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Complete Genome Sequence of a Clinical Campylobacter Isolate

Identical to a Novel Campylobacter Species
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ABSTRACT Here, we present the complete genome sequence of a Campylobacter
strain isolated in the Netherlands from a patient with gastroenteritis. The strain showed
>98% sequence identity to the novel Campylobacter species sequence recently recov-
ered from metagenomic data, isolated from breastfed infants with diarrheal disease, and
named “Candidatus Campylobacter infans.”

ere, we present the genome sequence of Campylobacter strain 19500001, which

was isolated from a 42-year-old male in the Netherlands with relapsing diarrhea
whose stool samples were repeatedly positive by a Campylobacter-specific quantitative
PCR (gPCR) (1, 2). To isolate this Campylobacter strain, 1 g of fecal material was sus-
pended in 1.5 ml phosphate-buffered saline (PBS), and subsequently, 300 ! of this sus-
pension was added onto a cellulose acetate membrane filter (0.65um; Millipore)
placed on Columbia agar with 5% sheep blood (Oxoid, Thermo Scientific, Inc.) (3). After
30 min, the filter was removed and the plate was incubated under microaerobic condi-
tions (83.3% N,, 7.1% CO,, 3.6% H,, and 6% O,) at 37°C for 72 h. One Campylobacter-
suspected colony was detected and subcultured on Columbia agar with 5% sheep
blood under microaerobic conditions at 37°C for 5 days. DNA was isolated using the
DNeasy UltraClean microbial kit (Qiagen, Venlo, the Netherlands), was not sheared, and
was size selected for sequencing. The lllumina library was prepared using the Nextera
kit (Ilumina, San Diego, CA, USA). Pooled libraries were sequenced using a NextSeq
system providing 1,068,916 reads (N5, of 150 bp) that were trimmed using TrimGalore
v0.4.4 (https://github.com/FelixKrueger/TrimGalore). Nanopore sequencing was per-
formed according to protocol SQK-LSK109 with flow cell type R9.4.1 on a MinION de-
vice (FLO-MIN106D; Oxford Nanopore, Oxford, United Kingdom), using the live (fast)
basecalling method in MinKNOW v19.12.1 on a MinIT device, providing 2,484,000 reads
(Nsq of 6.4kb) that were trimmed and downsampled to 200x coverage using filtlong
(https://github.com/rrwick/Filtlong), and resulting in 17,582 reads (Ns, of 23 kb) that
were assembled using metaFlye v2.7 (4) into a single scaffold. The genome was circu-
larized and rotated using a DnaA database in Unicycler v0.4.7 (5) with overlapping
lllumina and Nanopore reads. This resulted in two circular contigs, representing a
1,754.5-kb chromosome with a GC content of 35.9% and a 5,856-kb plasmid. Prokka
v1.13 (6) was used for annotation with “Candidatus Campylobacter infans” as an addi-
tional custom database (GenBank accession number SPMWO00000000.1) (7, 8). A core
genome phylogeny without correction for recombination was reconstructed using
FastTree (9), based on a 365,157-bp core gene superalignment of 351 core genes of
which the protein sequences had at least 35% sequence identity, as determined by
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Feature Candidatus C. infans 19500001
Source human G a is LMG24001
Sequencing metrics K T e
Campylobacter peloridis LMG23910
llumina MiSeq platform Campylobacter armoricus CCUG 73571
NO. Of reads 1,068,9 16 Campylobacter ornithocola LMG 29815"
Campylobacter subantarcticus LMG 243747
No. of bases 321,868,314 Campylobacter lari LMG 88467
Av. Read length (bases) 148 Campylobacter lari subsp concheus LMG 21009
C ter NCTC12927"
Coverage (X) 172 Campylobacter volucris LMG24379"
N anopore pIafo m Campylobacter coli NCTC 11366
C: ter icus NCTC 138237
NO. Of reads 214841000 Campylobacter jejuni subsp doylei NCTC 119517
Av. Read length (bases) 27,000 Campylobacter jejuni subsp jejuni NCTC 113517
Campylobacter cuniculorum LMG24588"
Coverage (X) 200 L . Campylobacter helveticus LMG 126387
Accession no. Campylobacter upsaliensis LMG 115417
G ter corcagiensis LMG 279327
GenBank (chromosome) CP049075 Campylobacter ureolyticus LMG 64517
NCBI SRA (chromosome) ERR3958990 lo ter blaseri LMG 30333
g Camp, ter LMG 29375"
GenBank (plasmid) CP043076 C: ter hominis LMG 19568"
NCBI SRA (plasmid) ERR3958991 ter sp LMG 77957
. Candidatus Campylobacter infans 19500001
Genomic data g Candidatus Campylobacter infans CGEMS
Chromosome (Kbp) 1,754.5 ter lanienae NCTC13004"
G+C content 35.9 - HeF e LHG 26145 .
c ter hyointestinalis subsp inalis LMG 7817
No. of CDS 1668 Campylobacter hyointestinalis subsp lawsonii LMG 14432
Assigned function (% CDS) 813 (48,7%) Campylobacter fetus subsp testudinum LMG 274'997
Campylobacter fetus subsp fetus NCTC 10842
General function annotation (% CDS) 474 (28,4%) Eampylobacter fetus subsp is NCTC 103547
Domain/family annotation only (% CDS) 88 (5,3%) Campylebacter fs NCTE ”°°°TY
Campylobacter concisus LMG 7788
Hypothetical 293 (17,6%) Campylobacter curvus LMG 7609"
No. of pseudogenes 43 e ter gracilis LMG 12585"
Campylobacter rectus LMG 18530"
No. tRNAs, ribosomal loci 46 Campylobacter showae LMG 12635
Plasmid pCINF19500001 (size [bp]) 5,856 Campylobacter pinnipediorum LMG 29472 )
Assigned function (% CDS) 2 (40%) oo o T 1657 Campylobacter pinnipediorum subsp caledonicus LMG 29473
General function annotation (% CDS) 2 (40%)
Hypothetical (% CDS) 1(20%) 0.2

FIG 1 Sequencing metrics, genomic data, and phylogenetic dendrogram based on the core genome single nucleotide polymorphisms (SNPs). Helicobacter
pylori J99 is used as an outgroup and root. Local support values, calculated with the Shimodaira-Hasegawa test (14), for all branches are given. Bar, 0.2
substitutions per nucleotide position in the core gene superalignment.

Roary v3.12.0 (10). The average nucleotide identity (ANI) was identified using JSpecies
v1.2.1 (11). Default parameters were used for all software unless specified otherwise.

The sequence clustered with the genome of the recently identified novel putative
species belonging to the Campylobacter fetus group “Candidatus Campylobacter
infans” (Fig. 1) (7) with a 98.27% ANI.

The 19500001 genome contains a type II-B CRISPR-Cas system (12). A putative inte-
grated phage containing genes for a type IV (T4SS) conjugative transfer system (13) and a
second phage integration containing a zonula occludens toxin (Zot) island were identified.
The S-layer secretion system gene sapDEF, as well as p-arabinose 5-phosphate isomerase
(kpsF), and flagellin-associated genes were present as identified in the genome of
“Candidatus Campylobacter infans” (7). This study shows the first complete genome and
plasmid sequences of a clinical isolate with high sequence identity to a novel Campylobacter
species.

Data availability. Genome and plasmid sequences have been deposited in GenBank
under the accession numbers CP049075.1 and CP049076.1. The Nanopore reads have been
deposited in SRA under the accession numbers ERR3958990 and ERR3958991 (Fig. 1).
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