCAUUAGCUAGUUGGUGAGGURRCGG CU CACCARGG CBACGAUGCGUAGCOGACHUGAGAGGGUGAU CGG CCACACUGGGACUGAGACACGE CCCAGRCU CCUACGGGAGE CAG CAGUAGGGARU CUUCCG
Bl UGEERCC CAUGCHEECEA B GAALGEECGC UUC G GCUGHCACUUANG GAUGGACCCGCGECGCAUUAGCUAGUUGGUGAGGUARCGECU CACCARGG CBACGAUGCGUAGCCGACAUGAGAGCGUGAU COGCCACACUGGGACUGACGACACGE CCCAGACU CCUACGGGAGE CAG CAGUAGGGARU CULCCG
CGHUUGHSECC CAUGCHERANA BNV EAARGEUCGC UUC G GCUABCACUUACA GAUGGACCCGCGGCGCAUUAGCUAGUUGGUGAGGUARBIGG CUCACCARCG CEACCGAUGCGUAGCOGACBUGAGAGCGUGAU CCGCCACACUGCGGACUGACGACACGE CCCAGACU CCUACGEGAGC CAG CAGUAGGCGARU CUUCCG
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Amphibacillus_fermentum
B_sporothermodurans

. B_oleronius _JX045720
. B_oleronius_JF700436
. B_oleronius_EU430985

D

12.E oleramusJN!EE?!ﬂ
13. B_oleronius

14. B_oleronius_FJ973531
15. B_oleronius_EU430987
16. E_endophyticus

17. B_atrophaeus

18. B_subtilis

19. B_sonorensis

20. B_firmus

21. B_simplex

22. B mojavensls

23. B_amyloliquefaciens
24. B_pumilus

25. B_cereus

26. B_licheniformis

27. B_anthracis

28. B_vallismortis

410 420 430 440 450 460

CAAUGGACGAAAGUCUGACGGAGCAACG COGCGUGANMCANGAAGGUUUU CGGAU CGUAARGHEI CUGUUGUUAGGGARGAACARGUA
CAAUGGACGAAAGUCUGACGGAG CAACG CCG CGUGAGUGAU GARGGUUUU CGGAU CGUAARNICU CUGUUGUUAGGGAAGAA CAAGUA]
CAAUGGACGAAAGUCUGACGGAG CAACG COG CGUGAGIGAU GAAGGURUU CGGAU CGUAARGICU CUGUUGUUAGGGAAGAA CAAGUA)
ICUCUGUUGUUAGGGAAGAACAAGUA)
CUCUGUUGUUAGGGAAGAACAAGUA]
ICU CUGUUGGUAGGGARGAACRAGUA)
ICUCUGUUGUUAGGGAAGAACAAGUA)
CUCUGUUGUUAGGGAAGAACAAGUA)
ICU CUGUUGGUAGGGARGAACRAGUA)
ICUCUGUUGUUAGGGAAGAACAAGUA)
CUCUGUUGUUAGGGARAGAACAAGUA)
CUCUGUUGUUAGGGARGAACAAGUA]
ICUCUGUUGUUAGGGAAGAACAAGUA)
CUCUGUUGUUAGGGAAGAACAAGUA)
CUCUGUUGUUAGGGARGAA CAAGUA]
)CUCUGUUGUUAGGGAAGAACAAGUA]

CAAUGGACGAAAGUCUGACGGAG CAACG CCGOGUGAGUGAUGAAGGUUUU CGGAUCGUAAR)
CAAUGGACGAAAGUCUGACGGANCAA CG CCECGUGAGUGAU GARGGUUUU CGGAU CGUAAR]
CAAUGGACGAAAGUCUGACGGANCAA CG COG CGUGAGUGAUGARGGUUUU CGGAU CGURAR]
CAAUGGACGAAAGUCUGACGGAG CAACG CCGOGUGAGUGAUGAAGGUUUU CGGAUCGUAAR)
CAAUGGACGAAAGUCUGACGGAG CAACG COG CGUGAGUGAUGAAGGUUUU CGGAU CGUAAR]
CAAUGGACGAAAGUCUGACGGANCAA CG COG CGUGAGUGAUGAAGGUUUU CGGAU CGURAR|
CAAUGGACGAAAGUCUGACGGAG CAACG CCGOGUGAGUGAUGAAGGUUUU CGGAUCGUAAR)
CAAUGGACGAAAGUCUGACGGAG CAACG COG CGUGAGUGAU GAAGGUUUU CGGAU CGUAAR]
CAAUGGACGAAAGUCUGACGGAG CAACG COG CGUGAGUGAUGAAGGUUUU CGGAU CGUARR]
CAAUGGACGAAAGUCUGACGGAG CAACG CCGOGUGAGUGAUGAAGGUUUU CGGAUCGUAAR)
CAAUGGACGAAAGUCUGACGGAG CAACG COG CGUGAGUGAU GAAGGUUUU CGGAU CGUAAR]
CRAUGGACGRAAGUCUGACGGAG CAACG COG OGUGAGUGAUGAAGGUUUU CGGAU CGUARR]
CAAUGGACGAAAGUCUGACGGAG CAACG COGOGUGAGUGAUGAAGGUUUU CGGAUCGUAAAL

470 480

490 500 510 520 530 540 550 560 570 580 590
CCUUGACGGUACCUARCEBAGGAAG CClCGG CURACUACGUGCCAGCA GC

ICGUUCGARM A GGGCGGUA
[CGUUCGARE A GGGCOGGUA
CGUUCGARE A  GGGCCGUA
CGUU-.GA.& G-GGCGGUA
GGGCGGUA
GGGCGGUA
GGECGGUA

3

=1

<

E
PERPRREEERP R

600
CGCGGUAAUACGUAGGGGG CARAG CGUUGUCCGGARUU A
OGCGGUARUACGUAGGUGGCARG CGUUGUCCGGARUU A
OGCGGUARUACGUAGGUGGCARG CGUUGU CCGGARUU A
CGCGCEUAAUACGUAGCGUGGCARG CGUUGUCCGGARUU A
OGCGGUARUACGUABGUGGCARG CGUUGU CCGGARUUMA
OGCGGUARUACGUARIGUGG CARG CGUUGU CCGGARUU
CGCGEUAAUACGUAGCGUGGCARG CGUUGU CCGGARUU
OGCGGUARUACGUAGGUGG CARG CGUUGU CCGGARUU
OGCGGUARUACGUARIGUGG CARG CGUUGU CCGGARUU
CGCGEUAAUACGUAGCGUGGCARG CGUUGU CCGGARUU
OGCGGUARUACGUAGGUGG CAAG CGUUGU CCGGARUU
OGCGGUARUACGUAGGUGG CAAG CGUUGU CCGGARUU
CGCGEUAAUACGUAGCGUGGCARG CGUUGU CCGGARUU
OGCGGUARUACGUAGGUGG CARG CGUUGU CCGGARUU
OG CGGUARUACGUAGGUGG CAAG CGUUGU CCGGARUU
CGCGEUAAUACGUAGCUGGCARG CGUUGU CCGGARUU

CCUUGACGGUACCUAACCAGARAGCCACGG CURACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUARACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCANGC
CCUUGACGGUACCUAACCAGARAGCCACGG CUARACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUARACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCA GC
CCUUGACGGUACCUARCCAGARAGCCACGG CURACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CURACUACGUGCCAGCA GC
CCUUGACGGUACCUARCCAGARAGCCACGG CURACUACGUGCCAGCR GC
CCUUGACGGUACCUAACCAGAMAGCCACGG CUAACUACGUGCCAGCA GC

CAAUGGACGAAAGU CUGACGGAG CAACG COG CGUGAGUGAU GAAGGUUUU CGGAU CGUAARGCU CUGUUGUUAGGGAAGAA CAAGUG]
CRAUGGACGRAAGUCUGACGGAG CAACG COG CGUGAGUGAU GAAGGUUUU CGGAU CGUARRGICU CUGUUGUUAGGGAAGAA CAAGUA]
CAAUGGACGAAAGUCUGACGGAG CAACG CCG CGUGAGUGAU GARGGUUUU CGGAU CGUAAREICU CUGUUGUUAGGGAAGAA CAAGUA]
CAAUGGACGAAAGUCUGACGGAG CAACG COG CGUGAGUGAU GAARGGUUUU CGGAU CGUAAABICU CUGUUGU BAGGGAAGAA CAAGUA)
CAAUGGACGAAAGUCUGACGGAG CAACG COGCGUGANECANGAAGGEEUU CGGGU CGUAARGHE CUGUUGUUAGGGARGAACARGUA
CAAUGGACGAARGUCUGACGGAG CAACG COG CGUGAGUGAU GAAGGUUUU CGGAU CGUARAGICU CUGUUGUUAGGGAAGAACRAGUA)
CAAUGGACGAAAGUCUGACGGAG CAACG COG CGUGAGUGAU GAAGGUUUU CGGAU CGUAARGCU CUGUUGUUAGGGAAGAA CAAGUG]

CAAUGGACGAARGUCUGACGGAG CAACG CCGCGUGAGUGAUGAAGGUUUU CGGAUCGUAARGCU CUGUUGUUAGGGAAGAACAAGU
CAAUGGACGAARGUCUGACGGAG CARCG COG CGUGAGUGAU GAAGGHEUUU CGGEU CGUARAEICU CUGUUGUUAGGGAAGAACRAGUGHEEEGU

CCUUGACGGUACCUAACCAGARAGCCACGG CUARACUACGUGCCAGCA GC
CCUUGAOCGGUACCUARCCAGARAGCCACGG CURACUACGUGCCAGCR GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCA GC
CCUUGACGGUACCUBACCAGARAG CCACGE CURACUACGUGCCAGCR GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCA GCCGCGGUAAUACGUAGGUGG CAANICGUUGU CCGGARUU
CCUUGACGGUACCUAACCAGARAGCCACGG CUARACUACGUGCCAGCA GC
CCUUGACGGUACCUAACCAGARAGCCACGG CUAACUACGUGCCAGCA GC

-BG. CCUUGACGGUACCUAACCAGARAGCCACGG CURACUACGUGCCAGCA GC
CAAUGGACGAAAGUCUGACGGAG CAACG COG CGUGAGUGAU GARGGUUUU CGGAU CGUAARBICU CUGUUGUUAGGGAAGAACAAGUANICGUUCGAAN A GGGCGGUANCCUUGACGGUACCUARCCAGARAGCCACGG CUAACUACGUGCCAGCR GC
CAAUGGACGAAAGUCUGACGGAG CAACG COGCGUGAGUGAU GAAGGEUUU CGGEU CGUAARNICU CUGUUGUUAGGGAAGAA CARGUGEEEGU ~HG.

