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Abstract 

Previously, we reported an arsenic resistant bacterium Lysinibacillus sphaericus B1-CDA, 

isolated from an arsenic contaminated lands. Here, we have investigated its genetic 

composition and evolutionary history by using massively parallel sequencing and comparative 

analysis with other known Lysinibacillus genomes. Assembly of the sequencing reads 

revealed a genome of ~4.5 Mb in size encompassing ~80% of the chromosomal DNA. We 

found that the set of ordered contigs contains abundant regions of similarity with other 

Lysinibacillus genomes and clearly identifiable genome rearrangements. Furthermore, all 

genes of B1-CDA that were predicted be involved in its resistance to arsenic and/or other 

heavy metals were annotated. The presence of arsenic responsive genes was verified by PCR 

in vivo conditions. The findings of this study highlight the significance of this bacterium in 

removing arsenics and other toxic metals from the contaminated sources. The genetic 

mechanisms of the isolate could be used to cope with arsenic toxicity. 
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Introduction 

Worldwide various anthropogenic activities such as mining, chemical industries, use of 

arsenic-based pesticides, and natural occurrences continue to cause major environmental and 

health problems by releasing heavy metals into the soil and water alike [1], and exposing 

millions of people directly or indirectly to toxic metals including arsenic (As). Long-term 

exposure to As leads to skin diseases, such as hyper- and hypo-pigmentation, hyperkeratosis 

and melanosis, as well as gangrene, skin cancer, lung cancer and bladder cancer [2]. 

Poisoning occurs from drinking of contaminated water and/or consuming crops cultivated by 

irrigation with As-contaminated groundwater [3-5]. Studies by the Food and Agricultural 

Organization of the United Nations (FAO) indicate that arsenic is accumulated in different 

parts of the cultivated crops, such as the grain and straw of rice, a major staple food [6]. It is 

therefore important that we develop efficient, yet affordable, technologies to clean arsenic 

from soil and water. 

Remediation of toxic metal using microbes has been shown to be more proficient than 

physical and chemical methods [7]. In fact, bacteria have developed several metabolic 

processes and strategies to transform As, including respiratory arsenate reduction, 

cytoplasmic arsenate reduction and arsenite methylation [8]. Furthermore, certain bacteria 

have evolved the necessary genetic components that confer resistance mechanisms, allowing 

them to survive and grow in environments containing levels of As that would be toxic to most 

other organisms. The high-level resistance to As in bacteria is conferred by the arsenical 

resistance (ars) operon comprising either three (arsRBC) [9] or five (arsRDABC) genes 

arranged in a single transcriptional unit located on plasmids [10] or chromosomes [11]. ArsB, 

an integral membrane protein that pumps arsenite out of the cell, is often associated with an 

ATPase subunit, arsA [12]. The arsC gene encodes the enzyme for arsenate reductase, which 

is responsible for the biotransformation of arsenate [As(V)] to arsenite [As(III)] prior to 



efflux. ArsR is a trans-acting repressor involved in the basal regulation of the ars operon, 

while arsD is a second repressor controlling the upper levels of expression of ars genes [13]. 

Several researchers have studied As transformation mechanisms using genetic markers such 

as arsB and arsC genes in the ars operon for arsenic resistance [12, 14], the arrA gene for 

dissimilatory As(V) respiration (DAsR) [15-17], and the aoxB gene for As(III) oxidation [18-

19]. Moreover, some studies detected that in spite of clear evidence of the As-transforming 

activity by microorganisms, no amplicon for arsenite oxidase (aoxB) or As(V) respiratory 

reductase (arrA) was attained using the reported polymerase chain reaction (PCR) primers and 

protocols [17, 20-21]. Here we report a bacterial strain, Lysinibacillus sphaericus B1-CDA as 

potential candidate for heavy metal bioremediation. This bacterial strain was isolated from 

cultivated land in the Chuadanga district of Bangladesh, where soil, sediment, and ground 

water have been contaminated with arsenics for many years. 

In this study, we provide in vivo findings of potential arsenic responsive genes in B1-CDA 

and summarize a set of phenotype features for Lysinibacillus sphaericus B1-CDA, together 

with a description and annotation of its genome sequence. To improve our understanding of 

genes involved in metal binding activity and reduction of metal by the B1-CDA strain, we 

performed massively parallel genome sequencing to investigate the metal responsive genes, 

predicted by RAST and/or Blast2GO. Employing comparative analyses with other available 

Lysinibacillus genome sequences, we investigated genetic composition and evolutionary 

history of strain B1-CDA and characterized the genetic differences among the various 

lineages to understand the evolutionary processes involved in shaping the genomes of these 

bacteria. 

