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ABSTRACT Genome sequences of Escherichia coli O157:H7 originating from pigs
are limited in the public databases. We sequenced 104 E. coli O157:H7 isolates from
pig and cattle feces and pork production environments in Alberta, Canada. The infor-
mation will aid studies investigating sources of E. coli O157:H7 contaminating pork
and the associated environments.

Shiga toxin-producing Escherichia coli O157:H7 can cause human disease ranging
from self-limiting diarrhea to severe hemolytic uremic syndrome (HUS) (1–4). Cattle

are a major reservoir of E. coli O157:H7 (5), and consequently, E. coli O157:H7 outbreaks
attributed to contaminated beef are frequently reported (6). In contrast, published
accounts have shown that the prevalence of E. coli O157:H7 in pigs is very low (7–19).
However, three E. coli O157:H7 outbreaks (2014, 2016, and 2018) associated with pork
in Alberta, Canada, have been reported (20–22). It was unclear whether the E. coli O157
isolates in the pork products were pig-adapted strains or due to cross-contamination
from cattle. A surveillance study (23) and outbreak-related investigations recovered
Shiga toxin gene-containing O157:H7 from pig fecal samples and pork production
environments in Alberta. This study sequenced the genomes of these isolates and
O157:H7 isolated from cattle in Alberta to identify the potential source of O157:H7 con-
taminating pork. These isolates included E. coli O157:H7 recovered from pigs (n = 41;
Pig01 to Pig41), pork production-related environments (n = 25; Env01 to Env25), and
cattle (n = 38; Cat01 to Cat12, Cat14 to Cat19, Cat21 to Cat23, and Cat25 to Cat41) in
Alberta, Canada (23–29) (Table 1). Pig isolates were recovered from either the cecal
contents of pigs in pork processing facilities or pig feces from barns (23). Cattle isolates
were recovered from cattle rectal grabs and feces from the floors of feedlot pens or
transportation trucks (24–29). The environmental isolates included those that had
been recovered from water (Env22), manure (Env21), a mouse fecal sample (Env16),
and pig feces (Env17 to Env20 and Env23 to Env25) on farms; pig carcasses (Env06 to
Env14) in pork processing plants; sponge samples from processing environments
(Env03 and Env15); and pork (Env01, Env02, Env04, and Env05) from retailers (23). The
presence of Shiga toxin genes in these isolates was confirmed using PCR methods as
described in previous studies (23–29).

Each isolate was grown in half-strength brain heart infusion broth (Oxoid,
Mississauga, ON, Canada) at 35°C for 18 h. The DNA of cultures was extracted using a
MasterPure complete DNA and RNA purification kit (Lucigen, Middleton, WI, USA) fol-
lowing the manufacturer’s instructions and was sequenced by Genome Quebec
(Montreal, QC, Canada). Sequencing libraries were constructed using a NEBNext Ultra II
DNA library prep kit and sequenced for 150� 2 cycles using an Illumina HiSeq 4000

Citation Zhang P, Essendoubi S, Keenliside J,
Reuter T, Stanford K, King R, Lu P, Yang X. 2021.
Genome sequences of 104 Escherichia coli
O157:H7 isolates from pigs, cattle, and pork
production environments in Alberta, Canada.
Microbiol Resour Announc 10:e01320-20.
https://doi.org/10.1128/MRA.01320-20.

Editor David Rasko, University of Maryland
School of Medicine

© Crown copyright 2021. This is an open-
access article distributed under the terms of
the Creative Commons Attribution 4.0
International license.

Address correspondence to Xianqin Yang,
xianqin.yang@canada.ca.

Received 20 November 2020
Accepted 9 January 2021
Published 28 January 2021

Volume 10 Issue 4 e01320-20 mra.asm.org 1

GENOME SEQUENCES

https://orcid.org/0000-0001-7794-581X
https://doi.org/10.1128/MRA.01320-20
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:xianqin.yang@canada.ca
https://mra.asm.org
https://crossmark.crossref.org/dialog/?doi=10.1128/MRA.01320-20&domain=pdf&date_stamp=2021-1-28


TABLE 1 Genome characteristics of 104 Escherichia coli O157:H7 isolates recovered from pigs, cattle, and pork production environments in
Alberta, Canada

Isolate

Reference
or source
for
isolatesa

Isolation
source

Total no.
of raw
reads

Approximate
coverage by
trimmed
reads (×)

Assembled
genome
size (bp)

G+C
content
(%)

No. of
contigs N50 (bp)

No. of
coding
genes

GenBank accession no.

