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Genome Announcement

Pseudomonas nitroreducens HS-18 isolated from oil contaminated-soil samples in
Guangzhou, China was shown to produce multiple substrate-inducible quorum-quenching
(QQ) enzymes for effective degradation of N-acyl-homoserine lactones (AHL) and diffusible
signal factor (DSF) molecules, which represent two families of widely conserved bacterial
quorum sensing (QS) signals. HS-18 showed a promising potential in biocontrol of the DSF
or AHL-dependent phytopathogens due to its remarkable QQ ability. Here, we report the
whole-genome sequence of strain HS-18. Genomic analysis revealed that strain HS-18 con-
tains one circular chromosome of 6,493,503 bp in length and one circle plasmid of 101,450
bp. The confirmed DSF QQ genes digA, digB, digC, digD encoding fatty acyl-CoA ligases
and confirmed AHL QQ genes aigA, aigB, aigC encoding AHL acylases were all found
located in the chromosome. The findings from this study will provide valuable information for
further exploitation of this useful biocontrol agent and for unveiling the detailed QQ regulatory
mechanisms.

QS is a cell-to-cell communication mechanism utilized by microorganism to regulate their
adaptability to changing environmental conditions and pathogenicity on various host organisms
(Mukherjee and Bassler 2019). Bacterial cells produce, release, and perceive QS signals to
coordinate community activities through modulation of the transcriptional expression of a large
set of target genes. AHL and DSF represent two families of widely conserved QS signals
(Zhang and Dong 2004; Zhou et al. 2017). Given its important role in regulation of bacterial viru-
lence, a strategy known as QQ aimed at blocking bacterial QS communications was proposed
and shown to be an efficient therapy to control QS-dependent bacterial infections (Ahator and
Zhang 2019; Zhang 2003). Pseudomonas nitroreducens HS-18 was recently identified with a
highly efficient DSF degradation capacity (Wang et al. 2020), which has also been found to
have AHL signal-degrading properties. The complete genome analysis confirmed the multi-QQ
properties of this strain. To uncover the regulatory mechanisms that govern AHL- or DSF-
inducible QQ and to further explore the application potential of this useful biocontrol agent, the
genome sequence information of strain HS-18 would be of critical importance.
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Table 1. Genome statistics of Pseudomonas nitroreducens HS-18

Feature Chromosome
Genome size (bp) 6,594,953

G+C content (%) 65.47

Total genes 6090

Plasmid 1

Transfer RNAs 67

Ribosome RNAs 16

Small RNAs 16

Prophage 5

Genomic islands 14

CRISPRs 1

GenBank accession CP084413-CP084414

Here, we report the complete genome sequence information of strain HS-18. Strain
HS-18 was cultured overnight at 30°C in 50 ml of Luria Bertani broth, with shaking at 200 rpm.
The cells were harvested by centrifugation and genomic DNA of strain HS-18 was extracted,
using the EasyPure bacteria genomic DNA kit (Transgene Biotech). A Qubit 2.0 fluorometer
(Life Technologies) and NanoDrop 2000 UV-Vis spectrophotometer (Thermo Scientific) were
applied to determine the quantity and quality of the extracted genomic DNA sample. Then,
the DNA sample was subjected to complete genome sequencing at Beijing Novogene
Bioinformatic Technology Co., Ltd., using lllumina PE150 platform sequencing technolo-
gies with 350-bp small-fragment library of strain HS-18 genomic DNA and using PacBio
sequencing technologies with a 10 Kb single molecule real-time (SMRT) Bell library of
strain HS-18 genome DNA. The short reads from lllumina PE150 were obtained to coun-
ter the error-prone long reads produced by PacBio.

Sequencing yielded 1,362,105,628 bp of high-quality long-read sequence (clean data)
(sequence depth >200x) comprising 190,859 reads with a mean read length of 7,137 bp. The
genome was assembled using SMRT Link v5.0.1 and was optimized, using arrow software of
SMRT Link v5.0.1, to gain a high-quality contig without gaps (Ardui et al. 2018). The optimized
assembly was taken as the reference genome, and lllumina sequencing reads were used to
align to the reference genome, using bwa-0.7.8 for further correction. lllumina sequencing
reads were quality-filtered (quality score >20, 4 < read depth <1,000). Circularization correc-
tions were performed by searching the overlap of the beginning and the end sequences of the
corrected assembly results. The coding genes were predicted using GeneMarkS (version
4.17) (Besemer et al. 2001). Repeat sequences were analyzed by RepeatMasker (version
open 4.0.5) and Tandem Repeats Finder (version 4.07b) (Benson 1999; Saha et al. 2008).
For noncoding RNA genes, transfer RNA (tRNA) genes were analyzed by tRNAscan-SE (ver-
sion 1.3.1), ribosome RNA (rRNA) genes were predicted by rRNAmmer (version 1.2), small
RNA (sRNA) were predicted by blasting against the Rfam database and cmsearch (version
1.1rc4) (Gardner et al. 2009; Lagesen et al. 2007; Lowe and Eddy 1997). Genomic islands were
predicted by IslandPath-DIOMB (version 0.2), and the CRISPR recognition tool was analyzed
by CRISPRdigger (version 1.0) (Grissa et al. 2007; Hsiao et al. 2003). The prophage genes
were predicted by phiSpy (version 2.3) (Zhou et al. 2011). The protein functional analysis was
conducted by comparing the peptide sequences of strain HS-18 with bacterial protein sequen-
ces in the Gene Ontology, Kyoto Encyclopedia of Genes and Genomes (KEGG), Cluster of
Orthologous Groups of proteins, Non-Redundant Protein databases, Pfam, the Transporter
Classification and Carbohydrate-Active Enzymes databases, and Swiss-Prot. The average
nucleotide identity (ANI) and digital DNA-DNA hybridization (dDDH) values between strain
HS-18 and its closely related strains were calculated on ANI Calculator (Yoon et al. 2017) and
Genome-to-Genome Distance Calculator 2.1 (Meier-Kolthoff et al. 2013), respectively.

