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Symbionts of Entomopathogenic Heterorhabditis Nematodes
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ABSTRACT Photorhabdus bacteria exhibit contrasting lifestyles; they are virulent in-
sect pathogens but symbionts of the entomopathogenic Heterorhabditis nematodes.
Photorhabdus genomes encode several secondary metabolites and insecticidal pro-
tein toxins. Here, we present the draft genome sequences for five Photorhabdus
strains isolated from Heterorhabditis nematodes collected from various geographical
regions of India.

hotorhabdus spp. are Gram-negative gammaproteobacteria found in nature in

association with the entomopathogenic nematodes of the genus Heterorhabditis (1,
2). The first Photorhabdus genome was sequenced in 2003 (3), and at present, 33
genome sequences of various Photorhabdus spp. are available in NCBI GenBank
(https://www.ncbi.nlm.nih.gov/genome?term=Photorhabdus). The genus Photorhab-
dus was revised to include 15 species on the basis of whole-genome, biochemical,
chemotaxonomic, and ribosomal protein fingerprinting information, i.e., P. bodei, P.
australis, P. akhurstii, P. caribbeanensis, P. hainanensis, P. kayaii, P. kleinii, P. namnaonen-
sis, P. noenieputensis, P. laumondii, P. cinerea, P. khanii, P. stackebrandstii, P. tasmaniensis,
and P. thracensis (4). We previously isolated the symbiont bacteria from the infective
juveniles (IJs) of the entomopathogenic nematodes isolated from various geographical
locations in India (5, 6). Preliminary biochemical and virulence characterization sug-
gested genetic variations between different isolates (6). The 16S rRNA gene marker
identified them to be a member of erstwhile Photorhabdus luminescens species (Ta-
ble 1). To ascertain the identity of these isolates and to investigate the reasons for the
differences in biochemical characters and virulence (6), we sequenced the genomes of
these isolates.

A single colony of each strain was inoculated in 5 ml of Luria-Bertani (LB) broth and
grown at 28°C with agitation (200 rpm) for 12 h. The genomic DNA was isolated by
using a DNeasy kit (Qiagen, Hilden, Germany). For sequencing library preparation,
100 ng of genomic DNA was sheared enzymatically for 3 to 4 min using an lon Shear
Plus kit. The sheared DNA was purified using AMPure beads (Beckman Coulter Life
Sciences, Indianapolis, IN, USA) and ligated with barcoded adapters. Subsequently, the
adaptor-ligated fragments were resolved on a 2% E-Gel (Thermo Fisher Scientific,
Waltham, MA, USA), and ~330-bp fragments were collected. The size-selected frag-
ments were PCR amplified using adaptor-specific primers for five cycles using high-
fidelity Platinum supermix provided in the lon Plus fragment library kit (Thermo Fisher
Scientific, Waltham, MA, USA). The amplified product was purified using AMPure beads,
and this final library was used for template generation for sequencing. The whole-
genome sequencing was performed by the Semiconductor sequencing using the lon
Torrent Personal Genome Machine (PGM) system.
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protein database and annotated with InterProScan using Blast2GO.
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The good-quality reads were exported using the FileExporter plugin in the lon
Torrent Personal Genome Machine-associated Torrent Suite software, using the default
parameters. The de novo genome assembly, scaffold construction, and gap closure were
done by using MIRA version 4.0.2 (7), with the default parameters and providing the
technology as “lontor.” The fold coverage was estimated using the total number of
sequence reads divided by the estimated genome size. Gene prediction was made ab
initio using GeneMarks (8) with default parameters. These predicted genes were further
mapped to the reference genome (P. luminescens subsp. laumondii TTO1, NCBI RefSeq
accession number NC_005126) using Blast2GO (9), with an E value cutoff of 1.0E-3. The
amino acid sequences of the predicted genes were matched with the nonredundant

The sequencing generated 1.2 to 2.5 million reads, generating 255 to 540 Mb of total
sequence data (Table 1). The de novo assembly resulted in final genome sizes of 5.3 to
5.6 Mb, with a coverage of 45 to 96X (Table 1). A total of 190 to 228 contigs were
obtained, with an Ny, value of 43 to 103 kb. The GC content of the Photorhabdus
genomes was 42.5 to 42.7%. We predicted 4,953 to 5,933 genes in the sequenced
Photorhabdus strains, of which 78.6 to 82.7% could be annotated. These genes showed
83.5 to 85.8% match to the reference P. luminescens subsp. laumondii TTO1 genome
(Table 1).
Data availability. The data generated in this study can be accessed at NCBI under
SRA study accession number SRP133050, BioProject number PRINA434554, and SRA
experiment accession numbers SRX3720925 to SRX3720929. The draft genome acces-
sion numbers are provided in Table 1.
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