SRA Genome
Cat01 24 Cattle feces 6,161,335 204 5,406,716 50.19 203 15,1274 5,126 SRR12593972 JACXCH000000000.1
Cat02 24 Cattle feces 6,181,796 204 5,372,624 50.3 194 146,648 5,100 SRR12593971 JACXCI000000000.1
Cat03 24 Cattle feces 6,431,179 214 5,370,569 50.3 201 158,564 5,099 SRR12593956 JACXCJ000000000.1
Cat04 24 Cattle feces 5,253,742 165 5,394,228 50.3 218 158,564 5,126 SRR12593881 JACXCK000000000.1
Cat05 24 Cattle feces 5,681,813 186 5,283,362 50.3 172 157,968 4,980 SRR12593870 JACXCL000000000.1
Cat06 24 Cattle feces 5,695,423 191 5,302,207 50.3 161 149,125 5,003 SRR12593943 JACXCM000000000.1
Cat07 24 Cattle feces 5,246,946 174 5,341,015 50.29 173 157,969 5,055 SRR12593912 JACXCN000000000.1
Cat08 24 Cattle feces 5,787,961 192 5,406,390 50.24 187 157,855 5,142 SRR12593901 JACXCO000000000.1
Cat09 24 Cattle feces 6,369,653 209 5,432,093 50.34 181 188,185 5,136 SRR12593930 JACXCP000000000.1
Cat10 24 Cattle feces 5,610,289 174 5,433,395 50.34 174 188,185 5,140 SRR12593919 JACXCQ000000000.1
Cat11 24 Cattle feces 6,294,163 205 5,339,787 50.3 181 149,125 5,044 SRR12593970 JACXCR000000000.1
Cat12 24 Cattle feces 5,840,896 184 5,320,499 50.29 167 188,185 5,027 SRR12593965 JACXCS000000000.1
Cat14 24 Cattle feces 5,550,948 186 5,341,635 50.27 183 148,373 5,058 SRR12593964 JACXCT000000000.1
Cat15 24 Cattle feces 5,498,559 183 5,379,913 50.31 178 149,902 5,110 SRR12593963 JACXCU000000000.1
Cat16 24 Cattle feces 6,947,687 232 5,469,389 50.31 173 159,924 5,207 SRR12593962 JACXCV000000000.1
Cat17 24 Cattle feces 5,651,228 187 5,333,473 50.28 176 149,902 5,041 SRR12593961 JACXCW000000000.1
Cat18 24 Cattle feces 6,042,478 203 5,336,104 50.29 180 149,902 5,044 SRR12593960 JACXCX000000000.1
Cat19 24 Cattle feces 5,752,161 191 5,412,991 50.3 221 147,698 5,150 SRR12593959 JACXCY000000000.1
Cat21 24 Cattle feces 6,624,682 216 5,340,590 50.29 171 151,080 5,058 SRR12593958 JACXCZ000000000.1
Cat22 25 Cattle feces 5,416,513 170 5,409,663 50.31 218 147,636 5,146 SRR12593957 JACXDA000000000.1
Cat23 25 Cattle feces 5,420,488 177 5,336,464 50.28 176 157,969 5,051 SRR12593955 JACXDB000000000.1
Cat25 25 Cattle feces 6,812,867 225 5,347,895 50.27 189 148,495 5,068 SRR12593954 JACXDC000000000.1
Cat26 25 Cattle feces 8,803,343 282 5,421,915 50.27 167 15,0416 5,160 SRR12593953 JACXDD000000000.1
Cat27 28 Cattle feces 5,332,323 176 5,360,243 50.29 200 147,636 5,072 SRR12593888 JACXDE000000000.1
Cat28 28 Cattle feces 6,718,640 223 5,367,096 50.29 204 148,495 5,080 SRR12593887 JACXDF000000000.1
Cat29 AAF Cattle feces 5,957,708 190 5,397,794 50.29 158 149,125 5,109 SRR12593886 JACXDG000000000.1
Cat30 AAF Cattle feces 6,120,909 201 5,466,098 50.2 202 148,373 5,213 SRR12593885 JACXDH000000000.1
Cat31 26 Cattle feces 7,256,603 244 5,437,015 50.31 194 148,373 5,167 SRR12593884 JACXDI000000000.1
Cat32 26 Cattle feces 5,319,024 169 5,320,934 50.29 171 157,969 5,029 SRR12593883 JACXDJ000000000.1
Cat33 26 Cattle feces 6,238,940 204 5,316,169 50.29 167 188,185 5,022 SRR12593882 JACXDK000000000.1
Cat34 26 Cattle feces 5,522,086 168 5,378,008 50.31 176 149,902 5,104 SRR12593880 JACXDL000000000.1
Cat35 27 Cattle feces 5,466,632 173 5,342,583 50.29 179 151,007 5,052 SRR12593879 JACXDM000000000.1
Cat36 27 Cattle feces 5,911,358 193 5,383,505 50.31 172 157,954 5,115 SRR12593878 JACXDN000000000.1
Cat37 29 Cattle feces 6,327,181 209 5,440,787 50.3 176 157,968 5,166 SRR12593877 JACXDO000000000.1
Cat38 29 Cattle feces 6,533,695 220 5,409,551 50.34 160 189,393 5,143 SRR12593876 JACXDP000000000.1
Cat39 29 Cattle feces 5,003,894 163 5,408,802 50.34 170 189,393 5,129 SRR12593875 JACXDQ000000000.1
Cat40 29 Cattle feces 6,521,926 218 5,335,567 50.29 185 149,902 5,043 SRR12593874 JACXDR000000000.1
Cat41 29 Cattle feces 5,306,685 168 5,442,177 50.31 176 157,967 5,169 SRR12593873 JACXDS000000000.1
Env01 AAF Raw pork 6,218,151 206 5,328,566 50.29 179 157,974 5,033 SRR12593872 JACXDT000000000.1
Env02 AAF Processed pork 6,669,985 212 5,312,222 50.3 165 210,214 5,003 SRR12593871 JACXDU000000000.1
Env03 AAF Pork processing

environment
5,048,014 169 5,312,342 50.3 167 210,214 5,005 SRR12593869 JACXDV000000000.1

