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Genomic Characterization of Escherichia 
coli O157:H7 Associated with Multiple 

Sources, United States 
Appendix 1 

Supplemental Methods 

Sequence Selection and Retrieval 

All sequence data used in this study met minimum standards for submission to the 

PulseNet National database. To be submitted to PulseNet a sequence must be identified as the 

target genus by ANI, be free of contamination, have an average genome coverage of at least 40x 

(for Escherichia), and an average score greater than or equal to 30. Assembled genomes must 

fall between 4.9–5.9 MB in length. 

REPEXH01 Strain Definition 

In REPEXH01 isolates were defined as being related within 0–27 alleles by core genome 

multilocus sequence typing (cgMLST) and with an allele code designation of EC1.0 - 9.1.3.70x. 

Allele codes were developed and used by PulseNet, the national molecular subtyping network for 

foodborne disease surveillance in the United States. Allele codes provide a hierarchical name to 

show relatedness between isolates based on cgMLST and are used within PulseNet to help 

identify disease clusters or as a form of nomenclature for referencing strains (1,2). As of July 5, 

2023, 730 isolates in PulseNet met this definition. All 598 closely related isolates previously 

classified as REPEXH01 but subsequently reclassified were also included. These isolates were 

removed from the strain definition of REPEXH01 to narrow this strain to focus on a group of 

more closely related isolates primarily associated with past outbreaks linked to leafy greens and 

recreational water. 
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Screening espW Alleles 

The multiple alleles of espW (i.e., deletion, full length, insertion) were used as a query 

against a database of all isolate contigs using BLASTn v 2.14.0 with the following parameters: 

90% identity, 35% query coverage, ungapped alignments, and 10,000 maximum target sequences 

(3). For isolates where BLASTn did not identify espW in the assembled genome sequences, 

ARIBA v 2.12.0 was used to assemble to the espW gene from recruited reads using the default 

settings, and these assembled contigs were subsequently used to identify the espW allele (4). This 

strategy helped reduce false negatives due to assemblies with low contiguity. This workflow has 

been packages as a command line tool and is available on GitHub 

(https://github.com/ncezidbiome/espwAlleleCaller). 

Identification of Genomic Features 

Assemblies were screened for antimicrobial resistance determinants (ARDs) and were 

identified using staramr v 0.7.2 and the ResFinder database (last updated February 4, 2022) (5,6). 

Plasmid determinants were screened using abricate v 1.0.1 and a custom version of the 

PlasmidFinder database (https://github.com/StaPH-

B/resistanceDetectionCDC/blob/master/plasmidDatabase.fasta) (7,8). Point mutations associated 

with resistance were screened from raw reads using ARIBA v 2.12.0 and the PointFinder 

database (last updated July 2, 2019) (4,9). To provide important risk context, four informative 

SNPs (ECs2357, Ecs2521, Ecs3881, and Ecs4130) were used to determine membership in O157 

clades (hereafter referred to as Manning clades) initially described by Manning et al., which have 

been shown to have variable associations with severe disease, namely HUS (10,11). Using 

previously reported primers (12), PCR was performed in silico 

(https://github.com/ucscGenomeBrowser/kent/tree/master/src/isPcr) to determine the stx gene 

subtypes as previously described (11). 

Phylogenetic Reconstruction 

SNP analyses and molecular clock analyses is computationally intensive, therefore we 

aimed to keep our subsample under 300 isolates. We aimed to include early sequences to help 

root the tree, and included all available sequences that met the criteria of the REP strain or were 

identified to be closely related that were isolated through 2017, and sampled up to 100 sequences 

from the years 2018 and 2019 and included available sequences from 2020. Ultimately this REP 
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strain was reclassified as described previously and led to the designation of “former 

REPEXH01” isolates in this dataset. 

Single nucleotide polymorphism (SNP) analysis was performed on each subset was using 

LyveSET v 1.1.4f with the presets for Escherichia using the single chromosomal contig of 

2018C-3602 (NCBI accession: SAMN08964444) as the reference (13). Reads were cleaned 

using CG pipeline as employed in Lyve-SET. Gubbins v. 3.0.0 was used to generate a 

recombination free alignment (14). Isolates with more than 25% missing data were removed 

from the alignment. Output was analyzed using TempEST to assess temporal signal and identify 

outliers which were subsequently removed from the alignment (15,16). 

Exponential and Bayesian skyline tree priors were evaluated using both strict clock and 

lognormal relaxed clock methods in BEAST2 v 2.6.3, using bModel test v. 1.2.1 to perform 

substitution model averaging (15,17). The XML file from beauti was modified using the 

numbers of constant sites obtained by interrogating the pooled vcf file output from Lyve-SET. 

MCMC chains were run for 500,000,000 iterations with sampling every 50,000 iterations. Log 

files were inspected using Tracer v. 1.6. Chosen models converged and had strong ESS values in 

Tracer. Ultimately, we selected the Bayesian skyline model using the relaxed clock, since there 

was a sizable coefficient of variation around the clock rate observed in the relaxed clock 

indicating variability across branches, and a skyline model as it’s best suited to analyzed data 

where little is known about the population dynamics. TreeAnnotator was used to generate a 

maximum clade credibility tree using the “keep” option for height, setting the burnin at 10% and 

the posterior cutoff at 0.9. 

Prophage Identification in espW-containing Contigs 

BLASTn v 2.14.0 was used to search all espW-containing contigs for prophages (see 

Supplemental Material for more information). as queries against a putative prophage with the 

following parameters: 1 maximum high-scoring pair and 10,000 maximum target sequences. If 

≥90% of the prophage was covered by the BLAST hit or if ≥50% of the prophage was covered 

and ≥90% of the contig was covered by the BLAST hit, then the espW locus was classified as 

phage associated. If <50% of the phage was covered and ≥90% of the contig was covered, then 

the espW locus was classified as ambiguous. If <90% of the phage was covered and <90% of the 

contig was covered, then the espW locus was manually investigated. 
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