 

 

 

 

 

 



Methods 

 

 

Strain isolation  

 

The soil samples were collected from cultivated land in the Chuadanga district of Bangladesh, 

a highly arsenic-contaminated region located in the south-west region of this country. The soil 

was collected from the surface at 0-15 cm in depth, retained in plastic bags and kept at 4°C 

until further analysis. Isolation of bacteria from the collected soil, the characterization of the 

soil samples and the content of metal ions has been described previously [22]. Previously, we 

have reported that the strain Lysinibacillus sphaericus B1-CDA is highly resistant to arsenic 

and it accumulates arsenic inside the cells [22]. 

 

 

Genomic DNA extraction and electrophoresis 

Genomic DNA was extracted from the isolate, B1-CDA using Master pure™ Gram positive 

DNA purification kit (Epicentre, USA) with a minor modification. Bacteria were cultured in 

Luria Bertani (LB) medium and pellets were collected from 1.0 ml of bacterial cultures by 

centrifugation at 8000 rpm for 10 min. The pellets were resuspended in TE buffer (10 mM 

Tris- HCl, 1 mM EDTA [pH 8.0]) containing lysozyme (50 mg/ml) and RNase (50 mg/ml) 

and incubated at 37°C for 2 h. The suspension was then mixed with proteinase K (50 μg/μl) 

and the cells were lysed following incubation at 65-70°C for 15 minutes. Protein precipitation 

solution was added to remove the proteins, and the DNA was precipitated with isopropanol 

and washed with 70% ethanol. The DNA was resuspended in TE buffer and quantified by 

Nanodrop® ND-1000 Spectrophotometer (Saveen Werner, USA).  

Agarose gel electrophoresis was performed based on the established protocol [23]. The gel 

was prepared with 0.8% agarose in 1X TAE buffer. The Saccharomyces cerevisiae 

chromosomal DNA (Bio-Rad, USA) was used as the size standard to estimate the molecular 

weight of the L. sphaericus B1-CDA chromosome. 



Primer design and PCR amplification of arsenic-responsive genes 

Primers were designed based on the multiple sequence alignment of target genes in a variety 

of arsenic resistant bacilli. Sequences of the arsR gene from 25 Bacillus species were 

randomly selected from GenBank. The multiple sequences of the arsR genes were aligned by 

ClustalW [24] in order to find the longest region of conserved homology. Seven bacterial 

strains exhibiting highest homology to the conserved region with each other were chosen for 

designing PCR primers. Two degenerate primer pairs were used to amplify the As marker 

genes arsB [12] and arsC [14]. Primers for the acr3 gene were designed by using the 

Primer3Plus web tool [25]. PCR amplification of arsenic-related marker genes was performed 

by using bacterial genomic DNA as a template. All PCR reaction mixtures contained 

approximately 50 ng DNA template, 1X PCR buffer, 0.2 mM of each deoxyribonucleoside 

triphosphate, 0.5 mM of each primer and 1 U Taq DNA polymerase in 50 µl volume. 

Amplifications were performed in a piko thermal cycler (Finzymes). Cycling conditions for 

all PCRs consisted of 5 min of denaturation at 95°C followed by 34 cycles of 1 min of 

denaturation at 95°C, 45 s of annealing at 57.7°C and primer extension at 72°C for 1 min of 

each Kb product size. This was followed by a final extension reaction at 72°C for 10-15 min. 

PCR products were purified with a QIAquick gel extraction kit (Qiagen, Cat No 28706).  

 

Genome sequencing  

Sequencing of the genomic DNA of Lysinibacillus sphaericus B1-CDA was performed by the 

Otogenetics Corporation (GA, USA). Purified 0.5-1 µg of genomic DNA sample was sheared 

into smaller fragments with a Covaris E210 ultrasonicator. Genomic DNA library was 

constructed by using the NEB library preparation kit (New England Biolabs) for the Illumina 

sequencer with a single sequencing index and sequencing was performed with the help of 

HiSeq2500 PE100 read format. Properly paired reads (≥30bp) were extracted from the 



corrected read pool and the remaining singleton reads were combined as single-end reads. 