AN E-GENCGE CCUUGACGGUACCUARCCAGARAGCCACGGCUAACUACGUGCCAGCA GC
CAAUGGACGAARGUCUGACGGAG CAACG COG CGUGAGUGAU GAAGGUUUU CGGAU CGUARRGICU CUGUUGUUAGGGAAGRACRAGUGECGUUCEARE A GGGCGGEA CCUUGACGGUACCUARCCAGARAGCCACGG CUAACUACGUGCCAGCA GC

OGCGGUARUACGUAGGUGG CARG CGUUGU CCGGARUU
OGCGGUARUACGUAGGUGG CARG CGUUGU CCGGARUU
OGCGGUARUACGUAGGUGG CARG CGUUGU CCGGARUU
OGCGGUARUACGUAGGUGG CARG CGUUGU CCGGARUU
CGCGCEUARUACGUAGGUGGCARG CGUUGU CCGGARUU

OGCGGUARUACGUAGGUGG CARG CGUUGU CCGGARUU
CGCGCEUAAUACGUAGGUGGCARG CGUUGU CCGGARUU
OGCGGUARUACGUAGGUGG CARG CGUUR CCGGARUU
OGCGGUARUACGUAGGUGG CARG CGUUGU CCGGARUU
CGCGGUAAUACGUAGGUGG CAAG CGUUMU CCGGAAUU
OGCGGUARUACGUAGGUGGCARG CGUUGU CCGGARUU
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. Amphibacillus_fermentum
B_sporothermodurans
B_carboniphilus
B_aquimaris
B_oleronius_JN366793
B

B.

B.

B.

_oleronius_X045720
_oleronius_JF700436
_oleronius_EU430985
_oleronius_JN366721
10. B_oleronius_JN366717
11. B_oleronius_AY988598
12. B_oleronius_JN366730
13. B_oleronius

14. B_oleronius_FJ973531
15. B_oleronius_EU430987
16. B_endophyticus

17. B_atrophaeus

18. B_subtilis

19. B_sonorensis

20. B_firmus
21.B_simplex
22. B_mojavensis

i,
o
i
4
5.
6.
&
8.
9.

UU GG GOGURARAGCGCECGCAGE CGEUUUMUUARGU CUGAUGUGARANCEIGECG CU CAR CCRINNINC G|
UU- GG - GOGUARAG CG CGCGCAGG CGGUUU CUUAAGU CUGAUGUGARAG CIBlCGG CU CAACCGIGGEGGG

uu- GG

UU- GG GCGUARAGCGCGCGCAGGIIGGULUCUUAAGU CUGAUGUGARAG CIBBCGG CU CAACCCIGGEGGE
UU- GGBGOGUARAG CG CGCGCAGG CGGUUU CUUAAGU CUGAUGUGAAANICHBIG CGG CU CAA CCG [BANG

uu- GG
uu GG
uu GG
uu- GG
uu GG
uu GG
uu- GG
uu GG

UU GG GCGUAAAGCGCGCGCAGGCGEUUUCUUAAGU CUGAUGUGARANCEEIG CGG CU CAR CCG [BREG) AUUGGAMACU CUUGAGUG CAGAAG. JGGARUU
UU GG GOGUARAGCGCGCGCAGGCGGUUU CUUAAGU CUGAUGUGARANCEEIG CGG CU CAA CCG [BEEG) RUUGGARACU CUUGAGUG CAGAAG. IGGARUU
UU GG GCGUARAGCGCGCGCAGGCGGUUECUUAAGU CUGAUGUGARAG CIlBB CGG CUCAACC AUUGGALACUGGGGHACUUGAGUGCAGAAGAGGAGAGEGGARUU

uu GG
uu- GG
uu GG

10 520 530 540 50 60

GCGUAARGCGCGCGCAGGCGGUUU CUUAAGU CUGAUGUGAAAG CIlllll CGG CUCRACC

570 80 590

RUUGGARACU

CUUGAGUG CAGAAG.

700 710 720 730

GCGUARAG CG CG CG CAGG CGGUUU CUUAAGU CUGAUGUGARAN CHIIG CGG CU CAR CCG BBEG

GCGUARAAGCGCGCGCAGG CGGUUU CUUAAGU CUGAUGUGARRNCINIG CGG CU CAACCG BREG|

AUUGGARACU A

GCGUARAGCG CG CG CAGG CGGUUU CUUAAGU CUGAUGUGARAN CHIlIG CGG CU CAA CCG BNNG

GCGUARAG CG CG CG CAGG CGGUUU CUUAAGU CUGAUGUGARAN CHIG CGG CU CAR CCG BBEG

GCGUARAAGCGCGCGCAGG CGGUUU CUUAAGU CUGAUGUGARRNCINIG CGG CU CAACCG BREG|

GCGUARAGCG CG CG CAGG CGGUUU CUUAAGU CUGAUGUGARAN CHIlIG CGG CU CAA CCG BNNG

GCGUARAG CG CG CG CAGG CGGUUU CUUAAGU CUGAUGUGARANCHIIG CGG CU CAR CCG NG

GCGUARAAGCGCGCGCAGG CGGUUU CUUAAGU CUGAUGUGARRNCIIG CGG CU CAACCG BRNG|

CUUGAGUG CAGARGAGGAGAGUGGARUU
AUUGGARACUGGGEGACUUGAGUG CAGAAGAGGAGAGUGGARUU
AUUGGARACUGGGEGA CUUGAGUG CAGARAGAGGAGAGUGGRAUU
AUUGGARACUGGHENGACUUGAGUG CAGRAGACGAGAGUGGARAUU

%
*
%
*
CECAUUGGAAACUGGGH
%
*
%
*

GCGUAAAGGEG CHICGCAGG CGGUUUCUUAAGU CUGAUGUGAAAG CHMll CGG CU CAACC

AUUGGALACUGGGGH

GOGUARAGEG CHICGCAGG CGGUUU CUURAGU CUGAUGUGAARAG CHMllCGG CU CAACC
GCGUAARG CGCGCGCAGGCGGUUU CUUAAGU CUGAUGUGAMAS CHlll CGG CUCAACC

RUUGGARACUGGGG]

GCGUAAAGCGCGCGCAGG CGGUUECUUAAGU CUGAUGUGAARG CHMll CGG CU CAACC

RUUGGARACUGGGE]
AUUGGALACUGGGGH

GOGUARAGCGCGCGCAGGHIGGUU BICUUAAGU CUGAUGUGARAG CIBBE CGG CU CAACC

ARUUGGARACUGGGG]

GCGUAARGEG CHICG CAGGCGGUUECUUAAGU CUGAUGUGAMAG CHlll CGG CUCAACC

RUUGGARACUGGGE]

AL CUUGAGUG CAGAAGAGGAGAGUGGARUU
A CUUGAGUG CAGAAGAGGAGAGUGGARUU
A CUUGAGUG CAGAAGAGGAGAGUGGAAUU
A CUUGAGUG CAGAAGAG
ACUUGAGUGCAGRAGAGGANAGUGGARUU
A CUUGAGUG CAGAAGAGGAGAGUGGAAUU

7a0 750 760 770 780 790 500

A UGGMAC UGG.GIACUUGAGG.CBGBAGAGGAGAGUGGMUU CCB]IS UGUAG OGGUGA.P.AUG CGUAGAIQUGUGGBGGBACACCBGUGGCGMGGCGACUCU CUGGUCUGUARACUGACGCUGAG
[CAUUGGARACUGGGEGACUUGAGUG CAGAAGACEAGAGEGCAAUUBICCACG UGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGGCU CUBUGGU CUGUARCUGACG CUGAG
BGCARUU  CCACGUGUAGCGGUGARAUGCGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGECUCU CUGGU CUGUARCUGACGCUGAG
ICRUUGGARACUGGGGHACUUGAGUG CAGAAGAGGANAGUGCGAAUU  CCANG UGUAG CGGUGARAUG CGUAGABAUMIGGAGGARCACCAGUGGCGARGG CGACUMU CUGGU CUGUARCUGACECUGAG
AUUGGARACUGGGEGACUUGAGUG CAGAAGATIGAGAGUGGARUU - CCACGUGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGACUCU CUGGU CUGUARACUGACGCUGAG
BUUGGARACUGGGHEGACUUGAGUGCAGA ~-GAGGAGAGUGGAARUBMICCACG UGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGARGG CGACU CUCUGGU CUGUARCUGACG CUGAG
CUUGAGUGCAGARGAGGAGAGUGGAAUU CCACGUGUAGCGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGGCGACU CUCUGGU CUGUARCUGACG CUGAG
AUUGGAMAC UGGG.EACUUGAGUGCAGAAGAGGAGAGUGGAAUU CCACGUGUAGCGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGACUCU CUGGU CUGUARACUGACGCUGAG
AUUGGARACUGGGEGA CUUGAGUG CAGARAGAGGAGAGUGGAREUMICCACG UGUAG CGGUGARAUG CGUAGAGAUGUGGAGGARACACCAGUGGCGARGG CGACU CUCUGGU CUGUAACUGACG CUGAG
CCACGUGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGARGG CGACU CUCUGGU CUGUARCUGACGCUGAG
CCACGUGUAGCGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGACUCU CUGGU CUGUARACUGACGCUGAG
CCACGUGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGACU CUCUGGU CUGUARCUGACGCUGAG
CCACGUGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGARGG CGACUCU CUGGU CUGUARCUGACGCUGAG
CCACGUGUAGCGGUGARAUG CGUAR-GAUGUGGAGGAACACCAGUGGCGAAGG CGACUCU CUGGU CUGUARCUGACGCUGAG
CCACGUGUAGCGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGACU CUCUGGU CUGUARCUGACGCUGAG
CCACGUGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGGCUCU CUGGU CUGUARCUGACGCUGAG
CCACGUGUAGCGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGACUCU CUGGU CUGUARACUGACGCUGAG
CCACGUGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGACU CUCUGGU CUGUARCUGACGCUGAG
CCACGUGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGGE CGACU CUCUGGU CUGUAACUGACGCUGAG
CCACGUGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGG CGACU CUBUGGU CUGUARCUGACGCUGAG
CCARGUGUAG CGGUGARAUG CGUAGAGAUMIGCAGGAACACCAGUGGCGAAGG CGACUMU CUGGU CUGUARCUGACECUGAG
CCACGUGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGAAGGE CGACU CUCUGGU CUGUAACUGACGCUGAG

