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Draft Genome Sequences of Novel Campylobacter Species
Isolated from Nonhuman Primates

Anthony Mannion,? Zeli Shen,® Alex Sheh,® James G. Fox2
2Division of Comparative Medicine, Massachusetts Institute of Technology, Cambridge, Massachusetts, USA

ABSTRACT Campylobacter species are being increasingly isolated and associated
with disease in humans and animals. Here, we describe four draft genome se-
quences of Campylobacter species from nonhuman primates. These include Cam-
pylobacter troglodytis, isolated from wild chimpanzees, and two likely new Cam-
pylobacter species isolated from a lemur, common marmoset, and cotton-top
tamarin.

ampylobacter species are Gram-negative, microaerophilic bacteria that colonize the
gastrointestinal and urogenital tracts of human and animal species (1). Infection by
Campylobacter species, namely, C. jejuni, is implicated in gastroenteritis, septicemia,
and in some cases Guillain-Barré syndrome. In humans, infection usually occurs after
exposure to contaminated food, particularly chicken, and/or water. Domestic, wild, and
captive animals, especially avian species, are significant reservoirs for Campylobacter
species (1). Recently, the Centers for Disease Control and Prevention reported an
outbreak of diarrheal illness due to C. jejuni infection transmitted after contact with
puppies (2). As such, novel Campylobacter species are being increasingly identified from
numerous animal species populations and require characterization of their pathogenic
potential and zoonotic risk. Previously, our lab isolated Campylobacter troglodytis from
the feces of a wild population of human-habituated asymptomatic chimpanzees (3).
This organism has since been detected in the feces of infants prone to enteric infectious
diseases living in developing countries (4). In this report, we describe the draft genome
sequences for Campylobacter troglodytis and three novel campylobacters isolated from
the feces of an asymptomatic captive lemur with a history of vomiting, a cotton-top
tamarin with idiopathic inflammatory bowel disease, and an asymptomatic common
marmoset.
Fecal samples were collected and then homogenized in freeze medium (20%
glycerol in brucella broth). Fecal mixtures were passed through 0.45-um syringe filters
onto CVA plates or tryptic soy agar plates with 5% sheep blood (Remel Laboratories, Citation Mannion A, Shen Z, Sheh A, Fox JG.
. . . " 2020. Draft genome sequences of novel
Lenexa, KS). Plates were incubated at 37°C under microaerobic conditions (80:10:10 T R -
N,-CO,-H,) in a vented jar for 48 hours, and suspect campylobacter colonies were nonhuman primates. Microbiol Resour
further passaged for 24 to 48 hours and incubated at 37°C and 42°C. Isolates were mlog‘g;zg%m‘m"zo' mifgsjdiatieey AT 128
confirmed as campylobacters on the basis of colony morphology, Gram staining, Editor lrene L. G. Newton, Indiana University,
biochemical reactions, and 16S rRNA sequencing. Campylobacter isolates grown on Bloomington
blood agar plates under microaerobic conditions for 48 to 72 hours at 37°C were Copyright © 2020 Mannion et al. This is an
collected using sterile cotton swabs into sterile phosphate-buffered saline (PBS) and open-access article distributed under the terms
of the Creative Commons Attribution 4.0
then centrifuged to prepare bacterial pellets. Genomic DNA was isolated from bacterial riemeiiens] e,
pellets using the MasterPure complete DNA and RNA purification kit or Roche High Address correspondence to James G. Fox,
Pure PCR product purification kit. DNA libraries were prepared using a NexteraXT or jgfox@mit.edu.
QIAseq FX DNA library kit for the lllumina MiSeq instrument (2 X 250-bp or 2 X 300-bp iiﬁ:&iiﬁiiffﬁﬁ%é%zo
paired-end reads). Raw sequence reads were decontaminated of adapters and quality Published 9 April 2020
trimmed using BBDuk (5) for de novo contig assembly with SPAdes (version 3.10.0),

ADOTONHOIL 40 1SNI SSVIA ¥e 020z ‘G Aey uo /Bio wse eiw//:dny wody papeojumoq

y

Volume 9 Issue 15 e00146-20 Bl

mra.asm.org 1


https://doi.org/10.1128/MRA.00146-20
https://doi.org/10.1128/MRA.00146-20
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:jgfox@mit.edu
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.00146-20&domain=pdf&date_stamp=2020-4-9
https://mra.asm.org
http://mra.asm.org/

logy

_‘ !\!IWicrob

Mannion et al.

