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ABSTRACT This report presents the draft genome sequences of two Campylobacter
novaezeelandiae and four unclassified Campylobacter isolates from Canadian agricul-
tural surface water. Phylogenomic analysis revealed that the six isolates formed unique
clades, closely related to the disease-causing species C. jejuni, C. coli, and C. hepaticus.

ontaminated surface water can spread pathogens and pose a threat to human

health through a variety of exposure routes. Unclassified thermophilic Campy-
lobacter spp. have been frequently recovered from various surface water types and
sources in Canada (1-4). Here, six Campylobacter sp. isolates recovered between 2014
and 2015 from the surface water of two agricultural watersheds located at the South
Nation River Basin east of Ottawa, Ontario (5), were subjected to whole-genome
sequencing (WGS). Water samples were filtered through 0.47-um membranes and the
filters incubated in modified Preston broth (Oxoid, Lenexa, KS, USA) containing poly-
myxin B, rifampin, trimethoprim, and amphotericin B at 42°C under microaerophilic
conditions (5% O,, 85% N,, and 10% CO,) for 48 h. The enriched samples were streaked
onto modified Karmali agar (Oxoid) containing the same antibiotic supplement and
incubated under the above-mentioned conditions (6). For WGS, the isolates were
grown on modified Campylobacter blood-free selective agar (Thermo Fisher Scientific)
or BD BBL Trypticase soy agar with 5% sheep blood (Thermo Fisher Scientific) under
the same conditions described above. Biomass from the isolated colonies was sub-
jected to genomic DNA extraction using the GenElute bacterial genomic DNA kit
(Sigma-Aldrich) or the MagNA Pure LC total nucleic acid isolation kit (Roche). Nextera
XT v2 libraries were prepared and 2 x 250-bp MiSeq Illumina reads generated. The
paired-end reads were trimmed using Trimmomatic v0.38 (7) (-phred33). The quality of
the sequence data before and after trimming was assessed using FastQC v0.11.8 (8).
The trimmed reads were assembled using metaSPAdes v3.13.0 (k-mers 65, 77, 99, and
115) (9) and annotated using the Prokaryotic Genome Annotation Pipeline v4.2 (10).
The quality of the assemblies was evaluated by Quast v5.0.2 (11) (Table 1). The average
nucleotide identity (ANIb) was calculated using pyani v0.2.9 (12), and in silico DNA-
DNA hybridization (isDDH) estimates were determined using the Genome-to-Genome
Distance Calculator v2.1, formula 2 (http://ggdc.dsmz.de/ggdc.php). GFF files produced
by Prokka v1.13.3 (13) were used as input for Roary v3.13.0 (14) to generate a core
gene alignment at 55% protein identity cutoff (parameter -i 55). Gblocks v0.91b (15)
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Campylobacter jejuni subsp. doylei ATCC 49349 [JNJR01000001.1]
Campylobacter jejuni subsp. jejuni NCTC 11168 [AL111168.1]
Campylobacter hepaticus NCTC 13823 [CP031611.1]
Campylobacter coli ATCC 76339 [NC_022132.1]

Campylobacter taeniopygiae MIT10-5678 [NZ_NXLY01000088.1]
Campylobacter sp. CW4073 [JAENKQ000000000]
Campylobacter estrildidarum MIT17-664 [GCA_005406205.1]
Campylobacter aviculae MIT17-670 [GCA_005406215.1]
Campylobacter novaezeelandiae B423b [NZ_QPGR00000000.1]
Campylobacter novaezeelandiae B1491 [NZ_QPGQ00000000.1]
Campylobacter novaezeelandiae W677a [NZ_QPGP00000000.1]
Campylobacter novaezeelandiae CW4600 [JAENKT000000000]
Campylobacter novaezeelandiae CW4519 [JAENKU000000000 ]
Campylobacter sp. CW4516 [JAENKV000000000]
Campylobacter sp. CW4409 [JAENKR000000000]
Campylobacter sp. CW4087 [JAENKS000000000]