Env04 AAF Raw pork 6,158,441 202 5,309,028 50.29 163 210,214 5,011 SRR12593952 JACXDW000000000.1
Env05 AAF Raw pork 6,737,233 225 5,313,732 50.3 165 210,214 5,008 SRR12593951 JACXDX000000000.1
Env06 23 Pig carcass 4,580,260 144 5,348,089 50.31 153 157,969 5,061 SRR12593950 JACXDY000000000.1
Env07 23 Pig carcass 6,721,212 217 5,419,603 50.36 185 159,739 5,160 SRR12593949 JACXDZ000000000.1
Env08 23 Pig carcass 5,728,672 195 5,372,825 50.27 197 157,855 5,096 SRR12593948 JACXEA000000000.1
Env09 23 Pig carcass 6,352,130 206 5,419,847 50.36 184 159,739 5,163 SRR12593947 JACXEB000000000.1
Env10 23 Pig carcass 4,915,715 166 5,419,859 50.36 192 157,969 5,157 SRR12593946 JACXEC000000000.1
Env11 23 Pig carcass 6,976,628 222 5,420,985 50.36 188 159,739 5,162 SRR12593945 JACXED000000000.1
Env12 23 Pig carcass 7,435,484 257 5,340,088 50.29 172 157,969 5,055 SRR12593944 JACXEE000000000.1
Env13 23 Pig carcass 6,364,677 204 5,340,978 50.29 171 15,7969 5,059 SRR12593942 JACXEF000000000.1
Env14 23 Pig carcass 6,258,189 192 5,338,618 50.29 178 149,902 5,050 SRR12593941 JACXEG000000000.1
Env15 AAF Pork processing

environment
5,723,730 182 5,385,993 50.33 173 159,924 5,113 SRR12593940 JACXEH000000000.1

Env16 AAF Mouse feces 5,371,194 168 5,313,215 50.29 166 210,214 5,003 SRR12593939 JACXEI000000000.1
Env17 AAF Pig feces 5,652,952 184 5,374,139 50.27 205 148,707 5,089 SRR12593938 JACXEJ000000000.1
Env18 AAF Pig feces 4,981,227 162 5,401,842 50.29 172 151,080 5,123 SRR12593937 JACXEK000000000.1
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https://www.ncbi.nlm.nih.gov/sra/SRR12593972
https://www.ncbi.nlm.nih.gov/nuccore/JACXCH000000000.1/
https://www.ncbi.nlm.nih.gov/sra/SRR12593971
https://www.ncbi.nlm.nih.gov/nuccore/JACXCI000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593956
https://www.ncbi.nlm.nih.gov/nuccore/JACXCJ000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593881
https://www.ncbi.nlm.nih.gov/nuccore/JACXCK000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593870
https://www.ncbi.nlm.nih.gov/nuccore/JACXCL000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593943
https://www.ncbi.nlm.nih.gov/nuccore/JACXCM000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593912
https://www.ncbi.nlm.nih.gov/nuccore/JACXCN000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593901
https://www.ncbi.nlm.nih.gov/nuccore/JACXCO000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593930
https://www.ncbi.nlm.nih.gov/nuccore/JACXCP000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593919
https://www.ncbi.nlm.nih.gov/nuccore/JACXCQ000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593970
https://www.ncbi.nlm.nih.gov/nuccore/JACXCR000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593965
https://www.ncbi.nlm.nih.gov/nuccore/JACXCS000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593964
https://www.ncbi.nlm.nih.gov/nuccore/JACXCT000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593963
https://www.ncbi.nlm.nih.gov/nuccore/JACXCU000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593962
https://www.ncbi.nlm.nih.gov/nuccore/JACXCV000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593961
https://www.ncbi.nlm.nih.gov/nuccore/JACXCW000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593960
https://www.ncbi.nlm.nih.gov/nuccore/JACXCX000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593959
https://www.ncbi.nlm.nih.gov/nuccore/JACXCY000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593958
https://www.ncbi.nlm.nih.gov/nuccore/JACXCZ000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593957
https://www.ncbi.nlm.nih.gov/nuccore/JACXDA000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593955
https://www.ncbi.nlm.nih.gov/nuccore/JACXDB000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593954
https://www.ncbi.nlm.nih.gov/nuccore/JACXDC000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593953
https://www.ncbi.nlm.nih.gov/nuccore/JACXDD000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593888
https://www.ncbi.nlm.nih.gov/nuccore/JACXDE000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593887
https://www.ncbi.nlm.nih.gov/nuccore/JACXDF000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593886
https://www.ncbi.nlm.nih.gov/nuccore/JACXDG000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593885
https://www.ncbi.nlm.nih.gov/nuccore/JACXDH000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593884
https://www.ncbi.nlm.nih.gov/nuccore/JACXDI000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593883
https://www.ncbi.nlm.nih.gov/nuccore/JACXDJ000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593882
https://www.ncbi.nlm.nih.gov/nuccore/JACXDK000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593880
https://www.ncbi.nlm.nih.gov/nuccore/JACXDL000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593879
https://www.ncbi.nlm.nih.gov/nuccore/JACXDM000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593878
https://www.ncbi.nlm.nih.gov/nuccore/JACXDN000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593877
https://www.ncbi.nlm.nih.gov/nuccore/JACXDO000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593876
https://www.ncbi.nlm.nih.gov/nuccore/JACXDP000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593875
https://www.ncbi.nlm.nih.gov/nuccore/JACXDQ000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593874
https://www.ncbi.nlm.nih.gov/nuccore/JACXDR000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593873
https://www.ncbi.nlm.nih.gov/nuccore/JACXDS000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593872
https://www.ncbi.nlm.nih.gov/nuccore/JACXDT000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593871
https://www.ncbi.nlm.nih.gov/nuccore/JACXDU000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593869
https://www.ncbi.nlm.nih.gov/nuccore/JACXDV000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593952
https://www.ncbi.nlm.nih.gov/nuccore/JACXDW000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593951
https://www.ncbi.nlm.nih.gov/nuccore/JACXDX000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593950
https://www.ncbi.nlm.nih.gov/nuccore/JACXDY000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593949
https://www.ncbi.nlm.nih.gov/nuccore/JACXDZ000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593948
https://www.ncbi.nlm.nih.gov/nuccore/JACXEA000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593947
https://www.ncbi.nlm.nih.gov/nuccore/JACXEB000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593946
https://www.ncbi.nlm.nih.gov/nuccore/JACXEC000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593945
https://www.ncbi.nlm.nih.gov/nuccore/JACXED000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593944
https://www.ncbi.nlm.nih.gov/nuccore/JACXEE000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593942
https://www.ncbi.nlm.nih.gov/nuccore/JACXEF000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593941
https://www.ncbi.nlm.nih.gov/nuccore/JACXEG000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593940
https://www.ncbi.nlm.nih.gov/nuccore/JACXEH000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593939
https://www.ncbi.nlm.nih.gov/nuccore/JACXEI000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593938
https://www.ncbi.nlm.nih.gov/nuccore/JACXEJ000000000.1
https://www.ncbi.nlm.nih.gov/sra/SRR12593937
https://www.ncbi.nlm.nih.gov/nuccore/JACXEK000000000.1
https://mra.asm.org