Both corrected paired-end and single-end reads were used in the subsequent de novo 

assembly. 

 

Genome assembly  

The genome assembly started with Illumina 100-bp paired-end reads of genomic DNA with 

insert length 300 bp. The read quality was checked by using FastQC, version 1.10.1 [26]. The 

raw reads were quality trimmed and corrected using Quake version 0.3.4 [27]. Properly paired 

reads of length 30 bp were selected from the pool of corrected reads and the remaining 

singleton reads were considered as single-end reads. Both the paired-end and single-end 

corrected reads were then used in k-mer-based de novo assembly employing SOAPDenovo, 

version 2.04 [28]. The set of scaffolds with largest N50 was identified by evaluating k-mers in 

the range 29-99. The optimal scaffold sequences were further subjected to gap closing by 

utilizing the corrected paired-end reads. The resulting scaffolds of length 300 bp were 

chosen as the final assembly. The scaffolds were ordered by finding the location of the best 

Blastn hit for each scaffold on the reference genome Lysinabacillus sphaericus C3-41. A total 

of 31 scaffolds were used for prediction of the genome size and it was performed by 

following the Mauve Contigs Mover (http://darlinglab.org/mauve/user-

guide/reordering.html).  

 

 

Phylogenetic inference of Lysinibacillus sp. 

 

In this study, a phylogenetic tree was inferred from the 16S rRNA genes of B1-CDA and 

other related bacteria [29] by using the Neighbor-Joining method [30] presented in the 

MEGA6 software [31]. The analysis involved nucleotide sequences from 27 bacteria in the 



Bacillaceae family. The evolutionary distances were computed using the Kimura 2-parameter 

method [32] in the units of the number of base substitutions per site, including all codon 

positions (1st, 2nd, 3rd and noncoding). Positions with < 95% site coverage were eliminated, 

thereby allowing fewer than 5% alignment gaps, missing data, and ambiguous bases at any 

position. There were a total of 1227 positions in the final dataset. 

 

Comparative analysis with other Lysinibacillus genomes  

 

To study genome rearrangements in Lysinibacillus and related bacteria, the progressive 

MAUVE algorithm in the MAUVE genome alignment software version 2.3.1 [33] was 

employed. The main purpose of using this method was to compare the possible 

rearrangements that may occur in L. sphaericus B1-CDA [GenBank accession number 

PRJEB7750, http://www.ebi.ac.uk/ena/data/view/PRJEB7750], L. sphaericus OT4b.31 

[accession number AQPX00000000] and L. sphaericus C3-41 [accession number 

CP000817.1]. A nucleotide-based dot plot analysis was performed with the Gepard software 

[34] to compare the 4.09 Mbp chromosomal scaffolds of L. sphaericus B1-CDA with the 4.6 

Mbp chromosome of L. sphaericus C3-41 and the genome rearrangements were studied. 

 

Gene prediction and annotation of metal resistant genes  

 

Circular plot of ordered contigs of B1-CDA was generated with DNAPlotter [35] to predict 

the graphical map of the genome. The assembled genome sequence was annotated with Rapid 

Annotations using Subsystems Technology, RAST [36]. The RAST analysis pipeline uses the 

tRNAscan-SE to predict tRNA genes [37] and the GLIMMER algorithm to predict protein-

coding genes [38]. In addition, it uses an internal script for identification of rRNA genes [36]. 

It then infers putative function(s) of the protein coding genes based on homology to already 

known protein families in phylogenetic neighbor species. Finally, RAST identifies 



subsystems represented in the genome, and uses this information to reconstruct the metabolic 

networks. The GeneMark [39] and the FGenesB [40] algorithms were applied for verification 

of the RAST results obtained in prediction of protein coding genes. Prediction of rRNA genes 

was also done through the RNAmmer prediction server version 1.2. [41]. Annotation of all 

genes that were predicted to be metal responsive was manually curated, with a particular 

focus on genes responsive to As. Functional annotation analysis was also carried out by the 

Blast2GO pipeline [42] using all translated protein coding sequences resulting from the 

GeneMark. In Blast2GO the BlastX option was chosen to find the closest homologs in the 

non-redundant protein databases (nr), followed by employing Gene Ontology (GO) 

annotation terms [43] to each gene based on the annotation of its closest homologs. An 

InterPro scan [44] was then performed through the Blast2GO interface and the InterPro IDs 

merged with the Blast-derived GO-annotation for obtaining integrated annotation results. The 

GO annotation of all putative metal responsive genes was manually curated. 

