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We recently isolated a Pseudomonas sp. strainW15Feb9B fromOchlockonee River, Florida and demonstrated po-
tent biodegradative activity against two commonly used pesticides - Alachlor [(2-chloro-2′,6′-diethylphenyl-N
(methoxymethyl)acetanilide)] and Endosulfan [(6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-hexahydro-
6,9methano-2,3,4-benzo(e)di-oxathiepin-3-oxide], respectively. To further identify the repertoire of metabolic
functions possessed by strainW15Feb9B, a draft genome sequence was obtained, assembled, annotated and an-
alyzed. The genome sequence of strain 2385 has been deposited in GenBank under accession number
JTKF00000000; BioSample number SAMN03151543. The sequences obtained from strain 2385 assembled into
192 contigs with a genome size of 6,031,588, G + C content of 60.34, and 5512 total number of putative genes.
RAST annotated a total of 542 subsystems in the genome of strain W15Feb9B along with the presence of 5360
coding sequences. A genome wide survey of strainW15Feb9B indicated that it has the potential to degrade sev-
eral other pollutants including atrazine, caprolactam, dioxin, PAHs (such as naphthalene) and several
chloroaromatic compounds.

Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. Text

On a global scale, both endosulfan [(6,7,8,9,10,10-hexachloro-
1,5,5a,6,9,9a-hexahydro-6,9methano-2,3,4-benzo(e)di-oxathiepin-3-
oxide] and alachlor [(2-chloro-2′,6′-diethylphenyl-N
(methoxymethyl)acetanilide)], are two widely used pesticides that are
used to enhance agriculture productivity. In fact, worlwide estimates
shown that about three million metric tons of pesticides are applied
each year [1]. Environmental risk assessment studies have demonstrat-
ed that exposure to Endosulfan could result in both acute and chronic
risks in non-target animals, mainly birds,fish andmammals [2]. Accord-
ing to the World Health Organization (WHO) estimates, three million
people are poisoned by pesticides every year [3].

Once released into the environmental, pesticides can be microbially
degraded given that favorable conditions are present that facilitate bio-
degradation.We previously isolated bacteria with the ability to degrade
both endosulfan and alachlor using standard enrichment techniques
ense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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containing these pesticides as the sole source of carbon and energy [4].
This resulted in the isolation of several potent pesticide degrading
strains among which, Pseudomonas sp. strain W15Feb9B emerged as a
potent biodegradative strain; it degraded 55% and 93% of the spiked Al-
achlor and Endosulfan, respectively [4]. Pseudomonads are widely-dis-
tributed bacteria colonizing soils, water and even serving as the
significant constituents of animal or plant host microbiome by playing
important roles. Additionally, Pseudomonads are extremely important
for their abilities in the biodegradation and biotransformation of bio-
genic and xenobiotic pollutants and thus possess immense potential
for a variety of biotechnological applications. Here we report analysis
of the draft genome sequence of strain W15Feb9B to further catalog
the plethora of relevant traits that this strain might possess.

Briefly, genomic DNAwas extracted from strainW15Feb9B and pre-
pared for sequencing on an IlluminaHiSeq2000 instrument as described
previously [5]. The genome was de novo assembled using paired-end
reads using the software package CLC Genomics Workbench V6.0
(CLCbio, Cambridge, MA). Contigs were then annotated and genes pre-
dicted by IMG ER [6], RAST [7] and the Prokaryotic Genomes Automatic
Annotation Pipeline (PGAAP), version 2.0, available from NCBI. As
Fig. 1. Circular genomemap of Pseudomonas sp. strainW15Feb9Bwith the first (outermost) and
strands, respectively. The second and third rings show the locations of protein coding, tRNA, an
content with the peaks extending towards the outside of the circle representing GC content abo
GC content lower than the genome average. The innermost plot depicts GC skew. Both base co
shown in Fig. 1, using CGView [8], a circular genomic mapwas obtained
from the assembled 192 contigs of strain W15Feb9B exhibiting a ge-
nome size of 6,031,588 (G + C content 60.34 and N50 of 156,427
bases) and 5512 total number of putative genes, 2 copies of the 16S, 2
copies of the 23S, and 52 trRNA genes, respectively.

A genome-wide analysis of strainW15Feb9B revealed approximate-
ly 79.86% protein coding genes associating with function prediction,
29.3% genes were found connected to KEGG pathways and 72.48%
genes associated with clusters of orthologous groups of proteins
(COGs).We then selected the genome sequences of a total of 1210 Pseu-
domonads that are available in the IMG/ER to run comparative analysis
of strain W15Feb9B, which revealed that it clustered closely with the
Pseudomonas fluorescence group (data not shown). We then selected a
cohort of closely related Pseudomonads, especially those with
biodegradative traits, and performed a hierarchical clustering analysis
based on the presence of categories of genes and genomes from KEGG
(Kyoto Encyclopedia of Genes andGenomes). As shown in Fig. 2, this re-
vealed that strain W15Feb9B was closely related to Pseudomonas ant-
arctica BS2772 and Pseudomonas fluorescence ATCC13525. Other
related groups to strain W15Feb9B belonged to the well-known
fourth rings depicting COG categories of protein coding genes on the forward and reverse
d rRNA genes on the forward and reverse strands, respectively. The black plot depicts GC
ve the genome average, whereas those extending towards the centermark segments with
mposition plots were generated using a sliding window of 50,000 nt.