TABLE 1 (Continued)

Isolate

Reference
or source
for
isolatesa

Isolation
source

Total no.
of raw
reads

Approximate
coverage by
trimmed
reads (×)

Assembled
genome
size (bp)

G+C
content
(%)

No. of
contigs N50 (bp)

No. of
coding
genes

GenBank accession no.

SRA Genome
Env19 AAF Pig feces 5,571,233 191 5,370,851 50.27 205 157,855 5,082 SRR12593936 JACXEL000000000.1
Env20 AAF Pig feces 5,947,112 188 5,494,726 50.31 175 159,923 5,232 SRR12593935 JACXEM000000000.1
Env21 AAF Manure 5,622,838 188 5,338,140 50.29 177 149,902 5,055 SRR12593934 JACXEN000000000.1
Env22 AAF Water 5,445,137 179 5,320,497 50.29 177 157,969 5,025 SRR12593933 JACXEO000000000.1
Env23 AAF Pig feces 7,441,509 249 5,339,774 50.29 177 157,969 5,056 SRR12593911 JACXEP000000000.1
Env24 AAF Pig feces 5,235,660 167 5,336,902 50.28 176 149,902 5,053 SRR12593910 JACXEQ000000000.1
Env25 AAF Pig feces 5,809,134 188 5,499,880 50.31 183 157,854 5,231 SRR12593909 JACXER000000000.1
Pig01 23 Pig cecal

content
5,841,951 183 5,340,637 50.29 178 157,969 5,050 SRR12593908 JACXES000000000.1