23. B_amyloliquefaciens UU GG GCGUAAAGGGCHICGCAGGCGGUUUCUUAAGU CUGAUGUGARAG Il CGG CUCAACC AUUGGAMACUGGGGHACUUGAGUG CAGAAGAGGAGAGUGGAAUU CCACGUGUAGCGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGALGG CGACU CUCUGGU CUGUARCUGACG CUGAG
24. B_pumilus UUBGG GCGUAAAGGG CHICGCAGG CGGUUUCUUAAGU CUGAUGUGARAG Il CGG CUCAACC AUUGGARACUGGGEEACUUGAGUG CAGAAGAGGAGAGUGGAAUU  CCACGUGUAG CGGUGARAUG CGUAGAGAUGUGGAGGAACACCAGUGGCGARGG CGACU CUCUGGU CUGUARCUGACG CUGAG
25. B_cereus UU GG GCGUARAGCGCGCGCAGGEGGUUUCUUAAGU CUGAUGUGARAG CElBB CGG CUCAACC RUUGGARACU CUUGAGUGCAGAAGAGGAEAGUGGAAUU  CCAMIGUGUAG CGGUGARMAUG CGUAGAGAUBMUGGAGGAACACCAGUGGCGAAGG CGACUMU CUGGU CUGUARCUGACECUGAG
26. B_licheniformis UU GG GCGUAAAGCGCGCGCAGGCGGUUUCUUAAGU CUGAUGUGARAG Il CCG CUCAACC AUUGGAMACU CUUGAGUGCAGAAG, JGGAAUU  CCACGUGUAG CGGUGAAAUG (EUAGAGAUGUGGAGGAA CACCAGUGGCGAAGG CGACU CU CUGGU CUGUAACUGACGCUGAG
27. B_anthracis UU GG GOGUARAGCGCGCGCAGGEGGUUUCUUAAGU CUGAUGUGARAG Il CGG CUCAACC AUUGGARACU CUUGAGUGCAGAAGAGGANAGUGGAAUU CCABGUGUAG CGGUGARAUG CGUAGAGAUMUGGAGGAACACCAGUGGCGAAGGCGACUIU CUGGU CUGUAACUGACECUGAG
28. B_vallismortis UU GG GCGUARAGEG CHCG CAGGCGGUUUCUUAAGU CUGAUGUGARAE CEMllCCG CUCARCC RUUGGARACU CUUGAGUGCAGAAG, IGGARUU  CCACGUGUAGOGGUGARAUG CGUAGAGAUGUGCAGGAACACCAGUGGCGAAGGCGACU CUCUGGU CUGUAACUGACE CUGAG

810 820 830 840 850 860 870 880 890 900 910 920 930 940 950 960 970 980 950 1,000
1. Amphibacillus_fermentum GOGCGARRGCGUGGGGAGC GRACAGGAUUAGAUACCCUGGUAGUCCACGCCGUARACGAUGAGUGC UAGGUGUUAGEGGGUUUCCGCCAUUAGUGCUG CAGIUAACGCAUURAGCACU CCGCCUGGEG AGUACGGHMIG CAAGECUGAAACU CARAGGARUUGACGGGEGCCCG CACAAG CGGUGGAG CAUGUGGUU
2. B_sporothermodurans GCGCGARAGCCUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUARACGAUGAGUGC UAAGUGUUAGHEGGG UUUCCGCCCHUUAGUGCUGCAGCURACG CAUUAAGCACUCCG CCUGGGG  AGUACGGEICG CAAGECUGARACU CARAGGARUUGACGGGGE CCCG CACAAG CGGUGGAG CAUGUGGUY
3.8 carhoniphilus GCGCGARRGCGUGGGGAGC EAACAGGAUUAGAUACCCUGGUAGUCCACGCCCUARACGAUGAGUGC UAAGUGUUAGEGGGUUUCCGCCCHUVAGUGCUGCAGCEAACGCAUUAAGCACU CCGCCUGGEG AGUACCGECG CAAGECUGARACY CARAGGARUUGACGGGEGCCCG CACAAG CGEUGGAG CAUGUGGUY
4. B_aquimaris GOGCGARRGCGUGGGGAGC ERACAGGAUUAGAUACCCUGGUAGU CCACGCCGUARACGAUGAGUGC URAGUGUUAGGGGGUUUCCGCCHUUAGUGCUG CAGCURACGCAUURAGCACUCCGCCUGGEG AGUACGGHCG CAAGECUGAARCU CARAGGARUUGACGGGGGCCCG CACAAG CGGUGGAG CAUGUGGUD
5. B_oleronius_JN366793 GCGCGARAGCGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUARACGAUGAGUGC UAAGUGUUAGEGGGUUUCCGCCCHUUAGUGCUGCAGCUAACGCAUUARGCACUCCGCCUGGEE AGUACGGECG CAAGECUGAARCU CAMAGGARUUGACGGGGECCCG CACAAG CGGUGGAG CAUGUGGUL
6. B_oleronius_JX045720 GOGCGAA=GOCUGGCGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUARACGAUGAGUGC UAAGUGUUAGNGGGUUUCCGCCCHU -AGUGCUG CAGCUARCGCAUUAAGCACUCCGCCUGGGE AGUACGGECG CARGECUGAARCU CAAAGGARUUGACGEGGE CCCGCACAAG CGEUGGAG CAUGUGGUY
7. B_oleronius_JF700436 GOGCGARAGCGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUAARCGAUGAGUGC UAAGUGUUAGHEGGG UUUCCGCCCUUAGUG CUG CAG CURRCGCAUUARAG CACUCCG CCUGGGG - AGUACGGECGCARGECUGAARCU CARRGGARUUGACGGGGG CCCG CACAAG CGGUGGAG CAUGUGGUU
8. B_oleronius_EU430985 GCGCGARAGCGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUARACGAUGAGUGC UAAGUGUUAGEGGGUUUCCGCCCHUVAGUGCUGCAGCUAACGCAUUARG CACUCCG CCUGGGGEAGUACGGICE CALGECUGAARCY CAMAGGARUUGACGGGGECCCG CACAAG CGGUGGAG CAUGUGGUL
9. B_oleronius_JN366721 GOGCGARAGCCUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUAAACGAUGAGUGC UAAGUGUUAGNGGGUUUCCGCCCHUUAGUGCUG CAGCUAACGCAUUAAGCACUCCGCCUGGGE AGUACGGECG CARGECUGAARCU CAAAGGARUUGACGEGGE CCCGCACAAG CGEUGGAG CAUGUGGUY
10. B_oleronius_JN366717 GOGCGARAGCGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUAARCGAUGAGUGC UAAGUGUUAGHEGGG UUUCCGCCCUUAGUG CUG CAG CURRCGCAUUARAG CACUCCG CCUGGGG - AGUACGGHCGCARGECUGAARCU CARRGGARUUGACGGGGG CCCG CACAAG CGGUGGAG CAUGUGGUU
11. B_oleronius_AY988598 GCGCGARAGCGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUARACGAUGAGUGC UAAGUGUUAGEGGGUUUCCGCCCHUVAGUGCUGCAGCUAACGCAUUARGCACUCCGCCUGGEE AGUACGGECG CAAGECUGAARCU CAMAGGARUUGACGGGGECCCG CACAAG CGGUGGAG CAUGUGGUL
12.B. oleramusJN366730 GOGCGARAGCCUGGCGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUAAACGAUGAGUGC UAAGUGUUAGNGGGUUUCCGCCCHUUAGUGCUG CAGCUARCGCAUUAAGCACUCCGCCUGGGE AGUACGGECGCARGECUGAARCU CAAAGGARUUGACGEGGE CCCGCACAAG CGGUGGAG CAUGUGGUY
13. B_oleronius GOGCGARRGCGUGGGGAG (IR A CAGGAUUAGAUACCCUGGUAGU CCACGCCGUARACGAUGAGUGC URAGUGUUAGEGGGUUUCCGCCCUUAGUGCUG CAGCURACGCAUURAGCACU CCGCCUGGEE AGUACGGHECG CAAGECUGARACU CARAGGARUUGACGGGEGCCCG CACARAG CGGUGGANCAUGUGGUL
14. B_oleronius_FJ973531 GCGCGARAGCGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUARACCAUGAGUGCIUAAGUGUUAGHEGGG UUUCCGCCCAUUAGUGCUG CAGCURRACGCAUUARG CACUCCGCCUGGEEG AGUACGGECGCARGECUGAMACU CAARGGARUUGACGGGGE CCCGCACAAG CGCUGGAG CAUGUGGUU
15. B_oleronius_EU430987 GOGCGARAGCCUGGCGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUAAACGAUGAGUGC UAAGUGUUAGNGGGUUUCCGCCCHUUAGUGCUG CAGCUARCGCAUUAAGCACUCCG CCUGGGGEAGUACGGECG CARGECUGAAACU CAAAGGARUUGACGEGGE CCCGCACAAG CGGUGGAG CAUGUGGUL
16. B_endophyticus GCGCGARRGCGUGGGGAGC GRACAGGAUUAGAUACCCUGGUAGUCCACGCCCUARACGAUGAGUGC URAGUGUUAGEGGGUUUCCGCCCHIUUAGUGCUG CAGCEAACGCAUURAGCACUCCGCCUGGEG AGUACGGHCG CAAGECUGAARCU CARRGGARUUGACGGGCECCCG CACAAG CGGUGGAG CAUGUGGUL
17. B_atrophaeus CHECCGARAG CGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUARACCAUGAGUGC UAAGUGUUAGBGGG UUUCCGCCCRUUAGUGCUGCAGCURRACGCAUUARGCACUCCGCCUGGGEG AGUACGGHCGCARGECUGAMACU CAARGGARUUGACGGGGE CCCGCACAAGCGCUGGAG CAUGUGGUU
18. B_subiilis GEGCCARRGCCUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCCUARACGAUGAGUGC UAAGUGUUAGEGEGUUUCCGCCClUVAGUGCUGCAGCUAACGCAUURAGCACUCCGCCUGGEG AGUACCGHCG CAAGECUGARACU CARAGGARUUGACGGGEGCCCG CACAAG CGEUGGAG CAUGUGGUY
19. B_sonorensis GOGCGARRGCGUGGGGAGC GRACAGGAUUAGAUACCCUGGUAGUCCACGCCCUARACGAUGAGUGC URAGUGUUAGEGGGUUUCCGCCClIUUAGUGCUG CAGCEAACGCAUURAGCACUCCGCCUGGEG AGUACGGHCG CAAGECUGAAACU CARRGGARUUGACGGGEGCCCG CACAAG CGEUGGAG CAUGUGGUY
20. B_firmus GCGCGARAGCGUGGGGAGC BEAMCAGGAUUAGAUACCCUGGUAGUCCACGCCGUARACCAUGAGUGC UAAGUGUUAGHEGGG UUUCCGCCCAUUAGUGCUGCAGCEARACGCAUUARGCACUCCGCCUGGEG AGUACGGECGCARGECUGAMACU CAARGGARUUGACGGGGE CCCGCACAAGCGCUGGAG CAUGUGGUU
21, B_simplex GCGCGARRGCCUGGGGAGC EAACAGGAUUAGAUACCCUGGUAGU CCACGCCCUARACGAUGAGUGC UAAGUGUUAGEGGGUUUCCGCCCHUVAGUGCUGCAGCUAACGCAUURAGCACUCCGCCUGGEG AGUACCGECG CAAGECUGARACU CARAGGARUUCGACGGGEGC-CG CACAAG CGEUGGAG CAUGUGGUY

