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ABSTRACT Between 2018 and 2019, Salmonella enterica serotype Reading caused a large,
multistate outbreak linked to contact with raw turkey products in the United States. Here,
we provide five Salmonella Reading reference genomes collected from US patients between
2016 and 2018.

almonella enterica serotype Reading is uncommonly associated with human illness, but

caused a multistate outbreak linked to contact with raw turkey products from 2018 to
2019 in the US (1). Previous phylogenetic analyses identified three Hadar clades. Clade 1
contained the “emergent” 2018 to 2019 outbreak-associated subclade, which was genetically
distinct from a “contemporary” subclade of previously circulating Reading strains, partially due
to the acquisition of mobile genetic elements (MGE) (2). Clade 2 primarily contained human
isolates, and its pangenome was considerably smaller than those of the other clades, but fur-
ther analysis to understand these differences was not performed (2). Closed sequences of
Reading are required for pangenome exploration and to further understand the novel
“emergent” subclade, but only 11 are currently available (3, 4), and none are from US patients.
Here, we generated five complete clinical Reading sequences from Clades 1 and 2 to serve
as references.

Five Reading isolates from human illnesses were chosen for long-read sequencing to repre-
sent human-associated Reading diversity before and during the outbreak: two “contemporary”
Clade 1 isolates (2018), one “emergent” Clade 1 isolate (2017), and two Clade 2 isolates col-
lected before the outbreak (2016 to 2017). Isolates originated from clinical diagnostic or
public health laboratories (PHL) as part of the CDC's national passive Salmonella surveillance
(https://www.cdc.gov/nationalsurveillance/salmonella-surveillance.html); thus, isolation meth-
ods vary by site (5). Serotype was confirmed in silico using SeqSero2 v0.1 (6). Genomic DNA
was extracted (Wizard Genomic DNA purification kit, modified manufacturer’s protocol,
Promega, WI, USA) from cultures incubated on tryptic soy agar-sheep blood overnight
(37°Q). Libraries were prepared (Rapid Barcoding kit SQK-RBK004; manufacturer’s proto-
col, Oxford Nanopore Technologies [ONT], Oxford, United Kingdom) and sequenced for
72 h on a GridION sequencing platform (R9.4.1 flowcells; ONT). Reads were base-called
using Guppy v4.2.2 and filtered for quality using MinKNOW (ONT). Hybrid assemblies were
generated, polished, circularized, and rotated using Unicycler v0.4.8 (conservative option)
(7); the corresponding lllumina short reads (previously generated at PHL through PulseNet,
https://www.cdc.gov/pulsenet/) were accessed through NCBI's Short Read Archive (https://
www.ncbi.nlm.nih.gov/sra). Assemblies were quality controlled using QUAST v5.0.2 (8) and
blastn v2.9.0 (9). Resistance determinants and plasmid replicons were detected using an inter-
nal workflow that employs the ResFinder database (downloaded 30JUL2020; 90% identity,

July 2022 Volume 11 Issue 7

Editor David Rasko, University of Maryland
School of Medicine

Copyright © 2022 Webb et al. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Jason P. Folster,
jpfolster@cdc.gov.

The authors declare no conflict of interest.

Received 15 April 2022
Accepted 14 May 2022
Published 21 June 2022

10.1128/mra.00388-22 1


https://orcid.org/0000-0002-1190-7930
https://orcid.org/0000-0003-3858-0015
https://orcid.org/0000-0003-4758-6857
https://orcid.org/0000-0001-8514-5118
https://www.cdc.gov/nationalsurveillance/salmonella-surveillance.html
https://www.cdc.gov/pulsenet/
https://www.ncbi.nlm.nih.gov/sra
https://www.ncbi.nlm.nih.gov/sra
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/mra.00388-22
https://crossmark.crossref.org/dialog/?doi=10.1128/mra.00388-22&domain=pdf&date_stamp=2022-6-21

Microbiology Resource Announcements

Announcement

‘([0L] /ejdod/s2 uedIUN WODIP O[S //:5d11Y) Y1d0D Buisn Z 9zis Jo 4a1sn|d NGSHS e Jo Med si A1anb 1nqg ‘paubisse N1d ON»
*(2) *1e 12 191 Aq pauyap se ape|d dieuabolyd paseq-(dNS) wsiydiowAjod apriospnu 3jbuls 103 dWouab-3|0YMg
"J1un >lwouoxe) pluwseld ‘n1d @dA3y adusnbas ‘] s,

SUON SUON SUON €6 [4 £10T 969'vYS'y 61Cs L LLL9YL 6'9€1'9 T59'EL SL9VYS'Y we'ETL'Y SST SLLES/BLYYS €6Z760dD €€66656144S  OFTIEFZONWYS  £ZLOTOSYSNNA

SUON SUON SUON €6 [4 Loz 9S6'EVS'y (%49 L 961'%87 £896'S frd4d) 9S6'EVSy 0SL'LEY'L (tiz4 LLLES/BLYYS YELE60dD €L16L6EHYS L9ZLEYSONWYS  610€00SYSNNG
paubisse lio¥¥102 €ELE60dD