Pig02 23 Pig cecal
content

5,866,264 190 5,340,115 50.29 176 149,902 5,057 SRR12593907 JACXET000000000.1

Pig03 23 Pig cecal
content

6,267,063 197 5,364,959 50.31 163 157,855 5,088 SRR12593906 JACXEU000000000.1

Pig04 23 Pig cecal
content

6,040,007 196 5,408,368 50.35 179 159,727 5,147 SRR12593905 JACXEV000000000.1

Pig05 23 Pig cecal
content

6,486,008 216 5,372,102 50.27 192 157,855 5,090 SRR12593904 JACXEW000000000.1

Pig06 23 Pig cecal
content

6,268,510 209 5,338,920 50.29 175 149,902 5,056 SRR12593903 JACXEX000000000.1

Pig07 23 Pig cecal
content

5,417,785 178 5,337,200 50.28 181 157,969 5,050 SRR12593902 JACXEY000000000.1

Pig08 AAF Pig feces 6,371,068 213 5,312,973 50.3 156 210,214 5,010 SRR12593900 JACXEZ000000000.1
Pig09 AAF Pig feces 5,826,200 188 5,320,140 50.29 169 210,112 5,013 SRR12593899 JACXFA000000000.1
Pig10 AAF Pig feces 6,031,913 184 5,315,000 50.29 163 210,214 5,012 SRR12593898 JACXFB000000000.1
Pig11 AAF Pig feces 6,741,304 225 5,313,037 50.3 171 203,113 5,000 SRR12593897 JACXFC000000000.1
Pig12 AAF Pig feces 5,684,078 190 5,313,352 50.29 160 210,214 5,011 SRR12593896 JACXFD000000000.1
Pig13 AAF Pig feces 5,290,390 181 5,313,653 50.3 165 210,112 5,009 SRR12593895 JACXFE000000000.1
Pig14 AAF Pig feces 6,331,911 201 5,311,737 50.3 157 210,214 5,008 SRR12593894 JACXFF000000000.1
Pig15 AAF Pig feces 6,373,650 208 5,292,990 50.3 152 210,802 4,986 SRR12593893 JACXFG000000000.1
Pig16 AAF Pig feces 6,337,386 205 5,294,068 50.3 161 210,807 4,982 SRR12593932 JACXFH000000000.1
Pig17 AAF Pig feces 5,823,932 189 5,294,090 50.3 164 210,802 4,977 SRR12593931 JACXFI000000000.1
Pig18 AAF Pig feces 5,800,520 188 5,331,449 50.32 167 202,338 5,031 SRR12593929 JACXFJ000000000.1
Pig19 AAF Pig feces 4,583,682 158 5,312,258 50.29 171 201,648 5,000 SRR12593928 JACXFK000000000.1
Pig20 AAF Pig feces 5,942,592 203 5,425,959 50.2 179 15,7973 5,148 SRR12593927 JACXFL000000000.1
Pig21 AAF Pig feces 6,566,574 213 5,313,470 50.3 163 21,0112 5,007 SRR12593926 JACXFM000000000.1
Pig22 AAF Pig feces 5,826,019 189 5,312,857 50.3 170 21,0214 5,011 SRR12593925 JACXFN000000000.1
Pig23 AAF Pig feces 5,872,913 194 5,315,892 50.3 167 21,0214 5,013 SRR12593924 JACXFO000000000.1
Pig24 AAF Pig feces 5,221,893 170 5,313,371 50.29 165 21,0802 5,012 SRR12593923 JACXFP000000000.1
Pig25 AAF Pig feces 6,300,050 221 5,295,743 50.3 172 21,0214 4,982 SRR12593922 JACXFQ000000000.1
Pig26 AAF Pig feces 8,720,725 327 5,312,878 50.3 163 21,0214 5,005 SRR12593921 JACXFR000000000.1
Pig27 AAF Pig feces 6,511,839 210 5,292,173 50.3 164 21,0802 4,977 SRR12593920 JACXFS000000000.1
Pig28 AAF Pig feces 7,510,289 230 5,323,478 50.29 168 188,410 5,032 SRR12593918 JACXFT000000000.1
Pig29 AAF Pig feces 5,528,538 176 5,322,850 50.29 177 157,969 5,029 SRR12593917 JACXFU000000000.1
Pig30 AAF Pig feces 6,366,193 202 5,320,117 50.29 176 188,184 5,028 SRR12593916 JACXFV000000000.1
Pig31 AAF Pig feces 6,557,902 212 5,323,152 50.29 173 157,969 5,028 SRR12593915 JACXFW000000000.1
Pig32 AAF Pig feces 5,359,720 176 5,323,180 50.29 181 157,969 5,027 SRR12593914 JACXFX000000000.1
Pig33 AAF Pig feces 6,341,265 204 5,363,886 50.29 166 210,214 5,071 SRR12593913 JACXFY000000000.1
Pig34 AAF Pig feces 6,096,714 202 5,310,835 50.29 161 210,214 5,007 SRR12593892 JACXFZ000000000.1
Pig35 AAF Pig feces 6,437,450 210 5,312,008 50.29 164 210,214 5,012 SRR12593891 JACXGA000000000.1
Pig36 AAF Pig feces 6,751,171 212 5,364,931 50.28 169 210,214 5,073 SRR12593890 JACXGB000000000.1
Pig37 AAF Pig feces 6,151,804 205 5,352,151 50.27 195 188,184 5,062 SRR12593889 JACXGC000000000.1
Pig38 AAF Pig feces 5,204,338 174 5,348,858 50.27 196 159,727 5,058 SRR12593969 JACXGD000000000.1
Pig39 AAF Pig feces 5,448,625 176 5,353,797 50.27 195 157,855 5,067 SRR12593968 JACXGE000000000.1
Pig40 AAF Pig feces 5,697,729 179 5,335,583 50.28 173 157,969 5,046 SRR12593967 JACXGF000000000.1
Pig41 AAF Pig feces 6,539,261 211 5,429,978 50.23 170 157,969 5,174 SRR12593966 JACXGG000000000.1
aAAF, the culture collection of Alberta Agriculture and Forestry.
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instrument with an aimed average read depth of .300�. For data analysis, default pa-
rameters were used for all software unless otherwise specified. The quality control of
raw sequencing reads was performed using FastQC v0.11.8 (30). Trimmomatic v0.39
(31) was used to remove adapter sequences and the sequences with an average qual-
ity score of ,20 or length of ,100 bases. Each genome was assembled using SPAdes
v3.14.0 (32) with the size of kmers set at 21, 33, 55, 77, 99, and 127. The quality of the
assembled genome was assessed using QUAST v5.0.2 (33). The contigs with a length of
,500 bp or coverage of ,10� were discarded using a Python script (34). The species
identity and serotype for each isolate were confirmed using ECTyper v1.0.0 (https://
github.com/phac-nml/ecoli_serotyping). Mauve v2015-02-26 (35) was used to order
the remaining contigs by referencing the completed genome of E. coli O157:H7 EDL
933 (36). The genomes were annotated by the National Center for Biotechnology
Information using the Prokaryotic Genome Annotation Pipeline v4.13 (37).