22. B_mojavensis

23. B_amyloliquefaciens
24. B_pumilus

25. B_cereus

26. B_licheniformis

27. B_anthracis

28. B_vallismortis

GEGCGARRGCGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGHCCACGCCCUARRCCAUGAGUGT
CHCCCARAG CGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGUCCACGCCGUARACGAUGAGUGE
GEGCCARRGCCUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGU CCACGCCCUARRCCAUGAGUGT
GOGCGARRGCGUGGGGAGC WAACAGGAUUAGAUACCCUGGUAGU CCACGCCGUARRCGAUGAGUGT
GOGCGARAGCGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGU CCACGCCGUAARCGAUGAGUGC
GCGCGARRGCCUGGGGAGC MAACAGGAUUAGAUACCCUGGUAGU CCACGCCGUARRCGAUGAGUGT
GEGCGARRGCGUGGGGAGC GAACAGGAUUAGAUACCCUGGUAGU CCACGCCGUARRCGAUGAGUGT

URAGUGUUAGGGGGUUUCCGCCO
UAAGUGUUAGGGGG UUUCCGCCO
UAAGUGUUAGBGGGUUUCCGCC
URAGUGUUAGEGGGUUUCCGCC
UARGUGUUAGEGGGUUUCCGCCA]
URAGUGUUAGEGGGUUUCCGCC

UAAGUGUUAGGGGGUUUCCGCC

UUAGUG CUG CAGCUAACGCAUUARGCACUCCGCCUGGEG
UUAGUGCUG CAG CUAACG CAUUARGCACUCCGCCUGGGG
UUAGUGCUG CAGCUAACGCAUURAGCACUCCGCCUGGGG
UUAGUG CUGEAGEIUARCG CAUUAAGCACUCCG CCUGGGG
UUAGUGCUGCAG CEARCGCAUUARG UCCGCCUGGGG
UUAGUGCUGHAGHIUARCG CAUUARG CACUCCG CCUGGGG
UUAGUGCUG CAGCUAACGCAUUARGCACUCCGCCUGGGG

AGUACGG|
AGUACGG
AGUACGG|
AGUACGG|
AGUACGG
AGUACGG]
AGUACGG|

CGCARGECUGAARCUCAARGGARUUGACGGGGG CCCG CACAAGCGGUGGAG CAUGUGGUL
CGCALGECUGRARCU CARAGGARUUGACGGGGE CCCG CACAAG CGGUGGAGCAUGUGGUL
CGCARGECUGAARCUCAARGGARUUGACGGGGE CCCG CACARGCGGUGGAG CAUGUGGUL
CGCALGECUGAAACU CARAGGARUUGACGGGGG CCCG CACAAG CGGUGGAG CAUGUGGUL
CGCALGECUGRARCU CARAGGARUUGACGGGGG CCCG CACAAG CGGUGGAGCAUGUGGUL
CGCARGECUGAARCU CARRGGARUUGACGGGEGE CCCGCACAAG CGGUGGAGCAUGUGGUY
CGCARGECUGAARCUCAARGGARUUGACGGGGE CCCG CACARG CGGUGGAG CAUGUGGUU
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25. B_cereus

26. B_licheniformis
27. B_anthracis
28. B_vallismortis

AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGE CCU UGUACACACCG CCOGU CACACCACGAGAGUUUGUARCACCCGAAGU CGGUGEGGUAACCVUY - BGG
AUCGCGGAUCAGCAUGCCGCGGUGARUACGUUCCCGGE CCUUGUACACACCGCCCGUCACACCACCGAGAGUUUGUAACACCCCGAAGU CGGUGAGGUAACC-UUUN -GG
AUCGCGGAUCAG CAUGCCG CGGUGARUACGUUCCOGGG CCUUGUACACACCGCCOGU CACACCACGAGAGUUUGUARCACCCGAAGU CGGUGEGGUAACCHUUU - BGG
AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGG CCUUGUACACACCG CCOGU CACACCACGAGAGUUUGUARCACCCGAAGU CGGUGAGGUAACCHUUU - BGG

AGCCAGCCG CClIA AGGUGGGA CAGAUGAUUGGGGUGAAGU CGUARCAAGG
AGCCAGCOGCOGAAGGUGGGACACAUGAUUGGGCUGAAGU CGUAMCAMGE
AGCCAGCCG CCHAAGGUGGGACAGAUGAUUGGGGUGARGU CGUARCARGG
AGCCAGCCG CCGAAGGUGGGA CAGAUGAUUGGGGUGAAGU CGUARCAAGG

