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Whole-genome sequencing of three extremophile Bacillus sp. 
strains isolated from the Atacama Desert
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ABSTRACT The Atacama Desert is home to bacteria that use biofilms as a means of 
protecting themselves against the harsh environment. To inform research regarding 
this survival mechanism, we cultured and sequenced the genomes of three Bacillus sp. 
isolates from Atacama Desert soil.
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T he Atacama Desert is one of the most ancient, most highly irradiated, and driest 
deserts in the world (1). Despite this, it is home to a variety of bacterial life. Bacteria 

in this region are shown to have developed adaptations to survive this harsh, irradiated 
environment such as high levels of pigment production and biofilm formation (2). In the 
past, most research addressing survival mechanisms in microbes from the Atacama have 
focused on archaea. We are studying how eubacteria have developed adaptations to 
survive in such a desert environment.

To study how biofilms impact bacterial survival, we started by culturing and isolating 
a variety of bacterial colonies from desert soil and screening for biofilm-forming isolates. 
Bacterial colonies were purified after plating 100 µL of a soil water slurry on Reason­
er’s 2A (R2A) agar medium and incubating plates at 28°C for 48–72 h. To identify the 
isolates, we performed 16S rRNA gene sequencing on the V3/4 variable regions using the 
following primers: 5′-CCTACGGGNGGCWGCAG-3′ and 5′-GACTACHVGGGTATCTAATCC-3′. 
Using National Society for Biotechnology Information (NCBI) BLASTN version 2.15.0, 
three Bacillus sp. were identified (3, 4). The Bacillus genus contains Gram-positive bacteria 
that are found throughout the environment, many of which are known to produce 
biofilms (5–10). To test biofilm formation, strains were grown at 37°C to OD600 = 1.0 in 
Luria–Bertani (LB) broth, and 2 µL of culture was spotted on LB agar plates supplemented 
with 1% glycerol and 0.1 mM MnSO4 (LBGM, biofilm-inducing medium) (11). Colony 
biofilms were incubated for 48 h (Fig. 1).

These Bacillus sp. were selected for further genomic analysis. Genomic DNA was 
isolated from 2-mL LB cultures prepared from single colonies using the Wizard Genomic 
DNA Purification Kit (Promega). DNA libraries were prepared using the Nextera XT library 
preparation kit (Illumina). Libraries were sequenced using the Illumina MiSeq System 
using the MiSeq Reagent V3 kit (2 × 300 cycles) (Illumina) at the Genomics Lab, Rochester 
Institute of Technology. Raw reads were trimmed using Trimmomatic Galaxy version 
0.38.1 (13). The quality of the trimmed reads was assessed using FastQC version 0.74+gal­
axy0 (14). Trimmed reads over 100 bp were assembled de novo using Unicycler version 
0.5.0+galaxy1 (15). Quality analysis was performed using Quast version 5.2.0+galaxy1 
(16). Quality assessments are outlined in Table 1. All programs used were run at default 
parameters unless otherwise noted. Analysis was performed using the Prokaryotic 
Genome Analysis Pipeline (PGAP) version 6.6 to reveal the read length and total number 
of genes, protein coding sequences, rRNAs, and tRNAs in each assembly (Table 1) (17–19). 
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PGAP filters out reads under 200 bp before assembly and analysis. Further analysis of the 
eps operon in each genome using NCBI BLASTN version 2.14.1+galaxy and taxonomy 
analysis by Automated Multi Locus Species Tree (autoMLST) showed that these three 
isolates were most closely related to Bacillus vallismortis and Bacillus mojavensis (3, 4, 20).
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DATA AVAILABILITY

The WGS projects for Bacillus subtilis strains 0102A, 0209A, and 0909A have been 
deposited in GenBank under BioProject number PRJNA1071648. Strain 0102A is 

FIG 1 Environmental strains isolated from the Atacama Desert form colony biofilms. Colony biofilms of 0102A (A), 0209A (B), 0909A (C), and 3610 (12), (D) grown 

on LBGM medium (11) after 48 h of incubation.
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deposited under BioSample number SAMN39706723 and SRA number SRR27839954. 
PGAP analysis can be found under accession number JBAIZW000000000. Strain 0209A 
is deposited under BioSample number SAMN39706724 and SRA number SRR27839953. 
PGAP analysis can be found under accession number JBAIZV000000000. Strain 0909A 
is deposited under BioSample number SAMN39706725 and SRA number SRR27839952. 
PGAP analysis can be found under accession number JBAIZU000000000.
The NCBI BLASTN webserver was used to identify the 0102A, 0209A, and 0909A 16 
s rRNA gene sequence. All programs found on the Galaxy platform can be found at 
usegalaxy.org.
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