Campylobacter upsaliensis NCTC 11541 [NZ_LR134372.1]
Campylobacter helveticus ATCC 51209 [NZ_CP020478.1]
Campylobacter cuniculorum LMG 24588 [NZ_CP020867.1]
Campylobacter lari subsp. lari ATCC 35221 [NZ_FOHH01000031.1]
Campylobacter lari subsp. concheus LMG 11760 [NZ_CP007771.1]
Campylobacter subantarcticus LMG 24377 [NZ_CP007773.1]
Campylobacter ornithocola LMG 29815 [NZ_CP053848.1]
Campylobacter armoricus CA656 [GCA_006176165.1]
Campylobacter peloridis LMG 23910 [NZ_CP007766.1]
Campylobacter insulaenigrae NCTC 12927 [NZ_CP007770.1]
Campylobacter volucris LMG_24379 [NZ_CP007774.1]
Campylobacter avium LMG 24591 [NZ_CP022347.1]
Campylobacter troglodytis MIT05-9149A [GCA_006864425.1]
Campylobacter canadensis LMG 24001 [GCA_013177655.1]
Campylobacter fetus subsp. venerealis cfvi03/293 [NZ_CP006999.2]
Campylobacter fetus subsp. fetus ATCC 27374 [MKEI01000001.1]
Campylobacter fetus subsp. testudinum 03-427 [CP006833.1]
Campylobacter hyointestinalis subsp. lawsonii CCUG 27631 [CP015576.1]
Campylobacter hyointestinalis subsp. hyointestinalis LMG 9260 [CP015575.1]
Campylobacter iguaniorum LMG 28143 [CP009043.1]
Campylobacter lanienae NCTC 13004 [NZ_CP015578.1]
Campylobacter rectus RM3267 [NZ_ACFU01000089.1]
Campylobacter showae ATCC 51146 [CP012544.1]

Campylobacter curvus 525.92 [NC_009715.2]

Campylobacter concisus ATCC 33237 [CP012541.1]
Campylobacter pinnipediorum subsp. caledonicus LMG 29473 [NZ_CP017258.1]
Campylobacter pinnipediorum subsp. pinnipediorum LMG 29472 [NZ_CP012546.1]
Campylobacter mucosalis ATCC 43264 [JHQQ01000001.1]
Campylobacter ureolyticus RIGS 9880 [CP012195.1]
Campylobacter portucalensis FMV-PI0O1 [VWS)00000000.1]
Campylobacter corcagiensis LMG_27932 [NZ_JFAP01000001.1]
Campylobacter blaseri LMG 30333 [NZ_PDHHO01000000]
Campylobacter geochelonis LMG 29375 [NZ_CP053844.1]
Campylobacter gracilis ATCC 33236 [NZ_CP012196.1]
Campylobacter hominis ATCC BAA-381 [NC_009714.1]
Campylobacter sputorum RM8705 [NZ_CP019685.1]

Arcobacter butzleri ATCC 49616 [CP000361.1]

FIG 1 Maximum-likelihood phylogenetic tree showing the placement of the two Canadian C. novaezeelandiae (in red bold font) and the
four unclassified Campylobacter (in blue and green bold font) isolates described in this study within the 38 currently known
Campylobacter species. The tree was based on the alignment of 135 core genes (110kb) and generated using the RAXML GTR+G
substitution model with 100 bootstrap replicates. Geneious Prime v2020.0.4 (Biomatters, Ltd.) was used to visualize the tree. Arcobacter
butzleri ATCC 49616 was used as an outgroup and to root the tree.
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was used to remove ambiguous alignments and phylogenetically uninformative posi-
tions (parameters: minimum length of a block was set to minimum, and positions
where at least 50% of the sequences had a gap were treated as gap positions). The
maximume-likelihood method in RAXML-NG v0.9.0 (16) was used to infer a phylogenetic
tree from the alignment under the GTR+G substitution model with 100 bootstrap rep-
licates. Default parameters were used for all software except where otherwise stated.
The Campylobacter sp. isolates clustered into three phylogenomic groups (Fig. 1).
Strains CW4519 and CW4600 were identified as C. novaezeelandiae, having 98% ANIb
and 84.1% isDDH to C. novaezeelandiae isolated in New Zealand (17). Campylobacter
sp. strain CW4073 had C. taeniopygiae MIT10-5678 as its closest relative (91% ANIb,
42.3% isDDH), while Campylobacter sp. strains CW4087, CW4409, and CW4516 formed
a unique cluster closest to C. novaezeelandiae (91% ANIb, 40.8% isDDH). The latter
strains had the lowest GC content (26.8% * 0.04% standard deviation [SD]) and ge-
nome size (1.50 Mbp = 0.03 Mbp SD) among the Campylobacter spp. In all genomes,
blagy, gene variants commonly found in Campylobacter were identified. The lack of
other antimicrobial resistance genes would suggest that these isolates are commen-
sally prevalent in the environment, with a low health risk to humans and animals.

Data availability. Isolates CW4409, CW4516, CW4519, and CW4600 were sequenced as
part of the GenomeTrakr Project at the Texas Department of State Health Services (Austin,
TX), and isolates CW4087 and CW4073 were sequenced at the Center for Biotechnology &
Genomics, Texas Tech University (Lubbock, TX). Alignment and newick files were deposited
into the Dryad Digital Repository (https://doi.org/10.5061/dryad.qrfj6q5f2).
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