UAG COGUAUCGGAAGGUG

UAG CCGUAUCGGAAGGUG
UAG COGUAUCGGAAGGUG

L1 120 1230 1240 1250 1260 1270 1280 1200 1300 1310 1320 1330 1340 1350 L3E0 1370 1280 1390 1400
1. Amphibacillus_fermentum UAAGGUGACUGCCGGUGACAAACOGGAGGAAGGUGGGGA.SACGUCAAAUCAUCAUGCCCCUUAUGACCUGGGCUACACACGUGCUACAAUGGA.GG ACAAAGGG.SOGA.ACCGOGAGGU.AGC‘AAUCC‘“ AALECERUUCU CAGUU CGGAUBCBAGG CUG CARCU CGECUG CHUGAAG CEGGAATICG CUAGUA
2. B_sporothermodurans UARGGUGACUGCCGGUGACARACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACG UG CUACAAUGGABGGEIACARAGGG ClIG OGAGA CCG OGAGGU UBAG CCAAU CCCANAAAN CINIUU CU CAGUU CGGAUMGIAGG/ CUG CARCU CGICUN CHUGAAG CBGGGAU CGCUAGUA
3. B_carboniphilus URAGGUGACUG CCGGUGACARACOGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACA OG UG CUACAAUGGAMNGHA CAAAGGG CHiG CHABG COG CGAGGEMGAG CCAAU CCCANAR AN CIllUU CU CAGUU CGGAUMGEAGG CUG CAACU CGICUG CHUGAAG CEGGAAUCGCUAGUA
4. B_aquimaris UAAGHUGA CUG CCGGUGACAAACCGGAGGAAGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGA CCUGGG CUACACA CG UG CUACAAUGGABGGHA CAAAGGG CHG CEAGA CCG CGAGGU UBAG CcAAU cecAlARANCIIGUU CU CAGUU CGGAUMGEIAGG CUG CAACU CGICUN CHUGAAG CEISGAAUCGCUAGUA
5. B_oleronius_JN366793 UAAGGUGACUG CCGCGUGACARMACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACG UG CUACAAUGGABGGIIACARAAGGG CliC CHIRGA CCG OGAGGU UBAG CCAAU CCCANARAN CINIUU CU CAGUU CGGAUMCBIAGG CUG CAACU CGICUN CHUGAAG CBGGARUCG CUAGUA
6. B_oleronius_JX045720 URAGGUGACUGCCGGUGACARACCOGGAGGARGGUGGGGAUGACGU CARAL CAUCAUGCCCCUUAUGACCUGGG CUACACACG UG CUACRAUGGANGGEIA CRAAGGG ClIG CHAGA CCG CGAGGU UBAG CCAAU CCCANARAN CIlIUU CU CAGUU CGGAUMGEIAGG CUG CAACU CGECUNCHUGAAG CIIGGRAUCG CUAGUA
7. B_oleronius_JF700436 URAGGUGACUG CCGGUGACAAACCGGAGGAAGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACA CG UG CUACAAUGGABGGHA CAAAGGG Clic CEAGA COG CGAGGU UBAG CeAAU cecaAlAA AN CIlSIUU CU CAGUU CGGAUBGIIAGG CUG CAACU CGICUN CEUGAAG CEGGRAUCGCUAGUA
B. B_ olemnms EU430985 URAGGUGA CUG CCGGUGACAAACCGGAGGAAGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGA CCUGGG CUACACA CG UG CUACAAUGGABGGHA CAAAGGG Clic CHAGA CCG CGAGGU UBAG ceaAy cecaAlAR AN CIlEUU CU CAGUU CGGAUMGEIAGG CUG CAACU CGCUN CHUGAAG CESGAAUCGCUAGUA
9. B_oleronius_JN366721 UAAGGUGACUG CCGGUGACARACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACG UG CUACAAUGGABGGIIACARAGGG CliC CIRGA CCG OGAGGU UBAG CCAAU CCCANARAN CINIUU CU CAGUU CGGAUBGIIAGG CUG CAACU CGICUN CHUGAAG CBGGARUCGCUAGUA
10. B_oleronius_JN366717 URAAGGUGACUGCCGGUGACARACCGGAGGARGGUGGGGAUGACGU CARAL CAUCAUGCCCCUUAUGA CCUGGG CUACACACG UG CUACRAUGGANGGEIA CAAAGGG ClIG CHAGA CCG CGAGGU UBAG CCAAU CCCANARAN CIENIVU CU CAGUU CGGAUMGEAGG CUG CAACU CGECUNCHUGAAG CIIGGAAUCG CUAGUA
11. B_oleronius_AY988598 URAGGUGACUG CCGGUGACAAACCGGAGGAAGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACA CG UG CUACAAUGGABGGHA CAAAGGG Clic CEAGA CCG CGAGGU UBAG CCAAU cecAlAA AN CIlEIUU CU CAGUU CGGAUBGIIAGG CUG CAACU CGICUN CHUGAAG CEGGAAUCGCUAGUA
12. B_oleronius_JN366730 UAAGGUGACUG CCGGUGACARACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACGUG CUACAAUGG ABGGEACAAAGGG ClIG CHAGA CCG CGAGGU UBAG CCAAU CCCANAR AN CIlNU U CU CAGUU CGGAUNGIIAGG/ CUG CAACU CGICUN CHUGAAG CBGGARUCGCUAGUA
13. B_oleronius UAAGGUGACUG CCGGUGACARMACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACG UG CUACAAUGG ABRIGEIA CARAAGGG CliC CHRGA CCG OGAGGU UBAG CCAAU CCCANAR AN CINIUU CU CAGUU CGGAUMGIIAGG CUG CAACU CGICUN CHUGAAG CBGGARUCGCUAGUA
14. B_oleronius_FJ973531 UAAGGUGACUG CCGGUGACARACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGGCUACACACG UG CUACAAUGGABGGIIACARAGGG ClIC CAGA CCG OGAGGU UBAG CCAAU CCCANAA AN CINIU U CU CAGUU CGGAUMGBAGG/ CUG CALCU CGECUN CHUGAAG CBGGARUCGCUAGUA
_oleronius_EU430987 UBAGGUGACUG CCGGUGACARACCGGAGGARGEUGCGEAUG ACGU CARRU CAU CAUGCCCCUUAUGACCUGGG CUACACA CG UG CUACAAUGGABGGHA CARAGGE CHIS CEAGA COG CGAGGU UBAG CCARU CCCAlAR AN CIEEUU CU CAGUU CGGAUBGEIAGE CUG CAACU CCCUE CEUG ARG CEGGAAU CG CUAGUA
. B_endophyticus UAAGGUGACUG CCGGUGACARACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACGUG CUACAAUGG ABGENA CAAAGGG CliG OGAEA CCG CGAGGU UNAG CCAAU CCCANAR AN CINU U CU CAGUU CGGAUNGIIAGG CUG CAACU CGICUN CHUGAAG CBGGRAUCG CUAGUA
17. B_atrophaeus UAAGGUGACUG CCGGUGACARACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACG UG CUACAAUGGABBGEA CAAAGGG CBIG OGAGA CCG OGAGGU UNAG CCAAU CCCARAAAN CBGUU CU CAGUU CGGAU) GEICUGCARCUCGECUGCBUGAAG CBIGGAAUCGCUAGUA
18. B_subrtilis URAGGUGACUG CCGGUGACARACOGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACA CG UG CUACAAUGGANGER CARAGGG CHG OGANA COG CGAGGU UNAG CCAAU cCCAlAR AN CIIGUU CU CAGUU CGGAU| UG CAACU CGECUG OGUGAAG CEIGGAAUCGCUAGUA
. B_sonorensis UAAGGUGA CUG CCGGUGACAAACCOGGAGGARGGUGGGEGAUG ACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACA CG UG CUACAAUGGGHNGER CAAAGGG CHBG OGABGCCG CGAGG MUBAG ccany cccAlAAANCIIGEU CU CAGUU CGGAU| GHlCUG CAACU CGECUGCBUGAAG CIlIGGAAU CGCUAGUA
20. B_firmus UAAGGUGACUG CCGGUGACARMACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACG UG CUACAAUGGABGGIIACARAAGGG CliC CIRGA CCG OGAGGU UNAG CGAAU CCCANAAAN CINIUU CU CAGUU CGGAUMC BAGG CUG CAACU CGlICUG CHUGAAG CBGGARUCG CUAGUA
21. B_simplex UAAGGUGACUG CCGGUGACARACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACG UG CUACAAUGGABGGEIACARAAGGG CIliG CHAREICHEC CG. GUBAGCGAAU CCCABARAG CIERIUU CU CAGUU CGGAUBG IR GG CUG CAACU CGECUN CHUGAAG CBGGAAUCG CUAGUA
,_mojavensis URAGGUGACUG CCGGUGACARACOGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACA CG UG CUACAAUGGANGER CARAGGG CHG OGANA COG CGAGGU UBAG CCAAU cCCAlAR AN CIIGUU CU CAGUU CGGAU| GECUGCAACU CGECUGCBUGAAG CHlIGGAAU CGCUAGUA
,_amyloliquefaciens UAAGGUGA CUG CCGGUGACAAACCGGAGGARGGUGGGGAUG ACGU CARAU CAUCAUGCCCCUUAUGA CCUGGGCUACACA CG UG CUACAAUGGANGHER CARAGGG A 8A CCG CGAGGU UBAG CCAAUCCCAlARA UUCUCAGUU CGGAU GHElCUG CAACU CGECUGCElIGAAG CIliGGAAU CGCUAGUA
B_pumilus UAAGGUGACUG CCGGUGACARACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACG UG CUACAAUGGABNGEA CAAAGGG CliC CGAGA CCG CHAGGU UBAG CCAAU CCCARARA UUCUCAGUUCGGAU GEICUGCARCUCGECUGCGUGAAG CBIGGAAUCGCUAGUA
25. B_cereus URAGGUGACUGCCGGUGACARACCGCGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGGCUACACACGUG CUACAAUGGARGGEIA CAAAGNG ClIC CRILGA CCG CGAGGU GGAG CHIAAU CHICANARA UUCUCAGUU CGGAUBGEAGG CUG CARCU CGEBCUNCEUGAAG CBIGGAAUCGCUAGUA
25. licheniformis URAGGUGA CUG CCGGUGACAAACCGGAGGARGGUGGGGAUG ACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACA CG UG CUACAAUGGABGHEA CAAAGGG CHG OGABG CCG CGAGGHUBAG CCAAU CCCAlIARA UUCU CAGUU CGGAU GHICUG CAACU CGECUGCBUGAAG CHlIGGAAU CGCUAGUA
_anthracis URAGGUGA CUG CCGGUGACAAACCGGAGGAAGGUGGGGAUG ACGU CARAU CAUCAUGCCCCUUAUGA CCUGGG CUACACA CG UG CUACAAUGGABGGHA CAAAGHEG Clic CEAGA CCG CGAGGU GGAG ClIAAU CHICANARA UUCU CAGUU CGGAUMGEAGG CUG CAACU CGCUN CHUGAAG CEIGGAAUCGCUAGUA
28 B_vallismortis UAAGGUGACUG CCGGUGACARACCGGAGGARGGUGGGGAUGACGU CARAU CAUCAUGCCCCUUAUGACCUGGG CUACACACGUG CUA CAAUGGABBGEA CAAAGGG CHIC OGANA CCG OGAGGU UBAG CCAAU CCCARARA UUCUCAGUUCGGAU GEICUGCARCU CGECUG CGUGAAG CEIGGAAUCGCUAGUA
1410 1420 1430 1440 1450 1460 1470 1480 1490 1500 1510 1520 1530 15 1550 5 1570 1580 1,500 1,600
1. amphibacillus_fermentum AUCG.GGAUCAGCAUGC(’CGGUGAAUACGUULLL\;UU.&.\J UGUACACALLMLLLuumCACCACGAGAGUUGGMCACCCGMCGGUGAGGUAAC“UUU. BGG AGCCWCCGCCGAAGG
2. B_sporothermodurans AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGE CCUUGUA CACA CCG CCOGU CACACCACGAGAGUUUGUAACACCCGAAGU CGGUGAGGUAACC-UU! -GG - AGCCAGCCG CCGAAGGUGGGA CAGAUGAUUGGGGUGAAGU CGUARCAAGG UAG CCGUA
3. B_carbonil AUCGCGGAUCAG CAUGCCGCGGUGARUACGUUCCCGGEG CCUUGUACACACCGCCCGUCACACCACGAGAGUUUGUAACACCCGAAGU CGGUGEBGGUAACC-GU! AGCCAGCOGCCGARGGUGGGA CABAUGAUUGGGGUGARGU CGUARCARGG UANCC
4. B_aquimaris AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGE CCUUGUACACACCG CCOGU CACACCACGAGAGUUUGUARCACCCGAAGU CGGUGAGGUAACC-UUUM -GG AGCCAGCCG CCHAAGCGUGGGACAGAUGAUUGGGGUGAAGU CGUARCARGGEGUANICCG
5. B_oleronius_JN366793 AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGG CCUUGUA CACA CCG CCOGU CACACCACGAGAGUUUGUARCACCCGAAGU CGGUGAGGUAACC-UUUM -GG - AGCCAGCOG COGAAGGUGGGA CAGAUGAUUGGGGUGRAGUC
6. B_oleronius_JX045720 AUCGCGGAUCAGCAUGCCG CGGUGARUACGUU
7. B_oleronius_JF700436 AUCGCGGAUCAGCAUGCCGCGEUGARUACGUUCCOGGE CCUUGUACACACCGCCCGUCACACCACGAGAGUUUGUAACACCCGAAGU CGGUGAGGUAACC-UL AGCCAGCCGCCOGAR
8. B_oleronius_EU430985 AUCGCGGAUCAGCAUGCCGCGGUGARUACGUUCCOGGG CCUUGUACACACCGCCOGUCACACCACGAGAGUUUGUARCACCCGAAGU CGGUGAGGUAACC-UUUM -GG AGCCAGCCGCCGARAGGUGGGACAGAUGAUUGGGGUGAAGUCGUARC
9. B oleronius_JN366721 AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGG CCUUGUACACA CCG CCOGU CACACCACGAGAGUUUGUARCACCCGAAGU CGGUGAGGUAACC-UUUM -GG - AGCCAGCOG CCGAAGGUGGGA CAGAUGAUUGGGGUGAAGUC
10 AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCCGGG CCUUGUA CACA CCG CCCGU CACACCACGAGAGUUUGUAACACCCGAAGU CGGUGAGGUAACC-UU! AGCCAGCCG CCGAAGGUGGGA CAGAUGAUUGGGGUGAAGU CGUA
11. B_oleronius_AY988598 AUCGCGGAUCAG CAUGCCGCGGUGAARUACGUUCCCGGG CCUUGUACACACCGCCCGU CACACCACGAGAGUUUGUAACACCCGAAGU CGGUGAGGUAACC UL AGCCAGCOGCCGARAGGUGGGACAGAUGAUUGGGGUGARGUCGUARCARGG UAG COGUAUCGGAAGGUG  BGCHECC NUBNEENE W
12. B_oleronius_JN366730 AUCGCGGAUCAGCAUGCCGCGGUGARUACGUUCCOGGG CCUUGUACACACCGCCOGUCACACCACGAGAGUUUGUARCACCCGAAGU CGGUGAGGUAACC-UUUM -GG AGCCAGCOGCCGARAGGUGGGACAGAUGAUUGGGGUGA
13. B_oleronius AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCCGGGlICU UGUA CACACCG CCOGU CACACCACGAGAGUUUGUARACACCCGAAGU CGGUGAGGUAACC-UUUM -GG AGCCAGCCGHICGA AGGUGGGACAGAUGAUUGGGGUGRAAGU CGUARCARGG UAG CCGUAUCGGAAGGUG B-G--G
14. B_oleronius_FJ973531 AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCCGGG CCUUGUA CACA CCG CCCGU CACACCACGAGAGUUUGUAACACCCGAAGU CGGUGAGGUAACC=UU! AGCCAGCOG CCGAAGGUGGGA CAGAUGAUUGGGGUGAAGU CGUARCAAGG UAG COGUAUCGGAAGGUG GG HNGG NSNS I
15. B_oleronius EU430937 AUCGCGGAUCAGCAUGCCGCGEUGARUACGUUCCOGGE CCUUGUACACACCGCCOGUCACACCACGAGAGUUUGUAACACCCGAAGU CGGUGAGGUAACC-UL AGCCAGCOGCCGAAGCGUGGGACACGAUGAUUGGGCUGAAGUCGUAMCARAGG =-AGCC
16. B, endapmrl AUCGCGGAUCAGCAUGCCGCGGUGARUACGUUCCCGGGMCU UGUACACACCGCCOGUCACACCACGAGAGUUUGUARACACCCCAAGU CGGUGAGGUAACC-UUUM -GG AGCCAGCCGCCCGARAGCUGGGACAGAUGAUUGGGCGUGAAGUCCGUARCARAGG UAGCCGUA
17. Bﬁa[mphaeus AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGG CCUUGUACACACCG CCCGU CACACCACGAGAGUUUGUARACACCCGAAGU CGGUGAGGUAACCHUUE- BIGG AGCCAGCCGCCGAAGGUGGGA CAGAUGAUUGGGGUGAAGU CGUARCARGG UAG CCGUAUCGGAAGGUG l-G --GH-HcG EIESC N
18. B_subtilis AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGE CCUUGUA CACACCG CCCGU CACACCACGAGAGUUUGUARCACCCGARAGU CGGUGAGGUAACCHUUU - BGG AGCCAGCOGCOGARGGUGGGA CAGAUGAUUGGGGUGARGU CGUARCARGG  UAG CCGUAU CGGAAGGUG  l-G - -G E-HGGEUENC
B_sonorensis AUCGCGGAUCAG CAUGCCGCGGUGAAUACGUUCCCGGG CCUUGUACACACCGCCCGUCACACCACGAGAGUUUGUAACACCCGAAGU CGGUGAGGUAACC-UL G AGCCAGCCGCCGAAGGUGGGACAGAUGAUUGGGGUGARAGU CGUARCARGG  UAG CCGUAU CGGARAGGUGHGCENG NUNENEEEUNE C S
. B_firmus AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGE CCUUGUACACACCG CCOGU CACACCACGAGAGUUUGUARCACCCGAAGU CGGUGGGGUAACC-UUUM -GG AGCCAGCCG CCHAAGCGUGGGACAGAUGAUUGGGGUGAAGU CGUARCALGG UAG CCGUAU CGGARAGGUG  B-G - -G GG RUNSRI C S
21. B_simplex AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGE CCU UGUACACACCG CCOGU CACACCACGAGAGUUUGUAACACCCGAAGU CGGUGAGGUAACC-UUUNM-GGEAG CCAGCOG CClIA AGGUGGGA CAGAUGAUUGGGGUGAAGU CGUAACAAGG UAG CCGUAUCGGAAGGUG -G --GH-HEGG
22. B_mojavensis AUCGCGGAUCAGCAUGCCG CGGUGARUACGUU CCOGGE CCUUGUACACACCGCCCGU CACACCACGAGAGUUUGUARCACCCGAAGU CGGUGAGGUAACCHUU] WGG AGCCAGCOGCCOGAAGGUGGGACAGAUGAUUGGGGUGARGU CGUARCARGG UAG CCGURU -CBAGEEUE G-H--G 1.3
23. B amvlallquefaclens AUCGCGGAUCAGCAUGCCGCGGUGARUACGUUCCCGGG CCUUGUACACACCGCCCGUCACACCACCGAGAGUUUGUAACACCCCAAGU CGGUGAGGUAACCHUVUN- GG AGCCAGCCGCCGAAGGUGGGACAGAUGAUUGGGGUGAAGUCGUAACARAGG UAGC B-G--
24. B_pumilus AUCGCGGAUCAG CAUGCCG CGGUGARUACGUU CCOGGG CCUUGUACACACCG CCOGU CACACCACGAGAGUUUGEAR CACCCGAAGU CGGUGAGGUAACCHUUE- @GG AGCCAGCOGCOGAAGGUGGGE CAGAUGAUUGGGGUGAAGU CGUARCARGG - UAG COGUAU CGGAAGGUG -l -G - -G - HiGG NI C I
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Figure 30: Structural alignment of 16S sequences of B. oleronius strains, Bacillus species and Amphibacillus fermentum. Variation in sequence is highlighted
in grey and disagreement to consensus is highlighted in colour.
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Figure 31: Genetic distance matrix of structural alignment of 16S sequences of B. oleronius strains,