Data availability. The raw sequencing data and genome sequences have been
submitted to GenBank under BioProject number PRJNA661559. The accession numbers
are listed in Table 1.

ACKNOWLEDGMENTS
This study was funded by Alberta Agriculture and Forestry and Alberta Innovates

through project 2019F108R.
Lisa Tymensen and Gary Gensler are acknowledged for their assistance on project

planning and bacterium shipping.

REFERENCES
1. Valilis E, Ramsey A, Sidiq S, DuPont HL. 2018. Non-O157 Shiga toxin-pro-

ducing Escherichia coli: a poorly appreciated enteric pathogen: systematic
review. Int J Infect Dis 76:82–87. https://doi.org/10.1016/j.ijid.2018.09.002.

2. Karmali MA, Steele BT, Petric M, Lim C. 1983. Sporadic cases of haemo-
lytic-uraemic syndrome associated with faecal cytotoxin and cytotoxin-
producing Escherichia coli in stools. Lancet 1:619–620. https://doi.org/10
.1016/s0140-6736(83)91795-6.

3. O’Brien AO, Lively TA, Chen ME, Rothman SW, Formal SB. 1983. Escherichia
coli O157:H7 strains associated with haemorrhagic colitis in the United
States produce a Shigella dysenteriae 1 (SHIGA) like cytotoxin. Lancet
1:702. https://doi.org/10.1016/S0140-6736(83)91987-6.

4. Thorpe CM. 2004. Shiga toxin-producing Escherichia coli infection. Clin
Infect Dis 38:1298–1303. https://doi.org/10.1086/383473.

5. Ferens WA, Hovde CJ. 2011. Escherichia coli O157:H7: animal reservoir and
sources of human infection. Foodborne Pathog Dis 8:465–487. https://doi
.org/10.1089/fpd.2010.0673.

6. Rangel JM, Sparling PH, Crowe C, Griffin PM, Swerdlow DL. 2005. Epidemi-
ology of Escherichia coli O157:H7 outbreaks, United States, 1982–2002.
Emerg Infect Dis 11:603–609. https://doi.org/10.3201/eid1104.040739.

7. Farzan A, Friendship RM, Cook A, Pollari F. 2010. Occurrence of Salmo-
nella, Campylobacter, Yersinia enterocolitica, Escherichia coli O157 and Lis-
teria monocytogenes in swine. Zoonoses Public Health 57:388–396.
https://doi.org/10.1111/j.1863-2378.2009.01248.x.

8. Feder I, Wallace FM, Gray JT, Fratamico P, Fedorka-Cray PJ, Pearce RA, Call
JE, Perrine R, Luchansky JB. 2003. Isolation of Escherichia coli O157:H7
from intact colon fecal samples of swine. Emerg Infect Dis 9:380–383.
https://doi.org/10.3201/eid0903.020350.

9. Fratamico PM, Bagi LK, Bush EJ, Solow BT. 2004. Prevalence and character-
ization of Shiga toxin-producing Escherichia coli in swine feces recovered
in the National Animal Health Monitoring System’s Swine 2000 study.
Appl Environ Microbiol 70:7173–7178. https://doi.org/10.1128/AEM.70.12
.7173-7178.2004.

10. Tseng M, Fratamico P, Bagi L, Manzinger D, Funk J. 2015. Shiga toxin-pro-
ducing E. coli (STEC) in swine: prevalence over the finishing period and
characteristics of the STEC isolates. Epidemiol Infect 143:505–514. https://
doi.org/10.1017/S0950268814001095.

11. Doane CA, Pangloli P, Richards HA, Mount JR, Golden DA, Draughon FA.
2007. Occurrence of Escherichia coli O157:H7 in diverse farm environ-
ments. J Food Prot 70:6–10. https://doi.org/10.4315/0362-028x-70.1.6.

12. Chapman PA, Siddons CA, Gerdan Malo AT, Harkin MA. 1997. A 1-year

study of Escherichia coli O157 in cattle, sheep, pigs and poultry. Epidemiol
Infect 119:245–250. https://doi.org/10.1017/s0950268897007826.

13. Milnes AS, Sayers AR, Stewart I, Clifton-Hadley FA, Davies RH, Newell DG,
Cook AJC, Evans SJ, Smith RP, Paiba GA. 2009. Factors related to the car-
riage of Verocytotoxigenic E. coli, Salmonella, thermophilic Campylobacter
and Yersinia enterocolitica in cattle, sheep and pigs at slaughter. Epide-
miol Infect 137:1135–1148. https://doi.org/10.1017/S095026880900199X.