 

Results and discussion 

 

 

Detection of arsenic marker genes 

Several studies have used genetic markers to study As transformation mechanisms [9, 12, 14-

19]. In this study, we present a genetic mechanism for As resistance and As transformation in 

the bacterial isolates. This mechanism was examined via PCR amplification of As responsive 

genes. The strain B1-CDA was found to harbor acr3, arsR, arsB and arsC arsenic marker 

genes (Supplementary Figure 1). The arsC gene consists enzyme for arsenate reductase, 

which is responsible for the biotransformation of arsenate [As(V)] to arsenite [As(III)] prior 

to efflux. ArsB, an integral membrane protein that pumps arsenite out of the cell, is often 

associated with an ATPase subunit, arsA [12]. It is hypothesized that the arsB/acr3 genes are 

the primary determinants in arsenite resistance [12]. These genetic mechanisms of the isolate 



could be used to cope with arsenic toxicity. Such mechanisms could comprise arsenite 

methylation that results in volatile products which having very less toxicity that escape from 

the cells [45].  

 

Sequencing and de novo genome assembly 

 

A total of 11,105,899 pairs of reads were generated by Illumina deep sequencing. Analysis of 

the raw reads with FastQC showed that the average per base Phred score was ≥32 for all 

positions and that the mean per sequence Phred score was 38. The overall GC content was 

38%. After removal of the TruSeq adaptor sequence (which was found in 13,435 reads, 

0.12%) and error correction and trimming done by using the Quake software, 10,940,654 read 

pairs (98.5%) and 145,888 single end sequences remained for further analysis. Trimming was 

performed as the trimming of sequences is an important step for improving mapping 

efficiency. SOAPDenovo was utilized to perform de novo assembly optimization with the 

error corrected reads. The set of scaffold sequences with maximal N50 (507,225 bp) was 

produced at k-mer 91. The corresponding scaffold sequences were subjected to gap closure 

using the corrected paired-end reads and the resulting set of scaffolds (≥300 bp) was defined 

as the final assembly. The final assembly consists of 31 scaffolds, with lengths ranging from 

314 bp to 1,145,744 bp, resulting a total length of 4,509,276 bp. It contained only 25 bp of 

unknown nucleotides, i.e. the error rate was less than 1 in 1,000,000. The summary of the 

genome with nucleotide content and gene count levels are described in Table 1.  

 

Phylogenetic analysis 

 

Peña-Montenegro and Dussán [29] evaluated phylogenetic tree with native Bacillaceae 

isolates along with Lysinibacillus sphaericus OT4b.31, a heavy metal tolerant bacterium. 

Strains of L. sphaericus can be divided into seven DNA similarity subgroups (I–VII), with a 



clear separation between the groups I-V and groups VI-VII [29, 46]. Phylogenetic analysis 

based on 16S ribosomal RNA gene sequences did not place our strain L. sphaericus B1-CDA 

into any of the existing DNA similarity groups (Figure 1). The placement of L. sphaericus 

B1-CDA in the phylogeny does, however, indicate higher similarity to groups I-V than to 

groups VI-VII. In agreement with earlier studies [29, 46] Bacillus silvestris was also placed 

between groups I-V and groups VI-VII. This indicated that B1-CDA could also belong to B. 

silvestris but based on the branch lengths it was confirmed that B1-CDA belongs to the 

species L. sphaericus rather than B. silvestris.  

 

Comparative genome analysis 

 

Using the Gepard dot plot software [34] and progressiveMauve from the Mauve software 

[33], we compared the chromosomal assembly of B1-CDA with that of the L. sphaericus C3-

41 and L. sphaericus OT4B.31. The alignment of B1-CDA, L. sphaericus C3-41 and L. 

sphaericus OT4B.31 showing the same chromosomal rearrangement but B1-CDA consists 

mostly the inversions with L. sphaericus C3-41 and L. sphaericus OT4B.31 (Figure 2A). The 

chromosomal alignments of L. sphaericus C3-41 and L. sphaericus OT4B.31 are about to 

identical (Figure 2A). The dot plot was performed with B1-CDA and L. sphaericus C3-41 

since L. sphaericus OT4B.31 and L. sphaericus C3-41 were similar. The dot plot shows that 

the genome rearrangements consist mostly of inversions (Figure 2B). There are large 

segments of high similarity when most parts of the two chromosomes are mapped onto each 

other. However, a region comprising around 3 Mbp in the C3-41 chromosome and the contigs 

15 to 19 in the B1-CDA chromosomal scaffold were somewhat scattered in the dot plot, 

revealing lower similarity levels and different syntenial relationships to the reference 

sequence.  