white heatmap and percentage identical nucleotides.
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CHAPTER FOURTH

Discussion and conclusion

The purpose of this work was to create novel species-specific primers for B. oleronius in order
to prove that primers published by Szkaradkiewicz et al., 2012, unlike the authors claim, are
not truly specific for B. oleronius. Two extraction kits were evaluated in this study to identify
which would be the best purification method for obtaining large amounts of high-quality
genomic DNA for single-molecule real time next generation genomic sequencing (SMRT) of
B. oleronius. Several studies indicated that all methods of DNA extraction differ from each
other, especially in their ability to extract sufficient and pure quantities of DNA, making it
difficult to find an optimal method to extract DNA for all kinds of bacteria (McOrist et al., 2002).
Many differences have been observed in obtaining a sufficient DNA yield using two DNA
extraction Kits in this study. Throughout the period of the study, the process of DNA extraction
turned out to take a long time and various modifications were used to extract the DNA of B.

oleronius.

Generally, In order to assess the quality and purity of the DNA samples it would be
necessary to measure the absorbance at 280 nm. The absorbance ratios (A260 /A280) and
(A260/A23) can be used to evaluate the purity of DNA and nucleic acid respectively. If the
average ratio (A260 /A280) was above 0.8 this meant the samples were pure and if the ratio
was less than 0.8 that indicated presence of contamination such as proteins, phenol, salt,
polysaccharide or other kinds of contaminants that can inhibit the PCR amplifications and thus
its efficiency (Manchester,1995). The results using Gentra Puregene Yeast/Bact kit Gram
positive protocol yielded low amounts of DNA with low ratio (A260 /A280) which indicate that
most the samples were contaminated. The Gram positive protocol was used several times in
order to get high quality DNA but the results showed that this protocol was not suitable for
extraction B. oleronius considering the low quantity and poor quality of DNA but the results
showed that this protocol was not in terms of the poor quantity and low quality of DNA
extracted. Accordingly, it was necessary to use the protocol for Gram negative bacteria as an
alternative method. The results showed that this protocol was acceptable in term of obtaining
high amounts of DNA but at the same time the extracted DNA was not pure enough since the
quantification showed that most the samples had low (A260 /A280) ratio indicating the

presence of contaminants. For all extraction methods the (A260/A230) ratios presented low
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values (Table 17). This could be related to problems during extraction procedure and even to

the presence of residues during culturing.

