
Abstract: During a study to assess the human microaerophilic colonic mucosal microbiota, various Campylo-
bacter isolates were identified based on phenotypic characterisation and 16S rRNA gene sequence analysis. Here 
we report the draft genome sequences of four new Campylobacter strains isolated from colonic mucosal biopsies 
– a Campylobacter curvus strain isolated from a paediatric patient and three Campylobacter ureolyticus strains 
isolated from adults.
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GENOME ANNOUNCEMENT

Genus Campylobacter has been recognized as a causative agent of various animal and human 
diseases1,2. Whilst Campylobacter jejuni and C. coli are major zoonotic species, causing human 
health issues via the consumption of contaminated poultry products. Other Campylobacters in-
cluding C. concisus, C. showae, C. gracilis, C. ureolyticus, C. curvus, and C. rectus are commensal 
human oral species. The prevalence of human illness associated with oral Campylobacter species 
is considerably lower than zoonotic Campylobacter species induced illness; however it is thought 
that non-jejuni/coli Campylobacter illness is heavily underreported due to the lack of effective 
culture-based detection3,4. Whilst recently there has been an increase in comparative genomics 
and genome biology studies of C. concisus and C. showae5-7, there is a paucity of whole genome 
sequences for other Campylobacter species including C. curvus and C. ureolyticus. C. ureolyticus 
has been reported to surpass C. coli as the second most common causative agent of Campylo-
bacter-related gastroenteritis in Ireland8. C. curvus is rarely encountered in the human intestinal 
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tract but is thought to be underreported. Additional genome sequences of clinical isolates of 
these species are needed to allow comprehensive understanding of pathogenicity/virulence traits. 
Here, we report the draft genome sequences of one C. curvus and three C. ureolyticus strains.

The four Campylobacter clinical isolates – Campylobacter curvus strain isolated from a paediatric 
patient undergoing colonoscopy to rule out a diagnosis of inflammatory bowel disease (B23 cloudy 
PP) as part of the BISCUIT study9 and three Campylobacter ureolyticus strains from two adults un-
dergoing colonoscopy based on a positive faecal occult blood test, who were found to have no 
evidence of macroscopic or microscopic disease (GH136_SC, GH136_TPP, and GH187_Mit_SmBr). Iso-
lates GH136_SC and GH136_TPP were both isolated from the same individual but they had differing 
morphology. Culture work was performed as described in Mukhopadhya et al10, utilising five selec-
tive plates and one plain blood agar plate, each incubated in microaerophilic gas conditions gener-
ated by Anoxomat® (Mart® Microbiology, Drachten, the Netherlands) and reviewed twice weekly 
for up to one month. Gram-negative and oxygen sensitive (by virtue of failed subculture in room 
air) bacterial isolates were identified by sequencing of the 16S rRNA gene. A minimum read length 
of 400 bp was obtained for attributing bacterial identities, the result of which was searched against 
the NCBI BLAST database (http://blast.ncbi.nlm.nih.gov/Blast.cgi).

We performed short-read sequencing using the Illumina MiSeq with MiSeq Reagent Kit v3 (Illu-
mina, San Diego, CA, USA) for 600 cycles and 2 × 300 bp paired end reads as described previously6. 
Genomic DNA was extracted from liquid cultures using the Promega Genomic DNA Purification 
kit. Library construction was performed using the Illumina Nextera XT DNA Library Prep Kit and 
Nextera XT Index Kit v2. The quality of raw paired-end reads was checked using FastQC.  