Downloaded from http://mra.asm.org/ on May 5, 2020 at MASS INST OF TECHNOLOGY

speas pua-paiied dg-00€
X T bagin eurwnji
Aieaqi| YNQ X4 basvio W
uonoenxs YNg uonedyund

(sny2opf x1yapd) 19sowIew

LZL-61 LIW

1npoid Ydd aind YBIH Y20y  $9£//60LHYS 0000000004rAVYI 098'8Z€'E € ot G/8'L V€ §69'/88'L L'TvE  ¥60'S81 [T uowwod 3Anded diewoydwAsy sa1>ads 4a1o0qojAdwv)
speas pua-palied
dg-05z x 7 basiy euiwn
I} Areiql] 1Xe1xoN
‘13 uonesyund YNy pue Bunjwon jo Aioisiy 0855-CL 1IN
VNG 219]dwod 3indJa1seN  £896160144S 00000000 TXN 076'796 € or 96/'L 7€ 6££'6T8'L 66'STL  S8€°06T vT YUM (SUDJj0> Inwidjng) INWa] sa1>ads 4a1o0qojAdw)
speas pua-paiied dg-00€
X T basiy eutwnyj ‘uy
Kieiql) YNQ x4 basyio 9seasIp |amoq Alojewwepul
uolpenxs yNg uonedyund YuM (sndipao snuinbps) 112/-66 1IN
1npoid Ydd 3ind YBIH Y204  $89616014YS 000000001 THO 00€'6L'L 14 194 68L'L 0vE £91'68L'L S/91  ¥L0'T8L L€ unewe) doj-uonod aanded saads Ja1nqojAdwin)
speas pua-paited dg-00€
X T basiy eunwnyi|
Areaqil VNG X4 basvio Wy
uonoenxe YNg uonedyund (sa3hpojbouy unvd) V6v16-S0 LIW uleils
1npoid Y¥dd 3ind YBIH 34204  ¥896160L4YHS 00000000ITHO 88Y'vLV'L € Ly 169'C TSE S8L'SY6'T 90l 9TZEOV G6¢  @dzuedwiyd pjim dnewordwAsy  suApojbos sarpqojhduind
uonewJojul bupuanbas ‘ou uoissadde *OU UOISS3Ide |oJ3U0d> SYNY4 SYNY} suieroid (%) (dq) azis (x) (dq) °Sy sbnuod 1SOH aweu d)e|os|
vys jjueguan Ayjenb Jaje Jo "ON JO 'ON  JO "ON 3JUJU0d Bwoudn dbesdano) Jo ‘oN
speai Jo ‘ON 7+9

soisiels Arewwins awouso | 319V.L

mra.asm.org 2

Issue 15 e00146-20

Volume 9


https://www.ncbi.nlm.nih.gov/nuccore/QHLI00000000
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR10919684
https://www.ncbi.nlm.nih.gov/nuccore/QHLJ00000000
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR10919685
https://www.ncbi.nlm.nih.gov/nuccore/NXLK00000000
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR10919683
https://www.ncbi.nlm.nih.gov/nuccore/JAADJR000000000
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR10977364
https://mra.asm.org
http://mra.asm.org/

Microbiology Resource Announcement & Microbicloay

_E Campylobacter concisus 13826 [GenBank CP000792]
Campylobacter concisus strain ATCC 33237 [GenBank CP012541]

= Campylobacter rectus RM3267 [GenBank ACFU00000000]
= Campylobacter showae CSUNSWCD [GenBank AMZQ00000000]
Campylobacter showae RM3277 [GenBank ACVQ00000000]
Campylobacter curvus 525.92 [GenBank CP000767]
—— Campylobacter gracilis RM3268 [GenBank ACYG00000000]
L"Campylobacter gracilis strain ATCC 33236 [GenBank CP012196]
Campylobacter mucosalis strain DSM 21682 [GenBank JHQQ00000000]
- Campylobacter pinnipediorum subsp. caledonicus strain M203/00/3 [GenBank MBGA00000000]

Campylobacter pinnipediorum subsp. pinnipediorum strain RM17260 [GenBank CP012546]

— Campylobacter sputorum biovar sputorum INTA08/209 [GenBank JMTI00000000]
Campylobacter hominis ATCC BAA-381 [GenBank CP000776]
_l - :m Campylobacter ureolyticus ACS-301-V-Sch3b [GenBank AGYD00000000]

Campylobacter ureolyticus RIGS 9880 [GenBank CP012195]
Lampylobacter fetus subsp. fetus 82-40 [GenBank CP000487]
rl;; Campylobacter fetus subsp. fetus strain NCTC10842 [GenBank LS483431]
— Campylobacter fetus subsp. testudinum strain 772 [GenBank CP027287]
Campylobacter fetus subsp. testudinum strain pet-3 [GenBank CP009226]
Campylobacter iguaniorum strain 2463D [GenBank CP010995]
_ECampylobacter fetus subsp. fetus strain 006A-0196 [GenBank FAUT00000000]