DNeasy ® Blood & Tissue kit was the last choice in this study as it commonly used to get pure
and high-quality of genomic DNA. Based on the experiment, the amount of DNA obtained
using the DNeasy ® Blood & Tissue Kit was the lowest and was not enough for sequencing.
However, the 260/280 ratios using this kit were very low indicating that the DNA was free from
contaminants. All the purification methods use for extraction of B. oleronius failed to extract
sufficiently pure and high-quality genomic DNA for sequencing. The main reason for the lack
of high quantity of DNA is thought to be due to the fact that B. oleronius is a Gram-positive
bacterium that as a species is defined as being Gram-negative. This poses a challenge for the
extraction of DNA. It was noted that short incubation of samples in the heater for 10 minute at
65 °C instead of 1 hour and re-centrifugation of the DNA during the step of protein precipitation
increased the chance of getting higher amount of DNA. The process of extraction pure and
high quality amounts of DNA can be considered a big challenge however, it is possible to
make amendments and changes to some of the protocols. Despite time consuming, the
adjustments seemed to be worthwhile.

The results of the nearest neighbours (related Bacillus species) phylogenetically to B.
oleronius showed that B. oleronius strain EK-3 behaved differently from all other B. oleronius
strains in alignment experiments. The strain showed in a BLAST analysis 4 separate parts of
maximum similarity suggesting that during PCR amplification one or more chimera had formed
or that during sequence assembly errors were made. The sequence of this strain was
considered not reliable. B. oleronius strain W44 is considered a misidentification based on the
tree in Figure 27. Amphibacillus species were included in the phylogenetic analysis because
the hyper variable region of the B. oleronius sequence matched Amphibacillus sequences.
The placement of Amphibacillus species within the B. oleronius clade needs further
investigation with a larger taxon sampling. Listeria monocytogenes has been used as an
outgroup by Maughan and Van der Auwera (2011) in their phylogenetic analysis of the family
Bacillaceae. In Figure 27, the branch length for L. monocytogenes seems short for an outgroup
species for Bacillus investigations. Bacterial species normally show a divergence of 1.5 % in
the 16S sequence between sister species, allowing the design of species-specific primers.

Several Bacillus species have either identical or near identical 16S sequences.

As it has been mentioned previously, the aim of this study was to design species-specific
primers for B. oleronius and through this study it was possible to refute the idea which states
that 16S sequence of B. oleronius is suitable for species discrimination and to confirm that the

published primers designed by Szkaradkiewicz et al., 2012 are not species-specific while the
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newly designed primers in this study are species-specific. The primer set BO1l (5'-
AACGGCTCACCAAGGCGACG-3) and BO2 (5-TCCGGACAACGCTTGCCACC-3)
designed by Szkaradkiewicz et al., 2012 were tested in this study and they amplified all the
Bacillus species tested including B. oleronius. This ultimately shows that these primers were

not specific for B. oleronius and in fact they work as universal primers (Figure 25).

In contrast, the primer sets Bo16S-202FaL (A ACTTTTTTCTTCGCATGARGGAGAATTG)
with  B016S-684R  (5'-CTCCCAGTTTCCAATGGCCGCTTG-3") and Bo016S-202FaL
(AACTTTTTTCTTCGCATGARGGAGAATTG) with B016S-668R (5'-
GCCGCTTGCGGTTGAGCCGCAAGA-3’) designed in this project for the 16SRNA showed to
be species-specific since they only amplify B. oleronius fragments with the expected size of
483 bp and 467 bp respectively (Figure 22 and 19).

Regarding to the universal primers used for amplification of the rpoB gene the results
showed that these primers did not work correctly because no band was detected (Figure
16).The reasons for these results are thought to be due to wrong design or the use of
unsuitable annealing temperature. Optimizing the appropriate annealing temperatures (Ta) for
the primers is correlated to the success of the PCR, especially during the early stages of the
amplification (Verkuil et al., 2010). In this experiment the PCR has been performed using a
range of annealing temperatures. Initially, the PCR was set up using all the newly primers
designed for 16SRNA on 50 °C. Once PCR amplification was completed it was noted that all
the primers amplified the negative controls. This was due to the use of a lower annealing
temperature for all the primers. When the annealing temperature becomes too low the
amplification becomes non-specific (Figure 17and 18). When the PCR was performed on 50°C
all the primers annealed randomly and amplified all the bacterial species. At the same time
when the annealing temperatures become too high this lead to a more precise annealing and
ultimately to obtain the desired products (Rychlik et al., 1990).Therefore, it is very important
to choose suitable annealing temperatures in an average of 5 °C lower than the melting

temperature (Tm) of the primer.

The results in (Figure 22) show that the effect of increasing the annealing temperature for
the primers set Bo16S-202FaL and B016S-668R from 59 °C to 61 °C lead to a specific
annealing and amplification of the desired product (B. oleronius) while ignoring the other
species indicating that these primers are species-specific to B. oleronius. Some primer sets
such as (Bo16S-202FbL with Bo16S-684R), (Bo16S-202FcL with Bo16S-668R) and (Bo16S-
202FcL with Bo16S-684R) did not show any change when the annealing temperature had

increased showing that these primers are not species-specific (Figure 23 and 24).
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The development of a purification method for large amounts of high-quality genomic DNA for
single-molecule real time next generation genomic sequencing (SMRT) of B. oleronius was
challenging because B. oleronius is Gram-positive that as a species is defined as being Gram-
negative. The Gentra Puregene Yeast/Bact kit Gram positive protocol, Gentra Puregene
Yeast/Bact kit Gram negative protocol and DNeasy ® Blood & Tissue kit were used for DNA
extraction. Each kit has its advantages and disadvantages in terms of getting high-quality and
guantity genomic DNA. The two Puregene Kkits failed to get a pure DNA due to the presence
the contaminants in most of the samples while the DNeasy ® Blood & Tissue kit yielded a pure
DNA but in extremely low concentration. Therefore, it is very important to find a new solution
to get rid of the contaminants during the process of DNA extraction in order to achieve a high
grade DNA extract of B. oleronius

In this study species-specific primers B. oleronius were designed for the first time. The
primers were designed for the 16SRNA gene using Genious software. The primers designed
by Szkaradkiewicz et al., 2012 were used in this study to confirm that these primers were not
in fact species-specific as claimed by the authors. They claimed that Demodex was infect only
with B. oleronius and that this species of bacteria was responsible for demodecosis. When in
fact they cannot be sure that the mites only have B. oleronius because the primers are not
specific. The new primers designed in this project have succeeded to amplify only B. oleronius
and can therefore be used as species specific. These results have opened a door for more

future applications and identification of Bacillus species.
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Appendix

Appendix 1. Opening of ampoules

1. Check list
In addition to the items mentioned above you will need the following: broken glass disposal,

sterile, water, Pasteur pipettes and forceps. Work in microbiologically controlled conditions

2. Heat the tip of the ampoule with a flame
Usually only 5-15 seconds suffice (though it may take longer if the flame is too weak).Make
sure that only the tip is being heated in order to prevent a loss of viability of the preserved
material. The inner cotton plug should not become brown (this indicates excessive heating).

3. Break the tip of the ampoule
Place 1-4 drops of sterile water onto the hot tip to crack the glass. If no breakage occurs,
repeat the previous step trying to increase the heating of the tip (however excessive heating

is not desirable either since it may damage the strain).

4. Remove glass fragments
Wear protective goggles if you think that small glass fragments may reach your eyes (for
instance if you are not working at a vertical flow bench).Carefully strike off the glass tip with
an appropriate tool (e. g. forceps).Lift the cotton plug with the forceps so that it can be more

easily handled in coming steps.

Rehydration of strain and inoculation

1. Rehydration
Add 0.2-0.3 mL of recommended broth using a Pasteur pipette. Carefully suspend the cells
until the appearance of the liquid is homogeneous. For better mixing the suspension can be
gently loaded into the pipette several times trying not to form air bubbles or foam.

2. Inoculation
Use several drops of the suspension to inoculate an agar Petri plate and/or a slant and transfer
the rest to a tube with 5-10 mL of the recommended liquid medium. Some cells may show a
prolonged lag period; therefore incubate the tubes and plate for several days before discarding

them as non-viable.
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3. Incubation
Incubate under the conditions specified for the strain in the delivery note or our on line
catalogue (www.cect.org). Before discarding sterilize all the remains of the original ampoule
Please note that some strains have a long lag phase and may need to be incubated up to two

weeks or more.
Appendix 2. DNA Purification from Gram-Positive Bacteria Using the Gentra
Puregene Yeast/Bact. Kit

This protocol is for purification of genomic DNA from fresh or frozen samples of 0.5 mL Gram-
positive bacterial cultures using the Gentra Puregene Yeast/Bact. Kit.

Things to do before starting:

m Preheat water baths to 37°C for use in steps 6 and 10, 65°C for use in step 22, and 80°C

for use in step 9 of the procedure.

m Frozen bacterial samples should be thawed and equilibrated to room temperature (15-25°C)

before beginning the procedure.

Procedure

1. Prepare an overnight culture.

2. Transfer 500 ul of the cell culture (containing approx. 0.5-1.5 x 109 cells) to a
1.5 mL microcentrifuge tube on ice.

3. Centrifuge for 5 s at 13,000—16,000 x g to pellet cells.

Longer centrifuge times may be necessary for some species to form a tight pellet.
4. Carefully discard the supernatant by pipetting or pouring.

5. Add 300 ul Cell Suspension Solution, and pipet up and down.

6. Add 1.5 pl Lytic Enzyme Solution, and mix by inverting 25 times. Incubate for
30 min at 37°C.

7. Centrifuge for 1 min at 13,000-16,000 x g to pellet cells.

8. Carefully discard the supernatant with a pipet.

95


http://www.cect.org/

9. Add 300 ul Cell Lysis Solution, and pipet up and down to lyse the cells.
An incubation for 5 min at 80°C may be necessary to lyse cells of some species.