Genome assembly showed that strain HS-18 contains a single circular DNA chromo-
some with a length of 6,493,503 bp with G+C content of 64.74% and one single circular
plasmid of 101,450 bp with G+C content of 55.01% (Table 1). The overall genome features
are presented in Table 1. Strain HS-18 consists of 6,090 genes accounting for 87.81% of
the whole genome, which includes 67 tRNA genes, 16 rRNA genes, and 16 sRNA genes
(Table 1). HS-18 resulted in one contig and one scaffold, and the contig Nso was 6,493,503
bp and Lsp was 1 (Table 2). The genome assembly statistics of strain HS-18 were
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Table 2. Overview of the genome assembly statistics of HS-18 and other Pseudomonas nitroreducens strains®

Genomic features HS-18 DSM 14399 NBRC 12694 PSA00705 WZBFD3-5A2 Aramco J HBP1
ANI value (%) 100 98.9355 98.9139 98.8491 98.8128 98.8081 98.7566
dDDH (%) 100 90.30 90.10 91.60 87.30 88.40 89.20
GenBank assembly GCA_ GCA_ GCA_ GCA_ GCA_ GCA_ GCA_
accession 020401845.1 012986245.1 002091755.1 015763095.1 010994165.1 000807755.1 011044415.1
Genome size (bp) 6,594,953 6,171,316 6,105,137 6,787,054 6,397,936 7,333,675 7,427,551
Scaffolds number 1 NA NA NA NA NA NA
Contigs number 1 50 40 206 12 91 NA
Contig N5 (bp) 6,493,503 855,214 537,643 56,451 932,199 322,424 NA
Contig Lsg 1 NA 4 37 3 7 NA
Assembly method SMRT Linkv.v5.1.0 SPAdesv.2.5.1 newblerv.3.0 SPAdesv.3.14.1  Newblerv.2.3 Newblerv. 2.8 HGAP v. 3
Genome coverage 200x 138x 80x% 43x% 12x 72% 83x
Sequencing technology PacBio; lllumina lllumina MiSeq  lllumina HiSeq 1000; lllumina NextSeq lllumina HiSeq lonTorrent PacBio

454 GS-FLX Titanium
2 ANI = average nucleotide identity; dDDH = digital DNA-DNA hybridization; NA = not available or not applicable.

compared with a number of sequenced genomes of P. nitroreducens from the National
Center for Biotechnology Information database with ANl and dDDH. The ANI values
between strain HS-18 and these type strains ranged from 98.63 to 98.93%, and the dDDH
values ranged from 87.30 to 91.60%. These values are above the threshold ANI value of
95% and dDDH value of 70%, respectively, suggesting that strain HS-18 and the P. nitrore-
ducens strains occupied the same taxonomic position.

The genome assembly statistics of strain HS-18 showed high completeness (>98%) without
contamination, indicating the higher-quality of the complete genome sequences of strain HS-18
than other P. nitroreducens strains. It might provide better resources for comparative genomic
studies and for analyzing the function mechanisms presented in P. nitroreducens species.

Multiple genes were identified that may contribute to the QQ activity of P. nitroreducens
HS-18 against other bacteria. Besides digA, digB, digC, and digD (Wang et al. 2020), at
least another four homologous DSF QQ genes (locus_tags LDJ84_10985, LDJ84 14290,
LDJ84_18380, and LDJ84_19965) were found in the strain HS-18 genome. Furthermore,
we also found multiple genes, aigA, aigB, and aigC (GenBank accession numbers
MW619635, MW619636, and MW619637, respectively), encoding putative AHL acylases,
based on KEGG annotation and function BLAST. In the metabolism category, 115 genes in
strain HS-18 were predicted to be involved in lipid metabolism, which might be related to the
metabolism of fatty acid derivative DSF. The QQ capacity and potentials of strain HS-18
deserve further investigation. The complete genome sequence presented in this study will
contribute to further understanding of the genetic and genomic basis of multi-QQ mecha-
nisms of P. nitroreducens HS-18 and provide a valuable genome resource to explore other
biological functions of this useful bacterial isolate.

Data Availability
The data obtained in this study have been deposited in GenBank under accession num-
bers CP084413 to CP084414 (BioProject: PRUNA766597, BioSample: SAMN21854795).
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