14. Johnsen G, Wasteson Y, Heir E, Berget OI, Herikstad H. 2001. Escherichia
coli O157:H7 in faeces from cattle, sheep and pigs in the southwest part
of Norway during 1998 and 1999. Int J Food Microbiol 65:193–200.
https://doi.org/10.1016/s0168-1605(00)00518-3.

15. Eriksson E, Nerbrink E, Borch E, Aspan A, Gunnarsson A. 2003. Verocyto-
toxin-producing Escherichia coli O157:H7 in the Swedish pig population.
Vet Rec 152:712–717. https://doi.org/10.1136/vr.152.23.712.

16. Kaufmann M, Zweifel C, Blanco M, Blanco JE, Blanco J, Beutin L, Stephan
R. 2006. Escherichia coli O157 and non-O157 Shiga toxin-producing Esche-
richia coli in fecal samples of finished pigs at slaughter in Switzerland. J
Food Prot 69:260–266. https://doi.org/10.4315/0362-028x-69.2.260.

17. Nakazawa M, Akiba M. 1999. Swine as a potential reservoir of Shiga toxin-
producing Escherichia coli O157:H7 in Japan. Emerg Infect Dis 5:833–834.
https://doi.org/10.3201/eid0506.990618.

18. Leung PH, Yam WC, Ng WW, Peiris JS. 2001. The prevalence and charac-
terization of verotoxin-producing Escherichia coli isolated from cattle and
pigs in an abattoir in Hong Kong. Epidemiol Infect 126:173–179. https://
doi.org/10.1017/s0950268801005210.

19. Meng Q, Bai X, Zhao A, Lan R, Du H, Wang T, Shi C, Yuan X, Bai X, Ji S, Jin
D, Yu B, Wang Y, Sun H, Liu K, Xu J, Xiong Y. 2014. Characterization of
Shiga toxin-producing Escherichia coli isolated from healthy pigs in China.
BMC Microbiol 14:5. https://doi.org/10.1186/1471-2180-14-5.

20. Honish L, Punja N, Nunn S, Nelson D, Hislop N, Gosselin G, Stashko N,
Dittrich D. 2017. Escherichia coli O157:H7 infections associated with con-
taminated pork products: Alberta, Canada, July-October 2014. MMWR
Morb Mortal Wkly Rep 65:1477–1481. https://doi.org/10.15585/mmwr
.mm6552a5.

21. Alberta Health Services. 2018. E. coli outbreak linked to certain pork prod-
ucts in Alberta declared over. Services AH, Alberta Health Services,
https://www.albertahealthservices.ca/news/releases/2018/Page14457.aspx.

22. Food Safety News. 2016. Alberta outbreak prompts raw pork and pork
organ recall. Food Safety News, Seattle, WA. https://www.foodsafetynews
.com/2016/02/alberta-e-coli-outbreak-prompts-raw-pork-and-pork-organ
-recall/.

Zhang et al.

Volume 10 Issue 4 e01320-20 mra.asm.org 4

https://github.com/phac-nml/ecoli_serotyping
https://github.com/phac-nml/ecoli_serotyping
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA661559
https://doi.org/10.1016/j.ijid.2018.09.002
https://doi.org/10.1016/s0140-6736(83)91795-6
https://doi.org/10.1016/s0140-6736(83)91795-6
https://doi.org/10.1016/S0140-6736(83)91987-6
https://doi.org/10.1086/383473
https://doi.org/10.1089/fpd.2010.0673
https://doi.org/10.1089/fpd.2010.0673
https://doi.org/10.3201/eid1104.040739
https://doi.org/10.1111/j.1863-2378.2009.01248.x
https://doi.org/10.3201/eid0903.020350
https://doi.org/10.1128/AEM.70.12.7173-7178.2004
https://doi.org/10.1128/AEM.70.12.7173-7178.2004
https://doi.org/10.1017/S0950268814001095
https://doi.org/10.1017/S0950268814001095
https://doi.org/10.4315/0362-028x-70.1.6
https://doi.org/10.1017/s0950268897007826
https://doi.org/10.1017/S095026880900199X
https://doi.org/10.1016/s0168-1605(00)00518-3
https://doi.org/10.1136/vr.152.23.712
https://doi.org/10.4315/0362-028x-69.2.260
https://doi.org/10.3201/eid0506.990618
https://doi.org/10.1017/s0950268801005210
https://doi.org/10.1017/s0950268801005210
https://doi.org/10.1186/1471-2180-14-5
https://doi.org/10.15585/mmwr.mm6552a5
https://doi.org/10.15585/mmwr.mm6552a5
https://www.albertahealthservices.ca/news/releases/2018/Page14457.aspx
https://www.foodsafetynews.com/2016/02/alberta-e-coli-outbreak-prompts-raw-pork-and-pork-organ-recall/
https://www.foodsafetynews.com/2016/02/alberta-e-coli-outbreak-prompts-raw-pork-and-pork-organ-recall/
https://www.foodsafetynews.com/2016/02/alberta-e-coli-outbreak-prompts-raw-pork-and-pork-organ-recall/
https://mra.asm.org


23. Essendoubi S, Yang X, King R, Keenliside J, Bahamon J, Diege J, Lu P,
Cassis R, Gensler G, Stashko N, Rolheiser D. 2020. Prevalence and charac-
terization of Escherichia coli O157:H7 on pork carcasses and in swine co-
lon content from provincially-licensed abattoirs in Alberta, Canada. J
Food Prot 83:1909–1917. https://doi.org/10.4315/JFP-20-146.

