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ABSTRACT Campylobacter strains were collected in a survey of fresh chicken car-
casses in Pennsylvania farmers’ markets. Three Campylobacter coli strains were
observed to have unique sequence variations in their gyrase subunit B genes, com-
pared with other Campylobacter strains. The strains were sequenced and analyzed,
producing genome sequences consisting of single closed chromosomes.

C ampylobacter strains are responsible for the largest number of annual cases of bac-
terial foodborne gastrointestinal disease in the developed world (1–3). Poultry raised

for human consumption is a primary source of the Campylobacter strains causing human
disease through transmission by undercooked poultry products or cross contamination
of other foods (4, 5). Campylobacter jejuni strains are responsible for roughly 90% of
human cases of disease, with Campylobacter coli causing about 10% (1, 6).

A large number of presumptive Campylobacter isolates were derived from a survey
of fresh chicken carcasses sold by vendors at farmers’ markets in Pennsylvania during
the summer of 2011 (7). The DNA gyrase subunit B gene (gyrB) of 176 presumptive
Campylobacter strains isolated from the survey was sequenced to identify the species
of the Campylobacter strains using a previously described method (8). The species of
three isolates (PSU-29, PSU-31, and PSU-32) could not be clearly determined from their
gyrB sequences, and it was decided to sequence those strains completely.

The three presumptive C. coli strains were streaked from freezer stock (280°C) onto
Brucella agar for individual colonies. Single colonies were selected from the agar plates
and subsequently grown in Brucella broth in a microaerobic environment (5% O2/10%
CO2/85% N2). Genomic DNA for sequencing was prepared using a MagAttract high-
molecular-weight (HMW) DNA kit (Qiagen, Germany) and quantitated with a NanoDrop
2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA). The genomic DNA was
fragmented with g-TUBE units (Covaris, Woburn, MA), and the fragmented DNA was size
selected using a BluePippin system (Sage Scientific, Beverly, MA). Standard manufacturer’s
protocol was used to prepare SMRTBell sequencing libraries for the three genomes, and
sequencing was performed using a PacBio RS II system (Pacific Biosciences, Menlo Park,
CA). During the genome assembly process, all software systems were used with their
default parameters unless otherwise specified. Assembly was performed with the Celera
Assembler v8.1, with the subread filtering derived from the single-molecule real-time
(SMRT) Analysis software suite (9, 10). Quiver was used to polish the assembled contigs,
and Geneious v7.1.5 (Biomatters, Auckland, New Zealand) performed a reorientation after
trimming the overlapping contig ends. The trimming and reorientation steps were veri-
fied using a second application of Quiver (9). The resulting three individual assemblies
produced consensus accuracies of at least 99.9999% with$190� coverage (Table 1).

The genomes were annotated through the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP) using default parameters (11). The tRNA was predicted using
tRNAscan-SE v2.0 (12). Antimicrobial resistance genes (class D b-lactamase, OXA-61
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family) were identified in all three genomes using ResFinder v3.2 software (13).
Average nucleotide identity (ANI) values were determined according to reference
14. All sequences were examined for the presence of phage in the genome using
PHASTER software (15), and no phage were detected. Additionally, virulence genes
for cytolethal distending toxin (cdtABC), the multidrug efflux system (cmeABCDEF),
flagella (flaABCG, flgABCDEFGHIKLQS, fliDEFGHIKLMNPQRSW, flhABF, motAB, and fleN),
chemotaxis (cheBRVY), and invasion (ciaB and phlA) were found in each of the three
strains.

Finally, Jaccard similarity coefficients were calculated for the gene contents of the three
presumptive C. coli strains, compared to each other and to reference C. coli and C. jejuni
strains. Strains PSU-29, PSU-31, and PSU-32 were observed to be significantly more similar
(.80% similarity) to the reference C. coli strains than to the reference C. jejuni strains
(,21% similarity). Therefore, despite their gyrB sequences not grouping as expected with C.
coli gyrB sequences, these Campylobacter isolates from poultry belong to the species C. coli.