Nld ON ‘87avHd|0D B AT abiawsa | ape|d £10T LLL'LS9Y 0z'es [4 S95'8yL §'SL6'y  98€LL L8E'[V9'Y 0£0'9SS (344 9LLESLBLYYS ‘T€1€60dD 67965954YS  SEVE6LLONWYS  0S6¢7L0SYSNNG
LELE6OdD
JAdjod Aiesodwaruod ‘0£1£60dD

L13-NLd ‘2-N1d ‘(e3ep)zPul SUON (434 L apepp 8L0z vLO0'TYL'Y 90T € €19°10T S¥'s S99'LL +06'L89' TLE'EV0’L 144 PLLES/BLYYS '671€60dD 0P6SSLLYYS  0S066L60NWYS — €S96E0SYSNNG
Kieiodwaiuod 8¥1£60dD

L13-nld DAd|oD BUON (434 L apeD 8L0T 5180897 6LCS 4 16£'80C Lvpl'S  6/50L 61L'8/9' r/'SE8 344 €1LES/8LYYS '[¥1€60dD LELLTEBYYS  806LO90LNWYS  €9S090SYSNNJ

Nnid (s)uodydaa SjuRUIWIRIBP 1s .2Ped Ik (dq) (%) 3us3u0d  sbpuod speal (dq) yibua| (dq) (dq) N speai Yybus| vHS juegusn  yYyS pealoys a|dwesoig ‘ou ulens

plwse|d aduessisay uondd|0)  2zIS|e30) 29 J0°oN 40 "ON pea. ueay N B1uo> Jo'ON  peaiuesy peas buoT
peai-buoy peai-1ioys SI3qWNU uoIssadde |gON

»SN Y3} Ul suewNy woJy paie|osi sawouab buipeay adA1043s po1Ia1Ua DjjaUOW|DS SAY 10} UORWIOUI AlewwnS | 319V.L

2

10.1128/mra.00388-22

July 2022 Volume 11 Issue 7


https://www.ncbi.nlm.nih.gov/biosample/SAMN10601908
https://www.ncbi.nlm.nih.gov/sra/SRR8327737
https://www.ncbi.nlm.nih.gov/nuccore/CP093147
https://www.ncbi.nlm.nih.gov/nuccore/CP093148
https://www.ncbi.nlm.nih.gov/sra/SRR18753113
https://www.ncbi.nlm.nih.gov/biosample/SAMN09199050
https://www.ncbi.nlm.nih.gov/sra/SRR7155940
https://www.ncbi.nlm.nih.gov/nuccore/CP093129
https://www.ncbi.nlm.nih.gov/nuccore/CP093130
https://www.ncbi.nlm.nih.gov/nuccore/CP093131
https://www.ncbi.nlm.nih.gov/sra/SRR18753114
https://www.ncbi.nlm.nih.gov/biosample/SAMN07193435
https://www.ncbi.nlm.nih.gov/sra/SRR5659649
https://www.ncbi.nlm.nih.gov/nuccore/CP093132
https://www.ncbi.nlm.nih.gov/nuccore/CP093133
https://www.ncbi.nlm.nih.gov/sra/SRR18753116
https://www.ncbi.nlm.nih.gov/biosample/SAMN05437761
https://www.ncbi.nlm.nih.gov/sra/SRR3979113
https://www.ncbi.nlm.nih.gov/nuccore/CP093134
https://www.ncbi.nlm.nih.gov/sra/SRR18753117
https://www.ncbi.nlm.nih.gov/biosample/SAMN07436240
https://trace.ncbi.nlm.nih.gov/Traces/sra/?run=SRR19599933
https://www.ncbi.nlm.nih.gov/nuccore/CP094293
https://www.ncbi.nlm.nih.gov/sra/SRR18753115
https://castillo.dicom.unican.es/copla/
https://journals.asm.org/journal/mra
https://doi.org/10.1128/mra.00388-22

Announcement

Microbiology Resource Announcements

50% coverage) and the PointFinder scheme for Salmonella spp. (downloaded 30 August
2019), and an in-house database adapted from PlasmidFinder (90% identity, 60% coverage;
https://cge food.dtu.dk/services/PlasmidFinder/), all implemented in staramr v.0.4.0 (https://
github.com/phac-nml/staramr). Plasmid taxonomic units (PTUs) were identified using
COPLA (10). Sequence types (ST) were determined using staramr (multilocus sequence
typing [MLST] software [https://github.com/tseemann/milst] and the PUbMLST database
[11]). The default parameters were used for all software unless otherwise specified.
Consistent with the previous analysis (2), Clade 1 genomes were larger than Clade 2
genomes by at least ~110 kb, due to the presence of plasmids and MGE (Table 1). Of note,
PNUSAS014950 contained a ~10-kb resistance plasmid (replicons ColpHAD28 and Col440ll,
PTU not assigned; Table 1) that was previously found to be significantly more common in
the “emergent” 2018 to 2019 outbreak-associated subclade (2). This plasmid was first seen
in Reading in 2014 and may be of particular interest for further investigation (2).

Data availability. The sequences discussed here have been deposited in GenBank
and SRA under the accession and BioSample numbers listed in Table 1.
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