10. Add 1.5 pl RNase A Solution, and mix by inverting 25 times. Incubate for 15-60 min at
37°C.

11. Incubate for 1 min on ice to quickly cool the sample.

12. Add 100 pl Protein Precipitation Solution, and vortex vigorously for 20 s at high speed.
Note: For species with high polysaccharide content, incubate the sample on ice for 15-60 min.
13. Centrifuge for 3 min at 13,000-16,000 x g.

The precipitated proteins should form a tight pellet. If the protein pellet is not tight, incubate

on ice for 5 min and repeat the centrifugation.

14. Pipet 300 pl isopropanol into a clean 1.5 mL microcentrifuge tube and add the supernatant

from the previous step by pouring carefully.

Be sure the protein pellet is not dislodged during pouring.
15. Mix by inverting gently 50 times.

16. Centrifuge for 1 min at 13,000-16,000 x g.

The DNA will be visible as a small white pellet.

17. Carefully discard the supernatant, and drain the tube by inverting on a clean piece of
absorbent paper, taking care that the pellet remains in the tube.

18. Add 300 pl of 70% ethanol and invert several times to wash the DNA pellet.
19. Centrifuge for 1 min at 13,000-16,000 x g.

20. Carefully discard the supernatant. Drain the tube on a clean piece of absorbent paper,

taking care that the pellet remains in the tube. Allow to air dry for 5 min.

The pellet might be loose and easily dislodged. Avoid over-drying the DNA pellet, as the DNA

will be difficult to dissolve.
21. Add 100 ul DNA Hydration Solution and vortex 5 s at medium speed to mix.

22. Incubate at 65°C for 1 h to dissolve the DNA.
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23. Incubate at room temperature (15-25°C) overnight with gentle shaking. Ensure tube cap

is tightly closed to avoid leakage. Samples can then be centrifuged briefly and transferred to

a storage tube.

Appendix 3. Additional Purification of Gentra Puregene samples using DNA the
DNeasy Blood & Tissue Kit:

1.

N o g M wDN

8.

Combine the three samples with the highest amount of gel DNA of the middle
purification (90 pl each of 176, 140, and 102 ug/ul), totalling 270 pl.

Add 300 pl AL buffer without ethanol and mix by light vortexing

Add 40 pl of proteinase K mix by light vortexing

Incubate at 56 “C overnight

Inactivate proteinase K at 95 °C for 15 minutes

Centrifuge the sample for 5 minutes at 190 rpm

Add 20 pl proteinase K

Add 300 pl ethanol (96-100 %) to the sample, and mix thoroughly by vortexing.

It is important that the sample and the ethanol are mixed thoroughly to yield a homogeneous

solution. A white precipitate may form on addition of ethanol. It is essential to apply all of the

precipitate to the DNeasy Mini spin column. This precipitate does not interfere with the DNeasy

procedure.

9.

10.

11.

12.

Pipet the mixture from step 3 (including any precipitate) into the DNeasy Mini spin
column placed in a 2 mL collection tube (provided). Centrifuge at _6000 x g (8000 rpm)
for 1 min. Discard flow-through and collection tube.

Place the DNeasy Mini spin column in a new 2 mL collection tube (provided), add 500
WL Buffer AW1, and centrifuge for 1 min at 6000 x g (8000 rpm). Discard flow-through
and collection tube.

Place the DNeasy Mini spin column in a new 2 mL collection tube (provided), add 500
WL Buffer AW2, and centrifuge for 3 min at 20,000 x g (14,000 rpm) to dry the DNeasy
membrane. Discard flow-through and collection tube.

It is important to dry the membrane of the DNeasy Mini spin column, since residual
ethanol may interfere with subsequent reactions. This centrifugation step ensures that
no residual ethanol will be carried over during the following elution. Following the
centrifugation step, remove the DNeasy Mini spin column carefully so that the column
does not come into contact with the flow-through, since this will result in carryover of
ethanol. If carryover of ethanol occurs, empty the collection tube, then reuse it in

another centrifugation for 1 min at 20,000 x g (14,000 rpm).
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13. Place the DNeasy Mini spin column in a clean 1.5 mL or 2 mL microcentrifuge tube
(not provided), and pipet 200 uL Buffer AE directly onto the DNeasy membrane.
Incubate at room temperature for 1 min, and then centrifuge for 1 min at _6000 x ¢
(8000 rpm) to elute. Elution with 100 pL (instead of 200 uL) increases the final DNA
concentration in the eluate, but also decreases the overall DNA yield (see Figure 2,

page 21).

14. Recommended: For maximum DNA vyield, repeat elution once as described in
step 13. This step leads to increased overall DNA vyield. A new microcentrifuge tube
can be used for the second elution step to prevent dilution of the first eluate.
Alternatively, to combine the eluates, the microcentrifuge tube from step 7 can be
reused for the second elution step.

Note: Do not elute more than 200 uL into a 1.5 mL microcentrifuge tube because the

DNeasy Mini spin column will come into contact with the eluate.

Appendix 4. Protocol: DNA Purification from Gram-Negative Bacteria Using the
Gentra Puregene Yeast/Bact. Kit

This protocol is for purification of genomic DNA from fresh or frozen samples of 0.5 mL Gram-
negative bacterial cultures using the Gentra Puregene Yeast/Bact. Kit.

Things to do before starting:

Preheat water baths to 37°C for use in step 6, 65°C for use in step 18, and 80°C for use in

step 5 of the procedure.

Gram-negative bacterial cultures can be used either fresh or frozen. Typically, an overnight
culture contains 1-3 x 109 cells/mL. Due to the small genome size of Gram negative bacteria,
up to 3 x 109 cells may be used for the protocol. Thus, culture can either be used directly, or,
if necessary, concentrated by centrifuging. To concentrate, pellet 1 mL of overnight culture at
13,000-16,000 x g for 1 min. Remove the supernatant, leaving 200 uL residual fluid.
Thoroughly suspend the pellet in the residual fluid by pipetting up and down 10 times. Place

the sample on ice for immediate use or store frozen at —80°C.

Frozen bacterial samples should be thawed and equilibrated to room temperature (15-25°C)

before beginning the procedure.
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Procedure

1. Prepare an overnight culture and transfer 500 uL of the culture (containing approximately

0.5-1.5 x 109 cells) to a 1.5 mL microcentrifuge tube on ice.
2. Centrifuge for 5 s at 13,000—-16,000 x g to pellet cells.
3. Carefully discard the supernatant by pipetting or pouring.

4. Add 300 uL Cell Lysis Solution, and mix by pipetting up and down. Incubate sample at 80°C
for 5 min to lyse the cells. Samples are stable in Cell Lysis Solution for at least 2 years at room
temperature (15-25°C).

5. Add 1.5 yL RNase A Solution, and mix by inverting 25 times. Incubate for 15-60 min at
37°C.

6. Incubate for 1 min on ice to quickly cool the sample.
7. Add 100 uL Protein Precipitation Solution, and vortex vigorously for 20 s at high speed.
8. Centrifuge for 3 min at 13,000-16,000 x g.

The precipitated proteins should form a tight pellet. If the protein pellet is not tight, incubate

on ice for 5 min and repeat the centrifugation.

9. Pipet 300 pL isopropanol into a clean 1.5 mL microcentrifuge tube and add the supernatant
from the previous step by pouring carefully.

Be sure the protein pellet is not dislodged during pouring.
10. Mix by inverting gently 50 times.

11. Centrifuge for 1 min at 13,000-16,000 x g.

The DNA will be visible as a small white pellet.

12. Carefully discard the supernatant, and drain the tube by inverting on a clean piece of

absorbent paper, taking care that the pellet remains in the tube.
13. Add 300 pL of 70% ethanol and invert several times to wash the DNA pellet.
14. Centrifuge for 1 min at 13,000-16,000 x g.

15. Carefully discard the supernatant. Drain the tube on a clean piece of absorbent paper,

taking care that the pellet remains in the tube. Allow to air dry for 5 min.
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The pellet might be loose and easily dislodged. Avoid over-drying the DNA pellet, as the DNA

will be difficult to dissolve.

16. Add 100 uL DNA Hydration Solution and vortex for 5 s at medium speed to mix.

17. Incubate at 65°C for 1 h to dissolve the DNA.

18. Incubate at room temperature overnight with gentle shaking. Ensure tube cap is tightly

closed to avoid leakage. Samples can then be centrifuged briefly and transferred to a storage

tube.

Appendix 5. Preparation an Agarose gel and running buffer

1.

Pour a 50 mL aliquot of 10X Tris acetate electrophoresis buffer (TAE) stock solution
into a 1 Litre- measuring cylinder and make up to 1L by adding 950 mL of deionized
water. This will create a 1L stock of 0.5X TAE buffer.

Assemble a gel casting mold by attaching the red rubber stoppers to the two open
sides of a casting tray. Place the completed assembly on a flat surface. A good idea is
then to test the casting tray for leaks. Do not pouring a small aliquot of 0.5X TAE buffer
into the mold and observing for ‘leaks’

Weight out 0.8g of agarose into a clean 250mL bottle, add 150mL of your 0.5X TAE
buffer and gently ‘swirl’ to mix the agarose/TAE slurry.

Heat the slurry in a microwave until the agarose fully dissolves. Be careful, not to let
the slurry boil over. About 4 minutes on medium- high power should be sufficient.
When the solution has cooled sufficiently, approximately 55 °C add 15 L of SafeView
DNA stain dye (you will be given this) to the gel mixture. Gently swirl to mix in the dye,
and pour the gel solution into the gel casting tray. If needed, remove any bubbles that
may have formed with a clean pipette tip.

Place a gel comb into one of the slots at the top of the gel mold and leave the agarose
gel to set. Take care not to disturb the gel until it has set. The gel is set when it appears
milky white and translucent.

Once set, carefully remove the rubber stoppers from both ends of the mold

Transfer the whole gel try into an electrophoresis tank and fill the tank to just under the
max fill level with 0.5X TAE buffer.

Remove the comb from the gel, taking care not to break the wells. A demonstrator will

help you to do this if required.

10. Your gel now is ready to be loaded.
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