 

Gene predictions 

 



Prediction of tRNA-, rRNA- and protein coding genes were performed through the RAST 

server. The graphical map of the genome and the locations of all predicted genes are shown in 

the circular genome plot in Figure 3. The search by tRNAscan-SE (which is the first step in 

the RAST pipeline) located 77 tRNA genes. A confirmatory scan with the algorithm 

ARAGORN [47] predicted the identical number, and all predictions overlapped in location, 

although with slight variation regarding the start or end point for a few genes. The predictions 

included tRNAs for 19 amino acids, ranging in number from one gene for the cysteine tRNA 

to six genes for the arginine and glutamic acid tRNAs. The only tRNA gene missing in these 

predictions was for the amino acid serine. However, three pseudo-tRNA genes were 

predicted, and two of these contained anticodons for serine. In an ARAGORN scan the total 

number of predicted tRNA genes in L. sphaericus B1-CDA was 77, which was similar to that 

(83) predicted in the genome of L. sphaericus C3-41.  

The rRNA prediction in RAST resulted in 11 rRNA genes, including seven 5S, one 16S and 

three 23S genes. Whereas, another related strain Lysinibacillus sphaericus C3-41 containing 

31 rRNA genes, including eleven 5S, ten 16S and ten 23S genes. Due to the surprisingly low 

number of 16S and 23S genes, RNAmmer [41] scans were performed on the genomes of L. 

sphaericus B1-CDA as well as two unrelated bacteria (Enterobacter cloacae and Salmonella 

bongori). The results of these scans were compared to each other prior to making any 

conclusion. These results confirmed that the L. sphaericus B1-CDA genome seems to contain 

approximately the same number of 5S rRNA genes as the other bacteria, but substantially 

fewer 16S and 23S rRNA genes. Previously, Pei et al. [48] have shown 143 bacterial species 

contain only a single 16S rRNA whereas Pei et al. [49] have shown 184 genomes had a 

median of 4.57 23S rRNA genes/ genome (range 1 to 15). Therefore, the lower number of 

16S- and 23S rRNA is not an uncommon feature of bacterial genome.  



For prediction of the protein coding genes, RAST uses the GLIMMER algorithm [38]. A total 

of 4513 protein coding genes were predicted using GLIMMER algorithm), of which 2671 

could be annotated by RAST’s automated homology analysis procedure and assigned to 

functional categories (Figure 4). For confirmation of the number of protein coding genes, the 

GeneMark [39] and FGenesB [40] algorithms were also applied, yielding 4562 and 4323 

genes, respectively. We observed that L. sphaericus B1-CDA contains many specific metal 

resistant genes, such as arsenic, nickel, cobalt, iron, manganese, chromium, cadmium, lead 

and zinc (Table 2). Further, the functional annotation carried out by the Blast2GO pipeline 

also indicates that B1-CDA contains many genes which are responsive to specific metal ions 

like arsenic, cobalt, copper, iron, nickel, potassium, manganese and zinc. (Table 2).  The 

annotations by RAST and Blast2GO remind in agreement. Prediction by RAST and Blast2GO 

(Supplementary Table 1) revealed that the B1-CDA genome contains additionally a total of 

123 proteins which are involved in binding and transport of metal ions. This prediction also 

indicated that B1-CDA contains many other proteins (approximately 30) that catalyze binding 

and transport of the metal ions such as metalloendopeptidase, metalloexopeptidase, 

metallopeptidase, metallocarboxypeptidase and metallochaperone (Supplementary Table 2). 

Overall statistics of the Blast hits in the Blast2GO annotation process confirmed assignment 

of the new bacterium as L. sphaericus, since this was the most frequent species in the overall 

list of protein homologs (Figure 5). The functional assignment of genes into subsystem 

categories by RAST was compared between B1-CDA and C3-41 (Figure 5). The large 

categories of “housekeeping” genes, such as those coding for amino acids, carbohydrates, 

RNA metabolism, generally contained very similar numbers of genes in the two genomes. 