= Campylobacter hyointestinalis strain ATCC 35217 [GenBank FPBB00000000]
Campylobacter hyointestinalis subsp. lawsonii CCUG 27631 [GenBank CP015576]
Campylobacter lanienae strain NCTC13003 [GenBank UFVC01000000]
Campylobacter lanienae strain P0084 [GenBank MJJG00000000]
Campylobacter insulaenigrae NCTC 12927 [GenBank CP007770]
Campylobacter volucris LMG 24379 [GenBank CP007774]
Campylobacter lari RM2100 [GenBank CP000932]
Campylobacter peloridis LMG 23910 [GenBank CP007766]
Campylobacter subantarcticus LMG 24377 [GenBank CP007773]
- Campylobacter coli RM4661 [GenBank CP007181]
Campylobacter coli strain OR12 [GenBank CP013733]
Campylobacter jejuni subsp. jejuni NCTC 11168 = ATCC 700819 [GenBank AL111168]
Sampylobacter hepaticus strain HV10 [GenBank LUKK00000000]
Campylobacter hepaticus strain SA_1/SA [GenBank WHMQ01000000]
Campylobacter helveticus strain ATCC 51209 [GenBank CP020478]
Campylobacter upsaliensis RM3195 [GenBank AAFJ00000000]
Campylobacter upsaliensis JV21 [GenBank AEPU00000000]
i Campylobacter cuniculorum DSM 23162 [GenBank JHZL00000000]
_IT_%mpylobacter species MIT 99-7217 [GenBank QHLJ01000000] «———
Campylobacter troglodytis strain MIT 05-9149A [GenBank QHLI01000000] «————
r Campylobacter avium LMG 24591 [GenBank CP022347]
o Campylobacter species MIT 12-5580 [GenBank NXLK01000000] +—————
] Gampylobacter species MIT 19-121 [GenBank JAADJR000000000] +————
Campylobacter species MIT 12-8780 [GenBank QHLL01000000]
I Helicobacter hepaticus ATCC 51449 [GenBank AE017125]
Helicobacter pylori 26695 [GenBank AE000511]

0.04

FIG 1 Pangenomic phylogenetic tree of representative genomes for each species in the Campylobacter genus. C. troglodytis strain MIT 05-9149A, Campylobacter
species strain MIT 99-7217, Campylobacter species strain MIT 12-5580, and Campylobacter species strain MIT 19-121 (red arrows) are located in a distinct clade
that also includes Campylobacter species strain MIT 12-8780 from the white-faced saki as well as C. avium.

hosted by PATRIC (accessed 1 February 2020) (6). Genome annotation was performed
using Prokaryotic Genome Annotation Pipeline (PGAP) (version 4.11) (7). The assembly
statistics for the draft genomes are described in Table 1.

A pangenomic phylogenetic tree created from the binary matrix of PATRIC global
protein family groups with IQ-TREE (version 1.6.12) (8, 9) indicated that all novel
genomes belonged to the Campylobacter genus but clustered within a distinct
clade that includes C. avium (Fig. 1). Average nucleotide identity (ANI) and digital
DNA-DNA hybridization (dDDH) analysis using pyani (version 0.2.10) (10) and the
Genome-to-Genome Distance Calculator (version 2.1; accessed 3 April 2020) (11),
respectively, confirmed that all the genomes were novel Campylobacter species.
Also, ANI and dDDH analysis determined that Campylobacter species strain MIT
12-5580 from lemurs and Campylobacter species strain MIT 19-121 from marmosets
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are both the same species as Campylobacter species strain MIT 12-8780 from the
white-faced saki (GenBank accession number QHLL0O1000000) (12).
The novel Campylobacter species genomes encode notable virulence factor genes,
including flagella, campylobacter invasion antigen B (ciaB), and high-temperature
requirement A serine protease (htrA) as determined through DIAMOND blast (version
0.9.29) (13) against the Virulence Factors Database (VFDB) (14). Campylobacter species
strain MIT 99-7217 from a cotton-top tamarin, Campylobacter species MIT 12-5580 from
a lemur, and Campylobacter species MIT 19-121 from a marmoset also harbor cytolethal
distending toxin (CDT), a known genotoxin, which exacerbates gastrointestinal
inflammation and carcinogenesis (15, 16). Due to the challenges presented for
successful culturing of Campylobacter species and because biochemical profiles and
16S rRNA sequences cannot always differentiate these species, the detection and
accurate identification of these campylobacters may be underrepresented (1).
Nevertheless, emerging Campylobacter species typically found in animal reservoirs,
such as C. upsaliensis, C. lari, C. hyointestinalis, and C. troglodytis, have pathogenic
potential and are being increasingly associated with gastrointestinal illness in
humans (4, 17, 18). Therefore, increased attention of the pathogenic potential and
zoonotic risk of novel Campylobacter species is warranted.
Data availability. Genome sequences have been deposited in GenBank under

the accession

numbers  QHLIO0000000,

QHLJ00000000, NXLK00000000,

and

JAADJR000000000. Sequencing reads have been deposited in SRA under the accession
numbers SRR10919684, SRR10919685, SRR10919683, and SRR10977364.
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