A total of 573,164 (B23 cloudy PP), 777,723 (GH136_SC), 284,645 (GH136_TPP), and 413,897 (GH187_
Mit_SmBr) paired-end reads were generated of read length 300bp. This constitutes coverage equivalent 
to around 170X (B23 cloudy PP), 300X (GH136_SC), 110X (GH136_TPP), and 150X (GH187_Mit_SmBr). 
Strains were error corrected and assembled with the default settings of the A5-miseq pipeline11. Prior to 
assembly, low-quality bases were trimmed from the sequence using Trim galore12. We used the CLARK se-
quence classification method (v1.2.3) with a custom database to classify the strains. This confirmed their 
identity as C. curvus (B23 cloudy PP) and C. ureolyticus (GH136_SC, GH136_TPP and GH187_Mit_SmBr). 
We assembled plasmids from publicly available databases (NCBI and DDBJ) using plasmidSPAdes as de-
scribed previously7,13. Genome and plasmid assemblies were annotated with Prokka14. The draft genome 
sequence of B23 cloudy PP was comprised of 28 contigs, GH136_SC, GH136_TPP, and GH187_Mit_SmBr 
draft genome sequences were comprised of 19, 28, and 281 contigs, respectively. The total genome size 
of each of the four isolates was 2,017,439 bases (B23 cloudy PP), 1,556,879 bases (GH136_SC), 1,551,312 
bases (GH136_TPP), and 1,712,726 bases (GH187_Mit_SmBr). GC content of the isolates was 44.31% (B23 
cloudy PP), 29.2% (GH136_SC), 29.17% (GH136_TPP), and 28.99% (GH187_Mit_SmBr). In comparison, 
type strain C. curvus DSM 6644 has a genome size of 1,954,904 and GC content of 44.3% and 8 contigs 
(Accessed from NCBI genome resource). C. ureolyticus RIGS 9880 has a genome size of 1,642 kb and GC 
content of 29.23% and is a closed genome15. Genome completeness estimation was carried out on the 
new assemblies using the BUSCO tool in combination with the Proteobacteria BUSCO database (16). Of 
the 221 Proteobacteria BUSCOs, 205 were detected in B23 cloudy PP, 200 in GH136_SC, 200 in GH136_
TPP and 195 in GH187_Mit_SmBr. The new genomes contained 2009 coding DNA sequences (CDS; B23 
cloudy PP), 1531 (GH136_SC), 1524 (GH136_TPP), and 1667 (GH187_Mit_SmBr). This equated to the fol-
lowing number of unique genes - 2055 (B23 cloudy PP), 1574 (GH136_SC), 1567 (GH136_TPP), and 1710 
(GH187_Mit_SmBr). This compares with 1980 genes identified in C. curvus DSM 6644 and 1595 genes 
identified in C. ureolyticus RIGS 9880. Prokka also predicted 45 RNA sequences (2 rRNA and 43 tRNA) for 
B23 cloudy PP, and 42 RNA sequences (2 rRNA and 40 tRNA) for all 3 C. ureolyticus isolates. 

Plasmid assembly produced two contigs for B23 cloudy PP, one contig for GH136_SC, 15 contigs 
for GH136_TPP and 45 contigs for GH187_Mit_SmBr. The total length of the contigs were 29,732 bp 
(B23 cloudy PP), 122,486 bp (GH136_SC), 236,292 bp (GH136_TPP), and 36,340 bp (GH187_Mit_SmBr). 
The longest contig for each isolate was 19,987 bp (B23 cloudy PP), 122,486 bp (GH136_SC), 83,171 bp 
(GH136_TPP), and 35,321 bp (GH187_Mit_SmBr). GC content of the contigs was 38.24% (B23 cloudy 
PP), 27.8% (GH136_SC), 30.45% (GH136_TPP), and 29.3% (GH187_Mit_SmBr). The plasmid contigs 
for B23 cloudy PP contained 30 coding DNA sequences, whilst the single contig for GH136_SC con-
tained 244 coding sequences. One hundred and twenty-seven coding sequences were detected with-
in GH136_TPP plasmid contigs and 370 coding sequences within GH187_Mit_SmBr plasmid contigs.

We looked for the presence of bacterial secretion systems within the genomes as these vir-
ulence factors have been the focus of interest for other Campylobacter species6,7,17. Proteins be-
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longing to a type II secretion system were detected in all four isolates. GH187_Mit_SmBr also had 
proteins belonging to a type IV secretion system. CRISPR-associated endonuclease genes cas1, 
cas2 and helicase cas3 were found in all isolates along with RTX toxins consisting of hemolysins (all 
isolates) and leukotoxins (all isolates except C. curvus B23_cloudy_PP). The presence of different 
pathogenicity factors indicates varying virulence methods are present within different clinical 
isolates and this variability should be the focus of further study.

NUCLEOTIDE SEQUENCE ACCESSION NUMBERS

The C. concisus raw sequencing reads and genome assemblies are freely available from the EM-
BL-EBI ENA under the study accession number PRJEB34136. This Whole Genome Shotgun project 
has been deposited at DDBJ/EMBL/GenBank under the accession number PRJE34136.
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