By using InterPro [44] the arsenic responsive genes of B1-CDA genome were compared with 

the genomes of validly named and sequenced species of Lysinobacter as well as with other 

closely related arsenic tolerant or resistant species. These results are presented in Table 3. All 



seven analyzed genes of B1-CDA showed very high similarity with the genes of other 

Lysinibacillus species. The minimum identity level (97%) was observed in the arsC gene 

(arsenic reductase) of Lysinibacillus fusiformis, whereas the highest similarity (100%) in the 

arsC gene (arsenate reductase regulatory protein Spx) of Lysinibacillus sphaericus C3-41. 

 

The origin of replication was estimated to be located in the region between 4.3 and 4.4 Mbp, 

based on homology search in the DoriC database ver 5.0 [50]. There were significant hits to 

both L. sphaericus oriC regions on scaffold 7. The first covers 772 of the 972 nucleotides of 

ORI92310378, with 94% identities (and 105 of the remaining nucleotides also match with 

94% id 84 bp further downstream), while the second covers 167 of the 170 nucleotides of 

ORI92310377, again with 94% identities. The corresponding region in the full sequence of 

the ordered contigs is 4,303,598 – 4,302,608 bp. In the prediction and annotation of genes, 

RAST predicted the chromosomal replication initiator protein DnaA at location 4,303,961 – 

4,302,612. Several other replication-related genes were predicted in the near vicinity, such as 

DNA gyrase subunit A (at bp 4,297,795 – 4 295 330) and subunit B (at bp 4,299,7554 – 

4,297,821), as well as the DNA recombination and repair protein RecF (at bp 4,300,964 – 

4,299,849). 

 

Conclusions  

The native strain Lysinibacillus sphaericus B1-CDA, isolated from a cultivated land, was 

characterized and found to be a metal including arsenic resistant bacterium. A comparison of 

the genomic sequences of strains B1-CDA with L. sphaericus C3-41 and L. sphaericus 

OT4B.31 demonstrated the presence of only a few similar regions with syntenial 

rearrangements. By using RAST and Blast2GO analyses we have found genes responsive to 

several metals such as arsenic, nickel, cadmium, iron, manganese, chromium, cadmium, lead, 



cobalt, zinc, silver and mercury. Therefore, our findings in this study may be useful in 

bioremediation of toxic metals like arsenic, nickel, cadmium, iron, manganese, chromium, 

cadmium, lead, cobalt, zinc, and silver mercury in polluted environments. In conclusion, our 

study demonstrates that it is possible to speed up molecular biology research by using 

bioinformatics tools. 
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Figure legend 

 

Figure 1. Phylogenetic tree depicting the position of Lysinibacillus sphaericus B1-CDA 

relative to the available type strains and other non-assigned species within the family 

Bacillae. The percentage of replicate trees in which the associated taxa clustered together in 

the bootstrap test (500 replicates) is shown next to the branches. 

Figure 2. (A) Nucleotide-based alignment of a 4.5 Mbp chromosomal assembly of L. 

sphaericus B1-CDA (upper) to a 4.6 Mbp chromosome of L. sphaericus C3-41 (middle) and 

4.09 Mbp chromosome of L. sphaericus OT4b.31 (lower). A total of 27 homologous blocks 

are shown as identically colored regions and linked across the sequences. Regions that are 

inverted relative to L. sphaericus B1-CDA are shifted to the right of center axis of the 

sequence. (B) Dot plot of nucleotide sequences of L. sphaericus B1-CDA (x-axis) and L. 

sphaericus C3-41 (y-axis). Aligned segments are represented as dots, with regions of 

conservation appearing as lines. 

Figure 3. Circular plot of ordered contigs, generated with DNAPlotter. Tracks indicate (from 

outside inwards) predicted protein coding genes on forward strand (light blue) and reverse 

strand (dark blue), metalloproetin genes (red) listed in Table 2, tRNA and rRNA genes (both 

green), origin of replication (black), GC content and GC skew. 

Figure 4. RAST analysis of genes connected to subsystems and their distribution in different 

functional categories.  

Figure 5. Schematic representation of species distributions for the homologous proteins 

found by BlastP in the Blast2GO annotation process. 