Fig. 2.Hierarchical clustering analysis based phylotree of strainW15Feb9B (identified using the arrow) along with a cohort of other Pseudomonads possessing biodegradative traits. The
treewas generated based on the presence of the KEGG (Kyoto Encyclopedia of Genes andGenomes) category of genes present in the selected Pseudomonads. the selected Pseudomonads.
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biodegradative strains from the Pseudomonas aeruginosa and Pseudomo-
nas putida clades, respectively.

Fig. 3 shows a plethora of functional traits identified in strain
W15Feb9B connected with KEGG pathways. Of major note are a total
of 186 genes identified for energy metabolism, (5.83% of its total ge-
nome) along with 68 genes for xenobiotics biodegradation and metab-
olism (2.13% of its total genome). Other examples of biodegradative
genes found in strainW15Feb9B include those involved in the pathways
for the degradation of toluene, xylene and PAHs, chloroalkane,
chloroalkene and nitrotoluene, respectively.

Additionally, a total of 3995 protein coding genes associated with
COGs in strain W15Feb9B were found with further classification into
24 categories. The following 5 most abundant COG subsystems in strain
W15Feb9Bwere related to: amino acid transport and metabolism (n=
487); general function prediction only (n = 411); transcription (n =
393); signal transduction mechanisms (n = 304); cell wall/mem-
brane/envelope biogenesis (n = 279). The strain also contains 22 bio-
synthetic gene clusters containing 373 genes; a total of 6.77% of the
total genome size of strain W15Feb9B. These findings suggest Pseudo-
monas sp. strain W15Feb9B to harbor various genome-enabled meta-
bolic and catabolic processes.

Furthermore, recent body of data originating from whole genome
sequencing studies has demonstrated that bacterial genomes consist
of a core set of genes that encode for essential metabolic functions,
along with a plethora of acquired genes from the bacterium's natural
environment by horizontal gene transfer (HGT) mechanisms, providing

Image of Fig. 2


Fig. 3. Functional traits identified from the whole genome sequence of Pseudomonas sp. strain W15Feb9B that were found connected with KEGG pathways. The figure was prepared by
analysis of the whole genome using IMG/ER and plotting the data using Microsoft Excel.

Fig. 4. Putative genomic islands (GEIs) predictedwithin the genome of Pseudomonas sp. strainW15Feb9B when aligned against the complete genome of Pseudomonas fluorescensA506 as
the reference. The outer black circle represents the scale line inMbps and the black zig-zag line plot delineates each of the 192 contigs identified from strainW15Feb9B. GEIs obtained from
each of the following methods are shown in color: SIGI-HMM (orange), IslandPath-DIMOB (blue), and integrated detection (red), respectively.
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the host with evolutionary adaptive traits and genome plasticity. Many
such HGT-acquired accessory genes occur as orthologous blocks re-
ferred to as genomic islands (GEIs) [9]. GEIs have beenmainly attributed
to render virulence or antibiotic resistance to the host bacteria, but ge-
nome sequencing studies have also identified other adaptive functional
traits brought about by GEIs to the host bacterium. As a result, GEIs are
now broadly classified into 4 categories based on their associated func-
tions - pathogenicity islands (PAIs), harboring virulence genes; meta-
bolic islands (MIs), genes for the biosynthesis of secondary
metabolites; resistance islands (RIs), resistance genes, for example,
against antibiotics; and symbiotic islands (SIs), that facilitate symbiotic
associations of the host with other micro- and macroorganisms.

We used Island Viewer to identify genomic islands (GEIs) (http://
www.pathogenomics.sfu.ca/islandviewer/) [10] in strainW15Feb9B. Is-
land Viewer predicts GEIs integrating two widely used sequence com-
position based GEI prediction methods - SIGI-HMM and IslandPath-
DIMOB along with a comparative GEI prediction method - IslandPick.
Specifically, SIGI-HMM is a sequence composition based GEI prediction
methodwhich uses HiddenMarkovModel (HMM) andmeasures codon
usage to identify possible GEIs and IslandPath-DIMOB visualizes several
common characteristics of GEIs that include abnormal sequence compo-
sition or the presence of genes known to correspond tomobile genomic
elements. Interestingly, a total of 44 genomic islands were identified
from within the genome of Pseudomonas sp. strain W15Feb9B when
aligned against the complete genome sequence of Pseudomonas
fluorescens A506 as the reference (Fig. 4). When GEI-encoded gene ho-
mologues were studied by BLAST, several of them closely affiliated
with genes previously shown active in catabolic processes, providing a
strong evidence that the GEIs were horizontally acquired by strain
W15Feb9B from other biodegradative bacteria to facilitate survival in
its native environment.

3. Nucleotide sequence accession number

The draft genome sequence of Pseudomonas sp. strainW15Feb9B ob-
tained in this study is available in GenBank under the accession number
of JTKF00000000.
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