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Use of short and long read sequencing to investigate genetic relatedness 

during an outbreak of E. coli O157:H7.

METHODS

Figure 2. Neighbour joining tree based on Jaccard distances of stx-

encoding prophages of publicly available samples and the outbreak 

samples sequenced in this study (labelled with * preceding strain ID).

Prophages are coloured by CC11 sub-lineage. Sub-lineage Ia, Green; 

Ib, Yellow; Ic, Red; I/IIa, Blue; I/IIb, Grey; IIa, Orange; IIb, Black and 

IIc, Purple. 

A, race participant; B, secondary/household; C. geographically linked 

2018; D, geographically linked 2017.

• Shiga toxin-producing Escherichia coli (STEC) are a group of 

zoonotic, foodborne pathogens defined by the presence of phage-

encoded Shiga toxin genes (stx) [1]. STEC cause gastrointestinal 

disease in humans and symptoms include severe bloody 

diarrhoea, abdominal pain and nausea. In 5-15% of cases infection 

leads to Haemolytic Uremic Syndrome (HUS), characterised by 

kidney failure and/or cardiac and neurological complications [1]. 

• STEC O157:H7 genomes range from 5.4Mbp to 5.6Mbp in size, 

and a high proportion (9-15%) is comprised of mobile genetic 

elements and prophages [2].

• Due to the limitations of short read sequencing technologies in 

handling the homologous regions of the STEC chromosome, 

information and context regarding inter and intra variation in 

prophages, structural variation and context surrounding plasmid 

content is lost. 

 A comparison of variant calling and SNP typing of outbreak samples 

between short or long read sequencing data, placed 10/12 samples on 

the phylogeny within a single SNP of its pair. Two samples were located 

on a longer branch due to ambiguous aligning of short reads to the 

reference sequence, related to an insertion element. (Figure 1). 

 All samples harboured a single stx2a-encoding prophage that was more 

similar in structure stx2c-encoding prophages and was located at a Shiga 

toxin encoding bacteriophage integration (SBI) site commonly associated 

with stx2c-econding prophages (sbcB) (Figures 2,3). 

 All 12 samples contained the same number of prophages in total (n=17). 

However, there was evidence of micro-evolutionary events within the 

prophage content (Figures 3,4). 

 Comparing Illumina with Nanopore sequencing data highlighted the 

difficulty of SNP detection associated with attempting to integrate 

both technologies. However, the analysis of the Nanopore data 

confirmed the close genetic relatedness demonstrated by the 

Illumina data. It also the highlights the need for correct masking of 

mobile genetic elements and methylated sequences relative to the 

reference genome used for variant calling. 

 Despite all 12 samples being within the same 5-SNP single linkage 

cluster using Illumina sequencing data, analysis of the Nanopore 

sequencing data revealed variation in both plasmid and prophage 

content of the genomes. 

 The stx2a-encoding prophage harboured by the outbreak strains 

was located at the loci associated with stx2c-encoding prophages, 

and this may have an impact on pathogenicity of the strain.

 With the development of long-read sequencing technology, we can 

now detect and describe both large- and small-scale structural 

variation and explore the effect on phenotype.

 The ability to characterise the accessory genome in this format is the 

first step to understanding the significance of these micro-

evolutionary events and their impact on the evolutionary history, 

virulence, and potentially the likely source and transmission of this 

zoonotic, foodborne pathogen.
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DNA extraction was performed using a Qiagen Qiasymphony

followed by library preparation using the Nextera XP kit followed by 

sequencing on the Illumina HiSeq 2500.

DNA extraction was also performed, using Revolugen’s Fire Monkey 

kit followed by library preparation using SQK-RBK004 (Rapid) kit and 

sequencing on the Oxford Nanopore Technologies (ONT) MinION on 

a FLO-MIN106D flow cell. 

Nanopore basecalling, read trimming and read filtering were 

performed using Guppy v3.2.4 FAST, Porechop v0.2.4[4] and Filtlong

v2[5] respectively.

Nanopore reads where assembled using Flye v2.8[6] and the draft 

was corrected suing Nanopolish v0.11.3[6] (ONT reads), Pilon v1.22[7]

(Illumina reads) and Racon v1.3.3[8] (Illumina reads). 

Prophages sequences were collected manually from annotated 

finalised assemblies using Prokka v1.14.6[9] and compared in a 

pairwise format using Mash v2.2.2 [10]. 

Both Illumina and Nanopore datasets were processed using 

SnapperDB v0.2.6 to determine relatedness as described in Greig et 

al 2019[11]. 
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Figure 1. Maximum-likelihood phylogeny showing the outbreak cluster CC11 sub-lineage 

IIb (A). A second maximum-likelihood phylogeny showing both Illumina derived and 

Nanopore derived SNP-typing results for each of the outbreak samples (B). 
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 All samples contained a 94kbp IncFIB plasmid. A further three 

samples (588888, 588889 and 591229) contained an extra 60kbp 

IncI2 plasmid of which one sample contained an additional 69kbp 

IncX4 plasmid and two samples contained another plasmid 41kbp 

of unknown Inc type. 

 The two samples isolated from the previous year (2017) had a 

1.44Mbp inversion between phages 4 and 12 relative to genomes 

from the outbreak in 2018. The same two genomes had a second 

event between phages 9 and 10 reverting a 0.45Mbp portion of 

the genome sequence back into the same orientation as the 

remaining 10 genomes (Figure 3). 
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Figure 4. Neighbour joining tree based on Jaccard distances of all prophages 

within samples in the outbreak in question. Prophage clusters are coloured as 

follows: Green, shared between all samples (n=12); Yellow, shared between 

two samples or more and Red, unique to a single sample. 

Clusters are labelled with the SBI of that prophage and the number of samples 

that contained that phage. * denotes compounded prophages.
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Figure 3. Easyfig[12] alignment showing the chromosome and loci of prophages in all samples 

in the outbreak in question. Stx-encoding prophage, Red; Prophage-like region, Blue; Locus of 

Enterocyte Effacement (LEE), Green and other non-stx-encoding prophages, Black.

391778

595557

595637

592580

592579

591890

591859

591229

591122

588889

588888

401794

• We used a combination of short-read Illumina and long read 

Oxford Nanopore Technology (ONT) sequencing data to quantify 

genetic relatedness of 12 isolates and to look for micro-

evolutionary events in the core and accessory genomes. 

• We investigated an outbreak of 

nine cases of Shiga toxin-

producing Escherichia coli 

(STEC) O157:H7 linked to 

participation in a mud-based 

obstacle race [3]. Three additional 

isolates from cases who could not 

be linked to the race fell within the 

same 5 single nucleotide 

polymorphism (SNP) cluster as 

the outbreak cases. 