Data availability. The genome sequences and sequencing reads for the three C.
coli strains were deposited in GenBank under the accession numbers listed in Table 1.

ACKNOWLEDGMENTS
We thank Aisha Abdul-Wakeel for technical assistance and Catherine Cutter’s

laboratory at Pennsylvania State University for making these strains available for
analysis. Additionally, we thank Joshua Scheinberg for providing background
information on the strains.

This research used resources provided by the SCINet project of the USDA Agricultural
Research Service (ARS project 0500-00093-001-00-D). This work was supported by the
USDA Agricultural Research Service (CRIS project 8072-42000-082-00D [Molecular
Characterization of Foodborne Pathogen Responses to Stress]).

Mention of trade names or commercial products in this article is solely for the
purpose of providing specific information and does not imply recommendation or
endorsement by the USDA.

REFERENCES
1. European Food Safety Authority, European Centre for Disease Prevention

and Control. 2019. The European Union One Health 2018 Zoonoses
Report. EFSA J 17:e05926. https://doi.org/10.2903/j.efsa.2019.5926.

2. Centers for Disease Control and Prevention. 2006. Preliminary FoodNet
data on the incidence of infection with pathogens transmitted commonly
through food: 10 States, United States, 2005. MMWR Morb Mortal Wkly
Rep 55:392–395.

3. Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson MA, Roy SL,
Jones JL, Griffin PM. 2011. Foodborne illness acquired in the United
States: major pathogens. Emerg Infect Dis 17:7–15. https://doi.org/10
.3201/eid1701.p11101.

4. Skarp CPA, Hanninen ML, Rautelin HIK. 2016. Campylobacteriosis: the
role of poultry meat. Clin Microbiol Infect 22:103–109. https://doi.org/10
.1016/j.cmi.2015.11.019.

5. Batz MB, Hoffmann S, Morris JG. 2012. Ranking the disease burden of
14 pathogens in food sources in the United States using attribution
data from outbreak investigations and expert elicitation. J Food Prot
75:1278–1291. https://doi.org/10.4315/0362-028X.JFP-11-418.

6. Gillespie IA, O'Brien SJ, Frost JA, Adak GK, Horby P, Swan AV, Painter MJ,
Neal KR. 2002. A case-case comparison of Campylobacter coli and

Campylobacter jejuni infection: a tool for generating hypotheses. Emerg
Infect Dis 8:937–942. https://doi.org/10.3201/eid0809.010817.

7. Scheinberg J, Doores S, Cutter CN. 2013. A microbiological comparison
of poultry products obtained from farmers' markets and supermarkets
in Pennsylvania. J Food Saf 33:259–264. https://doi.org/10.1111/jfs
.12047.

8. Gunther NW IV, Almond J, Yan X, Needleman DS. 2011. GyrB versus 16S rRNA
sequencing for the identification of Campylobacter jejuni, Campylobacter coli,
and Campylobacter lari. J Nucleic Acids Invest 2:7–42. https://doi.org/10
.4081/jnai.2011.2303.

9. Chin CS, Alexander DH, Marks P, Klammer AA, Drake J, Heiner C, Clum A,
Copeland A, Huddleston J, Eichler EE, Turner SW, Korlach J. 2013. Nonhy-
brid, finished microbial genome assemblies from long-read SMRT
sequencing data. Nat Methods 10:563–569. https://doi.org/10.1038/
nmeth.2474.

10. Koren S, Harhay GP, Smith TP, Bono JL, Harhay DM, McVey SD, Radune D,
Bergman NH, Phillippy AM. 2013. Reducing assembly complexity of mi-
crobial genomes with single-molecule sequencing. Genome Biol 14:R101.
https://doi.org/10.1186/gb-2013-14-9-r101.

11. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP, Zaslavsky

TABLE 1 Campylobacter coliwhole-genome sequencing results

Strain
name BioSample no.

GenBank
accession
no.

SRA
accession no.

Total
length
sequenced
(Mb)

No. of
reads

Read
N50

(bp)

Genome
coverage
(×)

Genome
size (bp)

GC
content
(%)

OrthoANI
(%)

No. of
genes

No. of
coding
sequences

No. of
RNAs

No. of
tRNAs

PSU-29 SAMN16083344 CP066487 SRR13175776 1,108.44 96,291 6,115 225 1,670,501 31.45 100 1,732 1,241 56 44
PSU-31 SAMN16083724 CP066486 SRR13175987 1,106.02 97,138 5,323 196 1,672,436 31.44 99.89 1,725 1,250 56 44
PSU-32 SAMN16083725 CP061537 SRR13142778 906.46 80,218 6,001 190 1,673,158 31.43 99.93 1,722 1,615 56 44

Gunther et al.

Volume 10 Issue 11 e00015-21 mra.asm.org 2

https://doi.org/10.2903/j.efsa.2019.5926
https://doi.org/10.3201/eid1701.p11101
https://doi.org/10.3201/eid1701.p11101
https://doi.org/10.1016/j.cmi.2015.11.019
https://doi.org/10.1016/j.cmi.2015.11.019
https://doi.org/10.4315/0362-028X.JFP-11-418
https://doi.org/10.3201/eid0809.010817
https://doi.org/10.1111/jfs.12047
https://doi.org/10.1111/jfs.12047
https://doi.org/10.4081/jnai.2011.2303
https://doi.org/10.4081/jnai.2011.2303
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1186/gb-2013-14-9-r101
https://www.ncbi.nlm.nih.gov/biosample/SAMN16083344
https://www.ncbi.nlm.nih.gov/nuccore/CP066487
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR13175776
https://www.ncbi.nlm.nih.gov/biosample/SAMN16083724
https://www.ncbi.nlm.nih.gov/nuccore/CP066486
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR13175987
https://www.ncbi.nlm.nih.gov/biosample/SAMN16083725
https://www.ncbi.nlm.nih.gov/nuccore/CP061537
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR13142778
https://mra.asm.org


L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI Prokaryotic
Genome Annotation Pipeline. Nucleic Acids Res 44:6614–6624. https://doi
.org/10.1093/nar/gkw569.

12. Lowe TM, Chan PP. 2016. tRNAscan-SE On-line: integrating search and con-
text for analysis of transfer RNA genes. Nucleic Acids Res 44:W54–W57.
https://doi.org/10.1093/nar/gkw413.

13. Zankari E, Hasman H, Cosentino S, Vestergaard M, Rasmussen S, Lund O,
Aarestrup FM, Larsen MV. 2012. Identification of acquired antimicrobial

resistance genes. J Antimicrob Chemother 67:2640–2644. https://doi.org/
10.1093/jac/dks261.

14. Yoon SH, Ha SM, Lim J, Kwon S, Chun J. 2017. A large-scale evaluation of
algorithms to calculate average nucleotide identity. Antonie Van Leeu-
wenhoek 110:1281–1286. https://doi.org/10.1007/s10482-017-0844-4.

15. Arndt D, Grant JR, Marcu A, Sajed T, Pon A, Liang YJ, Wishart DS. 2016.
PHASTER: a better, faster version of the PHAST phage search tool. Nucleic
Acids Res 44:W16–W21. https://doi.org/10.1093/nar/gkw387.

Microbiology Resource Announcement

Volume 10 Issue 11 e00015-21 mra.asm.org 3

https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkw413
https://doi.org/10.1093/jac/dks261
https://doi.org/10.1093/jac/dks261
https://doi.org/10.1007/s10482-017-0844-4
https://doi.org/10.1093/nar/gkw387
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