24. Stanford K, Johnson RP, Alexander TW, McAllister TA, Reuter T. 2016. Influ-
ence of season and feedlot location on prevalence and virulence factors
of seven serogroups of Escherichia coli in feces of western-Canadian
slaughter cattle. PLoS One 11:e0159866. https://doi.org/10.1371/journal
.pone.0159866.

25. Stanford K, Bach SJ, Marx TH, Jones S, Hansen JR, Wallins GL, Zahiroddini
H, McAllister TA. 2005. Monitoring Escherichia coli O157:H7 in inoculated
and naturally colonized feedlot cattle and their environment. J Food Prot
68:26–33. https://doi.org/10.4315/0362-028X-68.1.26.

26. Stephens TP, McAllister TA, Stanford K. 2009. Perineal swabs reveal effect
of super shedders on the transmission of Escherichia coli O157:H7 in com-
mercial feedlots. J Anim Sci 87:4151–4160. https://doi.org/10.2527/jas
.2009-1967.

27. Stanford K, Gibb D, McAllister TA. 2013. Evaluation of a shelf-stable direct-
fed microbial for control of Escherichia coli O157 in commercial feedlot
cattle. Can J Anim Sci 8:535–542. https://doi.org/10.4141/cjas2013-100.

28. Bach SJ, Jones S, Stanford K, Ralston B, Milligan D, Wallins GL, Zahiroddini
H, Stewart T, Giffen C, McAllister TA. 2006. Electrolyzed oxidizing anode
water as a sanitizer for use in abattoirs. J Food Prot 69:1616–1622. https://
doi.org/10.4315/0362-028X-69.7.1616.

29. Stanford K, Hannon S, Booker CW, Jim GK. 2014. Variable efficacy of a vac-
cine and direct-fed microbial for controlling Escherichia coli O157:H7 in
feces and on hides of feedlot cattle. Foodborne Pathog Dis 11:379–387.
https://doi.org/10.1089/fpd.2013.1693.

30. Andrews S. 2010. FastQC: a quality control tool for high throughput
sequence data. https://www.bioinformatics.babraham.ac.uk/projects/
fastqc/.

31. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
Illumina sequence data. Bioinformatics 30:2114–2120. https://doi.org/10
.1093/bioinformatics/btu170.

32. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV,
Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new ge-
nome assembly algorithm and its applications to single-cell sequencing. J
Comput Biol 19:455–477. https://doi.org/10.1089/cmb.2012.0021.

33. Gurevich A, Saveliev V, Vyahhi N, Tesler G. 2013. QUAST: quality assess-
ment tool for genome assemblies. Bioinformatics 29:1072–1075. https://
doi.org/10.1093/bioinformatics/btt086.

34. Douglass AP, O’Brien CE, Offei B, Coughlan AY, Ortiz-Merino RA, Butler G,
Byrne KP, Wolfe KH. 2019. Coverage-versus-length plots, a simple quality
control step for de novo yeast genome sequence assemblies. G3
(Bethesda) 9:879–887. https://doi.org/10.1534/g3.118.200745.

35. Darling AC, Mau B, Blattner FR, Perna NT. 2004. Mauve: multiple align-
ment of conserved genomic sequence with rearrangements. Genome Res
14:1394–1403. https://doi.org/10.1101/gr.2289704.

36. Latif H, Li HJ, Charusanti P, Palsson BO, Aziz RK. 2014. A gapless, unambig-
uous genome sequence of the enterohemorrhagic Escherichia coli O157:
H7 strain EDL933. Genome Announc 2:e00821-14. https://doi.org/10
.1128/genomeA.00821-14.

37. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP, Zaslavsky L,
Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI Prokaryotic Ge-
nome Annotation Pipeline. Nucleic Acids Res 44:6614–6624. https://doi.org/
10.1093/nar/gkw569.

Microbiology Resource Announcement

Volume 10 Issue 4 e01320-20 mra.asm.org 5

https://doi.org/10.4315/JFP-20-146
https://doi.org/10.1371/journal.pone.0159866
https://doi.org/10.1371/journal.pone.0159866
https://doi.org/10.4315/0362-028X-68.1.26
https://doi.org/10.2527/jas.2009-1967
https://doi.org/10.2527/jas.2009-1967
https://doi.org/10.4141/cjas2013-100
https://doi.org/10.4315/0362-028X-69.7.1616
https://doi.org/10.4315/0362-028X-69.7.1616
https://doi.org/10.1089/fpd.2013.1693
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1534/g3.118.200745
https://doi.org/10.1101/gr.2289704
https://doi.org/10.1128/genomeA.00821-14
https://doi.org/10.1128/genomeA.00821-14
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkw569
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

